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invention relates generally mari ngeisei sm ¢ surveys and nore particularly to
5 an apparatus and nethod for controlling marine sei gm D such as an
array of air guns. 2. Description of the Rel ated Arﬂ“mummmmﬂmw n marine

seism c surveying, to obtain geophysical information relajfe to the
substrata | ocated bel ow the sea bottom seism c sources, generally acoustic
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a marine vessel. The
shock waves propagate i ra eneabE’ the sea where they are
refracted and refl ected back to the 15 sea. Sensors (usually hydrophones)
are used to detect the returning shock waves and to output signals

i ndi cative of the detected wave. The signals are processed to generate
useful data and to determ ne the geophysjcal structure of the substrata.
[0003] Air guns or gas guns ar@agkas pf thedryaption acoustic transmitters.
Usual |y,  sever #ialdiof tiinSertién Pl aced. in spaced relation to each other in
a subarray. Oneor nore 20 air gun subarrays are towed behind a marine
vessel beneath the sea surface. During operation, all air guns in a

subarray argoeaf tThikaheshtish ethies Al maang Esismizautvede Sind enbre puditalktly to
pressure pulse fromt hcgt ﬁﬁgg”%ﬁ\{‘ IThe Sul se .characteristics, such as the
frequendy, BARPPERNSERGMY PRACTITRIRE MBEng RRISTRIG SPUICFS SPLagpaney Qi

produced byups air gun subarray is a function of the characteristics of
the pressure pul ses produced by the 25 individual air guns and the physi cal
arrangenent of the air guns in that air gun subarray. [0004] A typical gun
cont rol | er 2. nDes¢Hstich aitthp IRedated Aeintral control |l er and an unbilical

| eading out to the array. The unbilical typically includes nultiple data
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substrata located below the sea bottom, seismic sources, generally acoustic
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transmitters, adapted to produce pressure pulses or shock waves under water, are
towed beneath the water surface behind a marine vessel. The shock waves propagate
into the substrata beneath the sea where they are refracted and reflected back to the
15 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.
[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 a subarray. One or more
20  air gun subarrays are towed behind a marine vessel beneath the sea surface. During
operation, all air guns in a subarray are activated simultaneously to produce a‘ desired
overall pressure pulse from that subarray. The puise characteristics, such as the
frequency, bubble ratio and amplitude, of the overali pressure pulse produced by an air
gun subarray is a function of the characteristics of the pressure pulses produced by the
25  individual air guns and the physical arrangement of the air guns in that air gun subarray.
[0004] A typical gun controlier includes a shipboard central controlier and an umbilical
leading out to the array. The umbilical typically includes multiple data conducting wires,



unbi li cal conductors typically imt the nunber of towed sources and limt
t he anobunt of offset between the ship and array, because the |arge size :
_and weight of the unbilical tends to present unacceptable (jagwhgs towed.
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[0007] An additional drawback of typical curréent and proposed systems is the
unnecessary reliance on ship-based controllers. - High user interface requirements
increase the probability of user-induced errors. Additionally, single-point control will slow
25 data processing, increase system failures, and does ‘not provide adequate cdr_rective
measures for corrupted data and/or for defective in-water sources.
[0008] Air supply control in the event of gun failure is area where the‘typical system can
be improved. Historically, air supply pressure is distributed among all guns via a
common conduit. Failure in a single gun can thus lead to undesirable leakage. United
30 States patent 5,202,669 to Jenkins and assigned to the assignee of this invention
address this problem to some extent by providing a remote cut-off valve for controlling
air flow among groups of air guns. The Jenkins patent (5,202,669) is hereby

incorporated herein by reference. Such an air control valve is improved by the present
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provi des distributed in-water control to allow the valve incorporation at
~a gun controller level. Summary of the Invention 5 [0009] The %Re%@t

" invention addresses the above-identified drawbacks by introdh b
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e _can . be a val ve electronlcs
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sel ect @4 aiartoguesses tm\maglmb ﬁlufallfyldigacommﬂﬁes Buisedifér ﬁér&mmrﬁg tH@GorfeedareCt ed
air gun is_interru : f val nbe

d f
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20  off valve is coupled to one or more air guns to control air flow to the air guns so coupled.
The cut-off valve operated to stop air flow to a selected air gun without affecting
operation of other air guns. In this manner a firing command can be issued to all air
guns and the cut-off valve can be controlled by an in-water control module. The control
of the cut-off valve can be a signal sent to valve electronics, which signal is sent
25  simultaneously with a fiing command. Thus the selected air gun is issued a firing
command, but air flow to the selected air gun is interrupted by the cut-off valve. Such a
cut-off valve can be coupled to each air gun individually, or to a plurality of air guns using
a manifold. When connected to a plurality of air guns, the cut-off vaive preferably
includes electronics and internal manifold valves to select among the plurality of air
30 guns.



[0012] The novel features of this invention, as well as the invention
itself, will be best understood fromthe attached draw ngs, taken al ong
~with the follow ng description, in 5 which simlar reference %ﬁgr@@ters
“refer to simlar parts, and in which: Figures I A and 1B show rtne
seism c dMO3HEY sition systemaccording to the presentPGRUSOBIGA; Figure
1Cis a systemblock diagramthat represents the systemof Figures |A and
1B; Figure 1 D shows a conputer systemused for the GUJ of the present
invention; 10 Figure 2 is a block diagram of an_enbodi nent of the renote
control nodule of the present BriglRegcriptionmfile Brawingsa bl ock diagramto

show i n greetxrrdehciel fdaieres Bf Wi RVerRRAPAS Wkl asURE thvieRtiont ffb%lf?%ﬁltmégt
Figure 1; Figure 4.is system bl ock di agram of an alternative system
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enbodi ment Y"OEEPqd,fion 1Be;attacheq) draings o fkainaiindamtha theciobewing dessripbien.ient  of
the rerfot ewiiomsimithr reeetahc chafidars Rfér th Sindlabp&eK afll aok@men.of an al ternative
enbodi ”EntFiOLrt h@' %llm ort11t rol _nmpdule .i acl udi n,%‘a renote cut-off control
for use wi tH SN %aéﬁl WA PagE: SeRENIG gata Jqauipifion system accoxding tedke di agr am
of an al t eprasantingertidnpdi nent of an auxiliary nodule according to the
present invention. 20 Detailed Description of the Invention .[00131 Figures
1 A and 1BighedGisrasystam deck diagratathat rep@dents thosystns bFydids 1A 4M1BI S a
tow vessel 12 that includes a central controller 14. As described |later,
t he cont r dfigare 1shows & nainpatessyatecongedtfertha GUIg thelpresent ns&ritiohnt er f ace. An
air gun array 28 is coupled to the vessel by a reinforced cable 18 and
known WoupfipHee 2is.a bibek dagrm df@niemblodidest ofttbe derndte centfad modakepf ey t he array

sour ces topr&%tﬁ%%tfcﬁ\'-mcont roller. The array conprises several individual
acousti c sources . Wen activated, each source produces an air bubble
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bubbl es 30 coal esce to form a subst y singular aco 22. An

i n-wat er rtBfSYEeBORFIANre Thodul e 24, which will be further described Iater,

preferably_controls each array string. 4 1 4 NOV 2006 WO 03/079050
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corrpo_nltén]t sigaccor_dié‘nqc’ tg the present invention. Shown .are two substantially
ica r
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including a remote cut-off control for use with an air supply cut-off vaive: and

Figure 7 is a block diagram of an alternative embodiment of an auxiliary module
according to the present invention.

20
Detailed Description of the Invention
[0013] Figures 1A and 1B show a marine seismic data acquisition system 10. Shown
is a tow vessel 12 that includes a.central controller 14. As described later, the controlier
25 14 includes a computer and graphical user interface. An air gun-array 28 is coupled to

the vessel by a reinforced cable 18 and known coupling 26. The cable 18 includes
conductors for coupling the array sources to the central controlier. The array comprises
several individual acoustic sources 16. When activated, each source produces an air
bubble 20, and the individual sources are activated such that the several air bubbles
30  coalesce to form a substantially singular acoustic wave 22. An in-water remote control
module 24, which will be further described later, preferably controls each array string.



Referring to Figures 113 and I C, a source elenent includes a gun control
modul e 114 5 for controlling the individual source, a hydrophone sensor 118
~for acquiring a near-field response fromeach source, a depth Kg\ang@ucer

" for acquiring depth information, and a pressure transducer for acquiring
pressure iy§esembdpon. The depth and pressure transducer spOgUSG/HsSIOWN

col l ecti vel y as a DT/ PT nodul e 120. [0015] Figure ICis a system bl ock

di agram t hat and 1B. The system

resents e system 10 of Fi gures

ot oo Do Reehemh i Figies o St e fte BEHES sri b RePa S et g ing
conmponent s to $ pmamtdmmmﬁnesﬁo@mhml MESL&st:tBleaillyl laémrcéamre@anuy Gfrln]gQZ and
a ower s e us t term " shi r is for
ol ¢y ER S e, BBty tony PR T aReR e, paSRE SR fuay Spnd
conponent IRefarringtcshigares-0oB aadai@)|acsouraenelemspieintiudds 4 hen ports niodulevEidt | on
i ncl udes a net rk ipterface that transmits seis te
ocatton 2 ilheobind Meihifitfa saos: + RREBhicsRd a8 S8h sk 4 B PR,
power supplryspblde frempeachesoatiey a ajebthotnamssugp|for armaiting aepthoinicenatiang and a

alternatin | (o] . I CHr ( r The
interface %ff%%a dtr%rcﬁ\cfeyr%&)s J&p%&{%g& g'lreggl%%u@#’é@gqb&'i ra@v?/afe gfé‘ﬁ c%ndlg)g%s%%'s Vi a
t he unbi | i d@hsdigersTiraingstoivini coligctitdy as adbiiifEotoddlet1@0t he arr ay 28. The renote
control 20 nodule 24 is coupled via a second unbilical 110 to one or nore

sour ce el erfeiSks Flgure[18Dit7] systera block diagrasel thatrivemiesests thetsysteghl QofoEigures
interfage cIhBatRs s V\Xét&njﬂ u‘?clud@@‘bhg@l{\hﬁgr @V §ﬁ'§69£@%89{33ﬁéﬂ§ and l]oﬁ;éﬁl in-

synchrom zatiron to I n- onen S ater.
shi pboard IWﬂt@rrCfoamnpmtévSSfde@am @rat\@pr@aw l@@wdeoan ugssiimteriacsr cosenyies d 03 end @

el enent s a% P&l ngﬂgi@d 'ﬁ’f‘é\?ééro?thea@ﬂn'“éhlﬁo?fﬂ &B?ﬁpo%@nt@p%rférté?ﬁ\ IRy Bdd ﬂ@t‘ nt

for control ource array el enents 1 The array 1 i ncl udes a
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20  module 24 is coupled via a second umbilical 110 to one or more source elements 16.

[0017] In a preferred embodiment, the shipboard interface communicates with a
navigation system and provides global synchronization to in-water components to be
described later. The shipboard interface provides a data collection point for source array
elements and peripheral sensors, and it provides an operator entry point for control of

25  source array elements.

[0018] The array 48 includes a plurality of air gun control modules 114 (only one is
shown for simpilicity), and each gun control moduie 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
30  modules). The array may include an optional auxiliary unit 122 when additional DT/PT

modules are desired.



124 includes an internal processor, nenory devices for storing information
obtained 5 during the survey and for storing one or nore programs having :
~instructions for use by the processor. [0020] Figure 2 is ok NOYCHIBIi agr am
“of the renote control nodule (RCM 24 used as part of system 10 descri bed
above aneysbtsmmosbn Figure 1C. The RCM 24 includes a probeEE8R/8HB2 4
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20 206. Allinternal coupiings are typical electrical couplings known in the art.

[0022] Figure 3 is a block diagram to show in greater detail a preferred arrangément of
the in-water components used in the system of Figure 1. The several components
shown in Figure 3 are referred to collectively as the towed subsystem 300. The towed
subsystem 300 includes a remote control module (RCM) 302 substantially identical to
25  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.

[0023] A gun branch 310a includes a gun control module (GCM) 314. The GCM 314is
30 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.



. capability. In a preferred enbodi nent, each GCMis used to digitize signals
from 5 peripheral sensors elenents such as the DI/ PT nodul es. [0025] Each
GCM provi des power to the source el enent and acts as a sing| ¢ Nows200®et ween
“control units and all source el enents, which reduces the nunber of
conduct or svoo®euosved for operation. [0026] An auxiliary bPERYROBBOB i s used
to expand the capabi lities of the gun . branch 10 310a. As such, the

auxiliary branc . option e |1 anch
310b pref ell%%‘l‘]y G&&éés 5n8'3‘¥19'i'tggaq°9 %(/If%r Sodfﬁ%grra%@%nféa% i sa((goupl ed
to _OrleI Or irfthides ﬁiyrttzhw/gm’neenﬁrﬁrfar dl?]lﬁzis@langeals rababtnear tBe 4aoustic Bhercausdakipar y GCM
is simlar_tq the. in that .the

out put 51 gTAFI0T Gieftenie ilap aVerf tise tsts SHYIRAERE Bl cAnfiiBbosstB o)
as the DT/ REpaniitty| €5 8 Pheferted kﬁlbm&ﬁﬁﬂﬂ. fReheBEMip nsw tco digitigersignats- Bomind

consi de %FH@’E %%Eﬁéaa}%sg%%{sst&%ggtr%qu,gﬁ%% Skilled in the art woul d

under st I'tirona escription and associ ated advantages

real i zed bﬁg&zgf S50 ABYRGL Oler [ORSLoube e Pahd QR gl o

i nvention at al OWS an end user
i mpl enent pmMeanrmnm@l Ltniteanqha&mur@melﬁmehﬁ which redusps theawimher AucWrsiRie 20

survey cabl As existing cables and sensors fail through
nor mal wear" %u'%gqorsoig%%hg end .user can easily upgrade by addi ng other

advanced Syo(? Pﬁg\%ﬁ)&lﬁ braﬂEl‘F@'iﬁB ROude %h&pﬁﬁ@%ﬁé‘&aﬁaﬂiﬁﬁ’éﬂ bothe duAlat@hchOne

enmbodi nent res Invention is the first sta The first taels
an i n-lfat e¥0gorfs @JChsVﬁ auiigryaRrapsiobi cpspletal oplenalt 3"’%‘ sedeHie pyie

provi de wi debam, 103%&9@%%&%%% Rt esCiie2s the adakny GEM |§-dw;blecﬂ tor enot e

control unit Wlt out ki ng existing in-water hard re oEsoI flrst
st age of tr@emréﬁ@fﬁtdePMﬂ%ﬁU%tf?@dB?%W%ﬂPs 2R nilAgG BKEA ﬁi‘m

108, shi pbogrflei BERN iad@t Y2 audithly [GOMPEYREtes u@ningitszOéutpw signdie draim ted sni ¢

survey sensors and coupling cables 0030] .The f V|des an
umbi | i cal halialy hrerrhdedirheiakseaner %fﬁﬂé%fh rige htr% g"ﬁ@\%ﬁ%at‘ﬁe ship and

dat & cormunEEN | BRI BREON BEIRFEEITS SR GAGS PFECOHE PYETa g5 ara) S dnde "
shi p contr oHiird. in Tllmaaprveﬁmﬂtmdans/camn trenfoliewing axdititionat seecription hed @ssdoidedr r ay
'he Rou 7 $8nR0E TT i o 8RR usosy 08122 [o0s1) Thie o
enbodi nent , [0az8] Theosatan 16@bi tbevpresentinrtion iseaseaiablss 3-stage SyHemthat alowp
an end user to implement portions of the invention while stifl using existing seismic
20  survey cables and sensors. As existing cables and sensors fail through normal wear
| and tear, .the end .user can easily upgrade by adding other advanced system portions
_. according to the present invention. _ |
[0029] One embodlment of the present invention is the first stage. The ﬁrst stage is an
in-water control system that provides the ability to extend offset, provide wideband

9
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communication between the ship and the in-water remote control unit without making
existing in-water hardware obsolete. The first stage of the present invention is provided
combining the GCMs 114, RCM 108, shipboard interface 102, and the power supply 104
with known seismic survey sensors and coupling cables.

[0030] The first stage provides an umbilical having reduced mass and extended length
30  between the ship and RCM as compared to existing system umbilical couplings that
usually extend data communication. and a power bus along the entire sub array from the
ship controller. The present invention may communicate to the entire array via a twisted

pair cable or a fiber optic link from the ship interface to the RCM.



. W thout creating obsol escence in existing cable inventory. Current

unbilical cables are huge and present too much drag in the water. The
current systemonly requires a point- to-point twsted pair g o@
“addition to a | oad-bearing cable and DC power 5 conductor. Og g not her
enbodi nremo bsombe second stage of the. present. inventi oﬁC'tfﬂiétWWBw des an

in-water wide area network (WAN) for gun control. In this enbodi nent a
known nﬁ#u t'l'hrg Sh{oBGimenBr Shd FiosEGb UtRs, | ﬁ}O\tnB@s B@&erTcm;seMH‘nV‘mel sigmhance
data co ation between in-water gun control dul es and between t he

renot e corwlth@lﬂ Cf@@“ﬂﬁ)@hﬂo@saﬁwet'ﬁéxﬁmﬂ eae F'UP“tﬁﬁ’du@‘érée“t Lotiisa! GaRlseIRse
embodi menty, L@E atnﬂa %’e@nﬁ%@t bV Y IrOfRe 'w%téth'hE t&LlFréh’tﬁs&&‘?t@ﬁn onVﬂeﬁunréé@Qthﬂ”ent i's

a system ha communi cation fromend-to-end. A fiber- tic
conmuni cattptm"‘@etwﬁt%ﬂ ®AG sarauger iy addifon e tord-begrpe ecaé’l?maF%ID eé and
the ship Wnhlctheduce system bul k and drag for the tow ship. This w de band
systemincl udes 15 autononous control in the te Q \P aﬁ) &\ag si npl e
user i nterf08¥ AL FRRodimen) ipihe %ﬂ%ﬁfaéﬁtqf\ﬁge L Vil BOVidEF enet ry
fromthe sff p-Water widdrebasafokemvANy fdﬁ(ymhf@introlst annmmb@@;siéﬂn Akpbwpboard
user interface such as a navi gmshggnal '?—é%u &g@@ Renot e Cocriltrol
Modul e ( ROMMWREsinteRtedCR th @r‘” opeffa WM EaNCR 49918 5 e r
20 and pr %rﬂﬂ§méétfohﬂﬁhﬁ&*ﬁ |hQ1|ratérQ{unS<§dritrﬂgnﬁGWSs and @etwaieh itiad rebaatplconigol

bet ween the ship an i ght wei ght unbi | ical conprising tw sted

pai r c%mWPé‘&?PBﬂtWQQHPCOQ“ﬂ@ link and a | oad cable. The RCM coupl es

to Gun Confoyss) Aﬁ@{uéreerr(baalh%ém adfr &g gledont laVeralbnaﬁ aieonlgird hetaget r i gis Each
GCM provi des, i n-wat er g Irol and DT/ PT/ NEH terf §5 63@35] The
present |n9'@ﬁ?‘i‘"6’ﬁ”ﬁoiso"‘\’/ l"&ﬁ’f"gee\?a tﬁofTE'?F"fan?ﬂ BWr?P tﬂa‘w

br oadband éptt@edonﬂﬁmmf:at@mtaenmngT e systan ﬁtbr’ndh@ renifge la?]mroﬂ'noﬁmle%nmmecgbl e

commn|cat|on t echnol o LQ the arr Wit

capabi | i t ySiP WHEBP%%%‘%%%W hU‘g]ﬁpggFﬁwaﬁﬂecfg‘g ship. vﬁi( e‘P"dﬁlb?P&g%sq?rﬁbjncgE%r e
contr ol t hadtoh&@Ho@esoriraEinrthe kvatdr angi pngh@eqoansmplé asdriintesace3and &abiityTdfe
resent invention i de; d d Th

Cnt ors. si nEPETHaRaa A 2 SeeBrarmaTY B N APV ABUECE AT T areRe

Par anet er sw@édra i ncl udes tim ng and synchronl zation, which reduces the risk

of 1nput efdedl. al Aiiskohr iCer 8L 2BL4 S0 n%ﬁugéttUnQPhﬁ:?EbGB?eoawjaQQé’r%@t es a

firing sig recei ving araneters fromthe ship
navi gat i onCeytseldviodue (RCM) positioned in the water The RCM operates as a string header

20  and provides firing control for string GCMs. The initial coupling between the ship an the

RCM is a lightweight umbilical comprising twisted pair communication link, a DC power
link and a load cable. The RCM couples to Gun Control Modules (GCMs) arranged in
an array along the string. Each GCM provides in-water gun-control and DT/PT/NFH
interface.

25  [0035] The present invention provides scalable evolution from narrow band systems to
‘broadband fiber optic systems. The system allows the use of existing cable
communication technology from the RCM to the array with-low cost upgrade capability.
The present invention provides in-water distributed gun control that reduces the risk of
single point failures. -

30  [0036] The present invention provides advanced user interface. The shipboard user
enters simple parameter data preferably using a Windows™ environment. Parameter
data includes timing and synchronization, which reduces the risk of input error.

[0037] The RCM establishes synchronization and generates a firing signal to the GCMs

after receiving the parameters from the ship navigation system.



. 14NOV2006 WD 03/ 079050 PCT/ US03/08122 [0038] In one enbodi ment, the RCM
I ncl udes a GPS and the only paraneter sent is a set of position

coordi nates. These coordinates are stored in the RCM Wen { heNIRCIH06
“determnes that the array is positioned according to the coordi nates, the
RCM gener a¥@93/070%0i ri ng command and aut ononously fires thBCHUSEN08123 [ 0039]
In a preferred autononous enbodi nent, each GCM has a GPS and transm’tter

t her t t fea Y
Or G ner  SYBHES 2 BN (ORBIERbEOE b b o B e o B
recei ved ccet di prsition copmwéeser'Fﬁe:se coprdingipsrase Istoaed imihe G5M.| Yihenthe REMs
ranner, f'dh RMired |th?%f i 8fay B %oglhér;éagacg%lﬁg‘%@s thdasfdn&ss, thereM@inipdedat a

to ensure the several soUrces are i nul't aneously and in a precise
| ocati on. [a0fring]command@ngrasianemogsty feasriihamat he Renote Control Mdul e (RCM

oper at e t Gooef Q¥ 'ad&e@nfeH ekdneRBls @H‘@oﬂ’ﬁféhﬁ%’a@ﬁ'GGM Pab @l OPS A taHhiteRr y
I nputs utilizing a single comunication bus and r:rp%orts other auxiliary

branch i n- s OHET ésleRBtR SysterhéorremmysIaiGEEn Q‘ec%% PGS goeh §e5F real-

converting (pxS S EBinates @5 hﬁér RGQMEHI REM ﬁ?&e%&rtﬁﬁfé’s%@ﬂieeécélm| stdrdithtes
bal anced wire, fiber s%eed radi o,

comuni cat i Brd%ﬂf@dthﬁrc"’ﬁfqyt t8y| POSHRB- F@W'ﬁ ”Bégh? ggij“ﬂ&ﬁ'ﬁiafl?teﬁfm%gf'?ﬂ t o-

. poi Nt coNMMByRirRaid BBsEL RS thel BEMYIASS &datd Qo RéA¥Uld ke selétBK $purtes aid dinedous
errbodl ments, the RCM provides source string autonony for independent

cont r ol 10of WP'E%TEP%S'VQW MAPEFSE IAGRYRD- st ri ngs, across several vessels, and
20 renote c@4o] oh $HrdfcRes e‘mﬂbhlnﬁ?éi'nﬂ thadreasiedCehied!i Module TRCM)&fﬁemﬂeSmmt

i ncl udes i ndependent control t h t.h
ol udes | SSBACCT Gor Bl Shesdiel Tl Sl 1 Blle, SRR oB A
3 hi pboard s?aﬁramuce{tnaaéb%]s étl;iaesLBSMts atrfeheuﬂmr)elblaéncabmaera?mwntmnme RO i ﬂes
i agnostic untlon abi to,test all elenents.o t he
evegt of a UGW Bond r‘EﬁT’E‘Pnf mtqr{ﬁcg & Conering SEpiEM 5t fBn Ot H ’@%‘f"é“wu
s possidl etechﬂtﬁ)dw\ﬁhmmbdngmé@ wire, dbsrabige speed radlmpmfranyl oteercluight bahd er
0043] The ro de offsttrrean t
Egl oba} |y orR%\M] %HWB qnymg 8"&‘8\/?‘8%2 q’@g%;%lﬁlqr X/gépm nPﬁ%%g gbﬁ he
number  of G_zmnt@onmmwatlmdub@%thesresiieﬂ)mﬂfqil\’l'ﬁh@ present invention may aI so
| ncl ude varL aﬁ”&ﬂéﬁéﬁ&ﬁ%&%&ih@ﬁ{se% ?ﬂ/’ Broyidi® SGERRSsthg Liforlofyefdki on.

Al t hough th ternatives are not expre described in “detail above
t he above- d@geman.dent ¢anirehof mvltl%anr@y%wa&ﬂug%ﬁtén@%acr@a seMerehuesgels. #ad

20 - remote control stations such as land based stations. This embodiment includes
independent control of sub-units within the array, providing autonomous operation in the
“event of loss of communication to the shipboard system.
[0042] The RCM in the several above embodiments provides diagnostic function
capability to test ail elements of the array. In the event of a gun controller'fai-lure or
25 when operation out of safe limits is possible, the RCM will operate to disable the
inoperative controller.
[0043] The RCM provides offset time and delay control of source elements, globally or
independently and provides scalability point to expand the number of Gun Control
Modules.
30 [0044] The present invention may also include various embodiments considered within
the scope of the invention. Although these '_'alter.'natives are not expressly _described in -
detail above, the above-described invention would enable one skilled in the art to

practice any of variations. Some alternative embodiments are shown in Figures 4-7.

~



. practice any of variations. Sone alternative enbodi nents are shown in
Figures 4-7. 9 1 4 NOV 2006 WO 03/079050 PCT/ US03/ 08122 [0045] Figure 4 is
a system bl ock di agram of an alternative enbodi nent of a syglealpy ng@@

" according to the present invention. The system 400 i ncludes a co nation
of in- weoanwemsponents 402 and a conbi nati on of shi pboat@/é¥®ient s 404
coupled by an unbilical 406. The unbilical 406 preferably provides primry

power to i n-wat er. [ t The
G 11 cal DB Pl ge 3 GREREDREK Sckizih B B AMBinteRoWRbaRRM & S5yl L 10
for provi4bhgcdording tcathrecmesmmﬁnm |'F.h¢ S)@é&%@ﬂ ingieles f gaEptipatiop @ dirent s
402 and a_ shi boa r dnsHn I

pr ef er abl ‘Q/aife[r ?'H%r"%é‘ gsuﬂ?i %l‘ci g COﬁlﬂlJ%tal 3\%?@ %@bﬁf)ﬁnce 41rj:ﬁdasn?mtcg&gedj ?étagbase
server 4l@mbibcal SmSpoﬂ'he ophilical 40& preferablyii @ﬁVlQ%@WWnPPW?fkt%'@B BRI abl y

10 '“C% g&m,go h{%e\a? 6ﬁrﬁzgg Wé?rci:%ctopubscqtl'fedurﬁtbrﬁc%l 303 Fyreky incligesde any

ot her con ure 4 further shows other
conpone nt Bighr ednsimadsh ycm@p@§@tt§>n§ hisb e dfor 'Plﬁ%\é‘@!“g dBiepBRioR: CoramUNIGAURY

suppl i es F}&t@e@ﬁ“fhél%%afe?tc%mp%ﬁéntg%am 43fipndlie enieeler MBDTheSYSER i ght
be a single power supp f

y capabl e of supplying eve stry
associ at edomtialier 43 ip r\DrﬁEf@*y dwiso rroxpled 4th3 ‘?#W\?NE P%: t4¥6 F‘? apl e (e.

g. N po r erBons. OTRG thérfdmithThle 408 eyrefierdbty f ace
420 m gh\t/\%%taﬁéév%ogéewgls‘ﬁ@fdgl %\SFgﬁloﬁt erf r};lce or (Hr,?ul tiple i nlt erfa o desired

for the pincludes|arfibsnrepiig. C‘Prﬁiuﬁt"iﬂ B r e %%?HY%HFC'U%%@%WEEH e 420

i ncludes @, Hﬁﬂgﬁ.‘% andod nput device. One preferred |nterface is a known
conmputer such as t e conmputer 102 shown in F|

oty derisef 2BoR ) THER st en
net wor k bd¢0dpbfrigure 4 fBF'éﬁfféhQWW’tr@bﬁ?J’P%%“eafsl prg I3RS PA SRIRA0Y! tH8 System

colnt rollerg %gnen-@'%ré‘eﬁo%"r ksuppdsb e afid AuseR |ﬁt@ﬂa¢maev|eés v20.h Reowowei 1 el ess
tel emetry t

chniques is also preferably co off ship stat such
as an on- sHpplies 4dAtpight beg pingle. pWéstrl%F@?g % 'Bgtpogﬁr‘gnedercy %fﬁngjll
of fi Cqsalr %é%grat@@%‘!ﬁ thehevdter comignihty 412 [ AAUSE i bet tehinpltiplar(e g:Nnmwent s 404
are coupl e

to th t t 02 b 5 | 406
o each’ s auppis Ao PraydnAoRENoIen S L PRy sgars 428 fat AfpUER jos' £
descri bed sy ipteriade sahmmmprernniérfgwm desired fohdhel particul@restineglyo e 2 paefeged i ng
referably co e th
ROM 424 ﬁnaboiffmfeé ady Bt b duBRd BRRE b MRS BRURERNEE 06
further iinetoetss aknoarcofripated stghdzsaé ooreputsr] 02 shown i figuse 2Bsur e
tr ansg’g)cer[ﬁg%g%b%%\gﬂ%lg %ﬁﬁen\éeh‘f’ﬁ ﬂjefeflé‘)blfy BA\thiN a1 der FBridbd8 1o ThesRtem

conporent s
controller 412. The network backbone 414 in-conjunction with known wireless telemetry

techniques is also preferably coupled to off-ship stations:such as an on-shore central
office. The wireless communication and central office are not shown here for brevity.

[0048] The shipboard components 404 are coupled to the in-water components 402 by

25  coupling -the umbilical 406 to each string 422 at an RCM 424. Each string 422 is

substantially as described above and shown in Figures 1A-3. As described above, a

string preferably comprises a plurality of sources 426 shown here coupled to the RCM

424 via a power and communications cable 428. Each string source 426 further

includes a near field hydrophone 432, depth and pressure transducers shown

30 coliectively at 434 and an air gun 436. These components are substantially as

- described above and do not require further discussion here. The in-water components

402 might also include one or more known components beyond those shown in a typical

string 422 according to the present invention. These additional components would

preferably couple to the RCM 424 via an auxiliary data telemetry port 430. It would be

10



. descri bed above and do not require further discussion here. The in-water
conponents . 402 m ght al so include one or nore known conponents beyond
t hose shown in a typical string 422 according to the presemhtNOVN2I8Bti on.

" These adcu,é %)/ conponents woul d preferably couple toNgg/@/Hgig%As% via an

auxiliary a telenetry port 430. It would be 10 1 4
03/ 079050 PCT/ US03/08122 recogni zed that variations of source
conf i gur at’eee@nizadethgboariakienrs off somee: canégaationsre Peasible ydthpuledapartingfiasnt i on.

The conpongatppedaht %@Emloﬁourhﬁecoﬁrp%né‘r% of‘@&éﬁss%%rdel éfern%HHééeﬁgarWrethﬁé'd esent
i nvention to be directly coup ticular GCM hose skilled in

the art nihgRIeseaEBMINtgHiRDS ﬁ'éeqﬂb@awn'%r@ 3y PAdicRIaE G, \ﬁﬁélwssékltl%cfmémﬁ t for

particul ararg wﬁmwec&f 9N/ 1AE 160aBERNEY né(%%gér?%ﬂttﬁetter QG4 Pat@ui survdy 1S a
bI ock d| ag Q{Cdlﬁ an alternative enbodi nent of a renote control nodule
%lt‘ﬂ r

Pgef sPqUHEeMBREsent i nvention. The RCM 500 includes an
I nt er nal P FidhRd.3 @@%léﬁ@ﬁgxg@?ﬂgoﬂomnerﬁétwe?ntgdgizrﬁémaf% r][éﬁW?é cSiRpl Y 1?4
over a ri he ower Ssu converts naln ower (0]
Power - vol 1m0 (RERE s Pecercing, o ok PrRpor PESTIGD. Hit EICAL 0P Ipods s,
?gggrl ?eg nhwrﬁllpoWbeso@msozmlvm Mrﬁmg?gﬁuwg§ggﬁﬂ$ﬂpﬁl%bgvﬁté| ng
(0] | ure | ower . e
 nel udes P s B B b8 BowB S0 a0z Eorvarts MR PLWeT BAmVeT P Iage
shi pbogr d amwtmrcdhdt @dir 1Ry mfemmrmot rwrmrme,etovwidésrcgﬁd ]raﬂarSt'l{He%m%Bsuﬂ'ﬂe g
m Cr opr oce aS all asso e evl C or oril an
post Br oceé@g%aﬁsﬁr SYRRM ‘?Wr%ﬁ%efrr@gr@%r)r&rqﬂ‘ér\?l Vi3 Quipy Wepﬁifpr’r?@nber of
_ 'I;novvnt nen})mlsﬁje'vme:EQM 5m{metmmmi mlccrids?gd:?smrcsmﬁwrycessmmrﬁmmh_ boﬂi ﬁgm ted C. . .
n o | cal /[,.el,eClLlI C LNt e ul e. cou es e | oar

ool | o SRS cRigeOHTY, RtTal focE Tont BRI 28 78GR0 SRfpgessor
t el enet ry hasnan 26soated mea‘xml-wde\mel Sritefor atmnngpp'recarﬁd best pforebsezieipfurabitdny
ke b CTRE Peind Seue B taB BN bl Vbt ity SRR B B o1 1 s
el ectrical megmtlsnctrmrr@ry,[mﬁdqndrrd:ter ogic.i caAn |qpt|@11ébcmc50ﬁterfsce:mnqﬂum 500 a
circuit fOEmﬁJé%ﬂﬁé €hi h?&% cbift oﬂéﬂBHﬂ\&ﬂcR/Ps&orlﬁ.ngnoéjgﬁatY i %tfy Mgsos N

preferred circult uration I's an async

controll ertwtwdwl@é nrefe@bbnm@meswrﬁmy figerclasisseppragly émwrr &0 wevigng. The
ATM 516 ang %Qﬁl&ﬁ%!@ﬁe%ﬂ nﬂﬂerﬁét?/@!yafm li'ﬂwgé@rcaﬂflnér@dédérr mu o?r e

well 25 known abl'y 1 ncludes a circuit
del i ve?Q nghiBh{gp 'ﬂrhd??”fj‘#‘éﬁ‘ﬁtaﬁé"e"R@M%@a‘t@“ﬂ'@@t ring 28. The ci I‘CUI t

i ncl udes ajdosANTH bbtftal inGFREY 806 R2EbuplRE téa circuit for transferring:information to the
memory device 514. A preferred circuit configuration is an asynchronous transfer mode

(ATM) controller 516 coupled to a direct memory access (DMA) controller 518. The
ATM 516 and DMA 518 can be obtained from any number of vendors, and are well
25  known.
[0052] The RCM 500 preferably includes a circuit for delivering information from the
RCM 500 to the string 28. The circuit includes a transmitter/receiver 520 and a
communication controller 522 coupled to the DMA controlier 518. An auxiliary telemetry
bus can be coupled to the RCM 500 using the transmitter/receiver 520 or by using a
30  separate transmitter/receiver circuit 524 coupled to the DMA controller 518.
[0053] Figure 6 is a block diagram of an embodiment showing an arrangement of a
module 600 adapted to include control circuits for regulating air supplied to individual
guns. In one embodiment the module 600 can be an auxiliary module as described
above and shown in Figure 3. Preferably, the module 600 is a GCM as described

11



comuni cation controller 522 coupled to the DVA controller 518. An
auxiliary telenetry bus can be coupled to the RCM 500 using t he
transmtter/receiver 520 or by using a 30 separate transmi i ver

" circuit 524 coupled to the DVA controller 518. [0053] Flgure 2{|s bl ock
di agr am wio sn7esbodi mrent showi ng an arrangenent of a noed/esd@8i2adapted to
I ncl ude control circuits for regulating air supplied to individual guns.

;Bosgeaﬁg"ﬁ%@gaﬁ‘gt Sr{\o@‘ﬁ in - e&%r% g gtﬁggpﬁmﬁﬁhn R dﬁf%g éiggé,ﬁ{leg %esfﬁéi bed
descri bednodde B04 mmd%oa/lpowa eawmy/goz@nwcanetmmwmcawowt 8Pl eAgdwn i n
Figure 3 ggﬁ C&Jg;?esqﬁgg trécgggla éﬁH&N esfib ér%ﬁ?‘t&?&h% bUdigs sé@%ge 600

i ncl udes a telenetry Interface citcuit 604
bei ng couplsp@btwdyaﬂn R@l\#mbcwlrperé\ﬂhowsl 3 sepaseie inower. B@WCtO&ﬁdot'?eq:%#ﬁ’@dr@ busses

606, 8 %%g@ BEY\Bding
condu?’?orth% gtblé%gg?, a‘h@ e grtahe po%@aﬁﬁgg%ra%gggﬁéﬁgue pov'vr(‘arasuppl y
i s pref erfabé pr otheakraw giraui derrupiendpvice. g Poyer BQFI%'PWﬁGMeWﬁFSCQRVYeF

i nterrupt@r, %@Eeea%m?o@%ﬁ 2ndyed %t-@#QaQ@61‘29§e'°fue%1"‘&fnstr&d?ioﬁ i @got e air

cut-off val ve he cut-off val ve 2 general construction is as

descri beddesgribpdsin ba$epates 522,889 tq deﬂ‘éfl‘fﬁleHECh {ghiuby, incorparated herrid PY¥or at ed
herein by, ég{\) grence. 10 [0054] A primary difference between the cut-off
val ve taugeh ‘Jenkins _and the valve 612 of the present, invention is that
the Jehki W@Sﬂalﬁ\/@r"aa@td*ff%m@sb%mw the cyirell valye ﬁﬁl@hgby denrdnsand the valyeat ed

upstream g4, %f‘trien l‘éﬁéﬁrln\ﬂ#ﬁﬂoﬁ%nﬁfaPkHeeJenkﬁ@rv@%Qﬁstrlﬁdl@s &Qlﬁ‘tl"dl féﬁet\/ﬁhhtﬂﬁle S
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operation of the air supply.to oth guns, en under failuyre conditions.
100551 Thesiggt ther G| gk M'aﬂhc’mﬁ&% ah aac“PPV&t PRYCEi }*EBH' &3 MiEeh i s

controll eduda*yscca\tr:werscswatrhcﬁs ane tvlaiae @dRtprovidesr inSdater étvrerfodaltcamdwduahgw@ is .a
cut-of f valye .c ed to f
i ndi vi dual' létaag}lég a%ﬂerat'ﬁ a'r sn'? %"péﬁﬂ?’f@ﬂg %f&' dre'I' i)éﬁwg%c"l\atr'%tjrsl'ne

comon fi 005§] Toermakdf cake 642 um:lmdes anl activating Lnirsm’s &3 whichi ialcpytrolled by a

si mul Béne‘égﬁ%r%ttﬁe %oﬁt\?ﬂ%lf ﬁ‘m S'PQ%%@Jabﬁlefﬁfe];et R Lciedelifd cGitfe efcf eatplafe. Thus

a parfticul unctioning, can have Its air
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this manner a common firing command can issue to all air guns substantially
simultaneously with a control signal sent to a selected cut-off valve. Thus a particular air
gun, which might be malfunctioning, can have its air supply interrupted using the
25  selected cut-off valve without affecting operation of the other air-guns commanded to
fire. Once activated, a selected cut-off valve continues to block air flow to the affected
air-gun to avoid unnecessary air leakage into the water.
[0056] Continuing with Figure 6, the telemetry interface 604 is coupled to the
microcontroller 614. The microcontroller is used for local control of, and communication
30  with, the several downstream components of the present invention. The microcontrolier
614 is coupled to appropriate A/D converters 616 for communication with DT/PT
transducers 618 through a sensor interface circuit 620. The microcontrolier 614, through
the A/D converter 616, also communicates with a gun timing sensor 622 via a gun timing
sensor interface circuit 624. The power supply 602 is used to charge a capacitive



. 25 selected cut-off valve without affecting operation of the other air-guns
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information, to command an air gun array by sending firing commands to one or more

gun control modules.

'[0060] Each gun control module receives commands and power via communications
25 and power busses extending along an array umbilical. Each GCM than converts the

commands into local firing commands that are created using timing signals associated

with an air gun operated by the associated GCM.

[0061] The foregoing description is directed to particular embodiments of the present

invention for the purpose of illustration and explanation. It will be apparent, however, to
30 one skilied in the art that many modifications and changes to the embodiment set forth

above are possible without departing from the scope of the invention. It is intended that

the following claims be interpreted to embrace all such modifications and changes.
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. information, to conmand an air gun array by sending firing commands to one
or nore gun control nodules. [0060] Each gun control nodul ¢ receives
commands and power via conmuni cations 25 and power busses éﬁtﬂﬂﬁhﬂﬂﬁ al ong
“an array unbilical. Each GCM than converts the comuands into local firing
comandswid@lo7éuse created using timng signals associ at eBCTABENSE ai r gun
operated by the associated GCM [0061] The foregoi ng description is
directed to paﬁ;aggkﬁgn@gggdlnents of the present invention for the

pur pose of illus FatTon - and explanation. It will be apparent, however, to
30 one skilled in the art that many nodifications and changes to the

embodi ment, set AF%&)Fgraﬁgqu%@%%ﬁrﬂlgﬁgg%gc %(%rp?%o ggg@réﬂmerf ESfprisiey: scope of

t he i nventi on. I Nt ende . . oW n cl’ai n8 be |nterpreted to
enbrace all sueh nodiurglity obacpusiieiseumegsgtisposed in the body of wasep yherendis

PCT/ USQ3/ 08122  Wha ntBRAGLBEY S Weter RPOP ABMatioNg of
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acoustic sources di $pporeasicsaurreSbody of water, wherein the 5 acoustic

energy is pr opggat ed flrﬁt&nﬁa%mdl%os\éﬁﬁr@fhemﬂ}‘ ofwhiel fr ceftraiing dt east
acoustic source first control nodul e di sposed in the body of water

for controlling at IOGaﬁthemHéa‘BYOiiF@UﬁlCtﬁo&quﬁy of acoustic sources; c) a
second control Jroduly ese‘éhr?cpeo“f@r‘él thfﬁl@@lsBQéBG |ﬁfthé/\@éd9rofﬁ/ﬁtérﬁﬁdlbduﬁﬁfedt©théle 10

first control rmdule e second control nodul e generati ng%ra %ﬂf‘?
ol

conmari@ based on ondirgr Congiob MRduUaelngr $850BE FUWE BYPYIEe

nodul e; and d) an i RiginAeensiRMi &if ofe TPAFGE Paramelcfiracenae! byt el sepohdie
plurality of acoustic sources, the interface device transmtting the one

or more 15 par amet €08relgn@diie; 888ond control nodul e over a hi gh bandwi dt h

telemetry changel. g lnTér%cémic@t éﬁﬁp&fedcd)rﬁlamdu vedrel edwing hiee pluraliy idfy of
acousti c sources conprlse air

appar f claj
wherein one or nore dPUslice SPYrEeS tgﬁd'“?ﬁ@%%cﬂ‘*&?ﬁt&%?sm%h%dﬁ ed |nc‘lmu 2€ at
| east @ne device selfgifeefdOMhd secand eyntrs modaleaver abigh bahawidth telemetry

channel.

2. The apparatus of claim 1, wherein the plurality-of acoustic sources comprise air

guns.

20
3. The apparatus of claim 1, wherein one or moré of the first and second control
‘modules includes at least one device selected from i) a:device containing global
positioning system timing information; and ii) a telemetry device for communicating

coordinate parameters between the first and second control- modules.

4, The apparatus of claim 1 further comprising a first sensor for sensing depth of
the first control module and a second sensor for sensing water pressure at the first

control module location.

30 & The apparatus of claim 4 further comprising an analog to digital converter for

converting sensor output analog signals to digital signals.
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positioning systemtimng information; and ii) a telenetry device for
communi cating coordinate paraneters between the first and §gwg&§ntrol
nodul es. 25 4. The apparatus of claiml further conprising a firs ensor
for sensing depth of the first control nodule and a second sensor for
sensi ng WYDBOM&sure at the first control modul e | ocati S4B 18 The
apparatus of claim4 further conprising an analog to digital converter for
convert i ngésenstine apgapatus ahclbing1,svigereih she rsidéapirdlanodule isad plurality df4NMUA006
WO 03/ 0790 PCT/ 3 . s [ ' first
control rm%'gfjlélglg’seléggpc{fSlgelaa%{a;}nyogﬂgo@%?f%f)%gn%8%4“5@{"8&% rllofc#\é]tg {’fcgﬁ H@Fi ty of
control noplutaity of @anowsic lsourgesmne of the sources in the plurality of
acoustic sources. 5 7. The apparatus of claim®6, wherein the second control
module is a plurality of control nodules arranged in an array and coupl ed
to two Br #ore The appargtusmidiaimi 6, whdreindbaseegndnesiiobgodgle iTigepldireft us of
claim2 fu ISl ; - I i 1 0;0f air
guns to co%{ﬁr}gop ngt}%gfé% lagtvaﬁg%@érggﬁ agr%irta\ég C\Sﬁﬂ?gf‘%@g 81E Hgai@kngémgt, bl}ﬁ[‘laggyc?jt-off
val ve bei ngontsbmoddleed at | east in part by the first control nodule. 9. A
met hod of controlling propagati on of acoustic energy into a body of water,
conprising: 15 a) disposing a plurality of acoustic sources in the body of
wat er, wheBei n fThe apparaiystdl ¢laim & fysthercopipepiag at eiroff yalyetoeuripd de BEralijt er
upon aghl vay !al?glyﬁé to EdHEOPEPHEW & eSHHEGRE blu}?&lit)ﬁ;?rgirr @.Hs',ﬂ'% @k-off SBRE bRMG Of

the plurality acoustic sources using a firs control nodul e disposed in

t he body ofcoRiEalled at iggstdn pgéRe thetfirsigortre! imadhlg- command from a second control
nodul e di sposed in the body of water and coupled to the first control

nodul e, the firing conmand bei ng generated based at |east in part on one
or nore pé& anefefethod i sragolys PrrPagaicine MBI OENGFY Nt 2 Bedy g) water,
transm ttiRgmbR@n@ne or nore parameters to the second control nodule 25
over a_high bandw dth tel emetry channel using an jn erfafce devi ce . 91I sposed
on a tow vessel & ow A§PPFI Blpﬂ‘?;%ﬂtﬁ’ Copstic SUECES in g ody of water, wherein the

acoustic energy is propagated into the body of water upon activation of

the acoustic sources; )
b) controlling at least one of the plurality of acoustic sources using a first
control module disposed in the body of water;

20 c) generating a firing command from a second control module disposed in
the body of water and coupled to the first control moduie, the firing
command being generated based at least in part on one or more
parameters received by the second control module; and

d) transmitting the one or more parameters to the second control module

25 over a high bandwidth telemetry channel using an interface device

disposed on a tow vessel towing the plurality of acoustic sources.

10. The method of claim 9, wherein the plurality of acoustic sources comprise air
guns. '

30
1. The method of claim 9 further comprising providing communication between the

first control module and the second control module using a telemetry device.
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. 10. The nethod of claim9, wherein the plurality of acousti C sources
conprise air guns. 30 11. The nmethod of claim9 further ai n&c

provi di ng comruni cati on between the first control nodul e a ond

“control nodule using a telenetry device. 15 14NOV20 WD 03/ 079050

PCT/ USO3/W813279a®. The net hod of claim9 further conpri siPGE/WOHRAIY cat i ng

coordi nate parameters using the telemetry device. 13. The method of claim

9 further 1020”pr'l'h§'rﬂ&h6é giel 5'ﬂﬂﬂwe?IcQR?\l:surE&)édrﬁhgﬁ\b%g%FoﬁﬁHte ParahiEtdid

paranmeters to at | east one control dule and the second
control ItBeteMT‘EtWVFﬁ?E hod of claim9 further conprising sensing depth
of the first control nodule using a first sensor and sensing water

pressure at the first control nodule 10 |location using a second sensor.
15. The netdhod & wethpnel glaim 8t Hehercomprisiag Hgnerpifing-aiehal Pasitiening s¥tasut put

at |east wrRg %ratnh'lﬂerfs'tbsét 18881S6He aNethie SREBNFMOBBIRSMHY the $HcBhd @bntrdignal s
for processin 16. The nmethod of claim9, wherein the first control

modul e is &° %%rallty of control nodules, each of the plurality of contro
nodul es controlling one of the sources in the plurality of acoustic

sources. 17. The nethod of claim 16, wherein the second contr nmodul e is a
plurality e olhecBisinod ohs@im e"sf%hfe&ﬁﬂ@ﬂmf“ﬂﬂ &RNslpg Lertngl thsy ISEGO‘EtEP‘t Wwo or

nore the fibdille Rsingad ifitst Senso€ aRd Isehsin® Sisked Spreddlire Hiaheikd1sbnebl Mbadlen 10
further congajy nlg contro Ié{&g air flowto each of the plurality of air
guns Ud ngosPtiopusihp e seap bled the plurality of air guns, the cut-off
25 valve being controlled at least in part by the first control nodule. 16

15. The method of claim 14 further comprising converting an analog output at least
one of the first sensor and the second sensor to digital signals for processing.

15 16. The method of claim 9, wherein the first control module is a plurality of control

modules, each of the plurality of control modules controlling one of the sources in the

plurality of acoustic sources.

17. The method of claim 16, wherein the second control module is a plurality of
20  control modules arranged in an array and coupled to two or more the first plurality of

- control modules.
18. The method of claim 10 further comprising controlling air flow to each of the

plurality of air guns using a cut-off valve coupled the plurality of air guns, the cut-off

25  valve being conirollied at least in part by the first control moduie.
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