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[ 0001] Thw® @3rovensdi on rel ates generally mari ne sei sm ¢ surRCayssoansi2eor e
particularly to 5 an apparatus and nethod for controlling marine seismc
sources such as an array of air guns. 2. Description of the Related Art 10
[0002] In marine seism c surveying, to obtain geophysical information
relating to the substrata |ocated bel ow the sea bottom seism c sources,
generally acoustic transmtters, adapted to produce pressure pul ses or
shock waves under water, are towed beneath the water surface behind a
marine vessel. The sho®IGHAeAIRGUNSRVRCE GRNTRALLER st rat a beneath t he
sea where they are ref ARRARAEHI AND CONTROLLMERHOD t he 15 sea. Sensors
(usual I'y hydrophones) are used to detect the returning shock waves and to
out put signals indicative of the detected wave. The signals are processed
to generate wuseful data and to determ ne the geophysical structure of the
substrata. [0003] Air guns or gas guns are frequently used as acoustic
transmtters. Usually, sever 3@ackigfoutidlsF the fnitinfiefd i n spaced relation to
each other in a subarra One or nore 20 air gun subarrays are towed
behind a rhrin ;%fé!l@ﬁ@ﬁ%&gﬂthe sea surface. During operation, all air
guns in a subarray are activated sinultaneously to produce a desired

overal | pressur ulse fromthat subarray. The pul se characteristics, such
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of the pressure pul ses produced by the 25 individual air guns and the

physi cal #48ngenent of the air guns in that air gun subarray. [0004] A
typi cal gun controller includes a shipboard central controller and an

unbilical _leading out to the array. The unbilical typically includes

mul tiple d%theeagﬂg@ea&_%M@s%d_% 03/ 079050 PCT/ US03/ 08122" power
conductors, air conduits and a strength nmenber such as a heavy cable. These
unbi | ijgal [OGUIf}'Uﬁtr%ﬁné ¥Bisfd birvbying,t tot dSlﬂalﬁUg“éb@hy@éal tigroR HatfPUrefeflifig a8 khbi M t

the anount of offset between the shi p and array, because the |arge size
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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 pulse characteristics, such as the
frequency, bubble ratio and amplitude, of the overall 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 controller includes a shipboard central controller and an umbilical
leading out to the array. The umbilical typically includes multiple data conducting wires,



5 [0005] Air gun sources are preferably activated sinultaneously. And

shi pboard controllers have been inproved over the years to help ensure
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[0007] An addltlonal drawback of typical current 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 corrective
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



val ve incorporation at a gun controller level. Summary of the Invention 5

[ 0009] The present invention addresses the above-identified drawbacks by
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novel feature nventrt on nve ronits
best 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 firing 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 valve preferably
includes electronics and internal manifold valves to select among the plurality of air
30  guns.



understood fromthe attached draw ngs, taken along with the follow ng
description, in 5 which simlar reference characters refer to simlar
parts, anwae/omiseh: Figures 1A and 1 B show a nmari ne sei SHGTEUSHANS122
acqui sition systemaccording to the present invention; Figure 1Cis a
system bl ock diagramthat represents the systemof Figures |A and 1B;
Figure 1 D shows a corrputer systemused for the QU of the present
i nvent i on 10 Figure 2 is a bl Grief Desgriptiorn6f tie Drawingsrent of the renote
control Fi I to
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coupling 26. The cable 1871 ncludes conductors coupling the array
sources t dTESRMEWRNYR: controller. The array conprises several individual
acoustic sources 16. Wen activated, each source produces an air bubble
20, and t HAGHFRS? A alblark dearanatp show Tasrealelidetpildoe in-watet comeongsisysed imj ¢
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[0014] As s own in gure 113, each source conprises several conponent s
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control noriglhee @4 4 BiBcREgMns bf alternative embodiment of the gun control module
including a remote cut-off control for use with an air supply cut-off valve; 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 controller
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 controller. 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 1B and 1C, a source elenent includes a gun control
nodul e 114 5 for controlling the individual source, a hydrophone sensor 118
for acqui wiong/oaoasear-field response from each source, a dEartsososnsducer
for acquiring depth information, and a pressure transducer for acquiring
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invention. The interface 102 preferab I nc(F udes a conpute
20  module 24 is coupled via a second umblllcal 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 18 includes a plurality of air gun control modules 114 (only one is
shown for simplicity), and each gun control module is connected to and controls at least
one air gun 116. The gun control module (GCM) is also connected to one or more near
field hydrophones 118 and one or more depth/pressure transducers 120 (DT/PT

30 modules). The array may include an optional auxiliary unit 122 when additional DT/PT
modules are desired.
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20  206. Allinternal couplings are typical electrical couplings known in the art.

[0022] Figure 3 is a block diagram to show in greater detail a preferred arrangement 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 314 is
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.



includes digitizing circuitry for digitizing signals at or near the
acoustic source location. This local digitization reduces adverse noise
ef fects and® 03rgvisases upstream processing capability. |nTUSBesRed
enbodi ment, each GCMis used to digitize si gnals from5 peripheral sensors
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the auxi 1P Eadne B arpBics, MCREBF Bk shofl .24 B w P EBaL o

324a-c. 154tweavtoriel anits agl aibmurme elegentss wiicB redutes dresiutebénnj cohduderaer al

description_abo skilled in the art would understand the foll ow ng
addi ti onal reaié'é%“’r/%b? %t'% Ihd associated advant ages realized by the present

t 2 T f | I . i
S st age oy PR hal A R4 & iedob AT ln BHRRINEE of hiPgdt Bl
i nventlilon 3ddal eAssutH, theiaugiliayitsanaigis sempigtely aporalr Wiéhert apdd shaadxiiatisor s.

As exi sti b I d
dser can oqafys b MaRoaB) Ren 3h skl S 322 Hhe HBRlarp oM R¥ourkedioPl g
tﬁ t]tl_e p{ esrendr mmsedﬂpthfpres[smfezs}a]nsmr@mmwsm -of Tthleeaqzﬂles'eGGM im\sémilaron i s
the firs S r I t

provi des t PM]yn tﬂéét F eénl%(g%{% ?e@w pérega\#\%ggva'@ﬁ%a%g{pugé%@%%ﬂ?cQF ion
bet ween t hmﬂianpbrand\ péréphieral wansar etepmarteswuobrasrtbé DIVRT madulee 324araki ng

existing in-water hardware obsolete. The first stage of the present
i nventlison j0827)r Refedirg navotwdfigureg -8 @nGOMssideting tROperiedd destiigiioo abdve, wner f ace

102, dt | .
coupl i ng canleBer pa3sERoYH R et IR LGS et 5T 28 SeBltea
reduced rraa&/aatugeexeailael@dyH@ng‘emntmebmm\een the ship and RCM as conpar ed

to existi ”ﬂg%ﬁﬁiﬁﬁemgys 106%lfthce Jsélﬂ 5]'{' A su |Iey3§ §3$9stgﬁ1ttﬂat allows

comuni cat bus arra
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and tear, the end user can easily upgrade by adding other advanced system portions
according to the present invention.
[0029] One embodiment 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

25  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.
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cont r ol 5 nogyl f34or[ 0033] Anot her enbodi nent of the present invention is the
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the renot eaﬁ(?ﬁ'Wa%r_IWBglgrQa R 5r§€(WA§\r}' f3r % cggﬁ' ucg‘ FSLABLAMEK g%o@{ Y
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central contr statlon oard User 1 ntertace suc
navi gat® onalodulgianddbe pure gontepl moﬁéhﬁﬁt e Control Mdule (RCM positi oned in

the water. oﬁesa wh%@%r%@ﬁmaﬁt f StthFe @ge;ﬁﬁtlag@;egg m.ggﬂ}eprtmq] J' “ TR
(517

control fo strin nitia
is a light ambg@lifna@hm pisyatent baying siidgegba r@mumiamortfmmmﬁnobtatemln A| fmer- a DC

lin I I u GCMs)
B Fanged | PROCorimlABCRAR lohdan el e i I BRI mdlhfi o ol
control anshiDWilbEONFRsysiemdulkeansd di2g foribgsiw Fhip. Jhisseide band eyrtemringudes des

scal ab} ¢ eﬁ&‘ﬂoHBhBGs Earﬂfal e WaRAER PHURIREE difhoe %%Z%Mefér%e&%p%'g fitFof

systens. e system al the use of existing communi ca

t echnol ogy CemBRNICAENRENR tvi Wh@lew teé@mmfrom(ﬂw shmo apadaeased apaballdonyrol  The
pr esent ing@%ﬁ on provides in-water distributed gun control that reduces
the risk o single point failures. 30 [0036] The present invention

provi des ath¥3#ic Adshigeaard nser fnieréaceTsushsad pbeavightiosadrunit coupled to a Remote

Control Module (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.
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shi pboard sy.sfem [0042] The LN eral above enbodi ments provides
di agnosti Cp%’lﬂ{]%o[niwrghmc tﬁ’ba%ﬁr?ﬁst ey%ssteL@ﬁ?(Zlﬁ?ﬁﬁ&l enents of the array. In the
event of a[ogdn] boatioobineus feantbadireerds, thBSRGAVE pravuesasaunce stiingodutsadrey Ifomi t s
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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 all elements of the array. In the event of a gun controller failure 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 alternatives 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.
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shi pboar d caotoled BE3 ig IrefeTatdy Jyrthasncouplsat toolal eet\/\mls bagkhnnef é‘rﬂatﬂnyl fauet her

coupled to Y ort
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optic andlucludem a b‘lh:ter capiicd cendustionat butebquld n@tan@ailvalmylr@tuder any ghherbigiwi dt h
conduct or A}(ﬁL&Eh 15 4 further shows ot her conponents preferably

di sposed s% I pboar ese conponents are power supplies 418 and user

i nterface [#He46]cEgusted furiives spowelothes ugppmrmtmg@fmt@hmsb@s@ shiphgiaed. pbogse
et er - coApEHEniS Y O RRARS e RHALJect ieded eRBgCiZY, Sl pludine
suppl i es tsupptiey #1i& migvde a emglaqdov@r singy capebleefesupplyingricues ta gverisging

par 1 ct ar qeipl Witf e ey @ confonEhs 1R, & hEFeSHORERE rRpEER! G2 pillon g
a nonitor wmbllemmmra!/eiﬂ r@verGnesgohesfiing: edihe uaereinfesiaee 420 amighbliiewisenbe Ber
such as th ﬁgéebﬁiol%ur?gl%\’mteHQ 4: quée%lr(]-zd %r t$9 ELQQ@Z %LEU&/ nlﬁté"%relferred

backbone 414 pre erabl'y couples a user rnter
cont r ol | er edhb@dimiEng erwhwn’uekfatmémmuwd%& mwnﬁ@npmmduoubdevm h QmomeGdel €ess

Lol e R b 3 00PAh SR YoaaUsL o LRI raglg 2L s such
of fi ce2@r e[004T] 'sTh@thmk datidonbrdddi prgferably couples all user mterfaces to tﬁg r;y;tgm
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 fo 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 collectively 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
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[ 0048] The shi pboard conponents 404 are coupled to the in-water conponents
402 by 25 coupling the unbilical 406 to each string 422 at an RCM 424. Each
string 42wWa®/079sbst antially as descri bed above and shown HaQT/BH0goses 1A- 3.
As described above, a string preferably conprises a plurality of sources

426 shown %’o@nﬁ@&'%é?@a?ngtléﬁgeof%gmce%ﬁﬂ erI(S"}]spé} OSQIB% WHS@ h%%rrf:abl e
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use by internal RCMcircuitry t cribe ter e power supply 502
passes su pbﬂ%/ ap aepciglgd rhemany rdeyige(Adeopstorng areeand\posti proeassed infonmatione r
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any nunber own devi ces, for exa
sem conductalemetst ink 508Npre @bl)téﬂCIL@Ieé@f\rolpti(aflbﬁ?rr(ﬂ@TrSQP@éatW@hD‘@nB‘OBprON@Urg es

t he shi pbogr [ Y 508.
e P erar B APk ey R0, 08 N U IR kil O

shown) 24 or highdandiséh cenduictsrs auwe @9Iﬁctfl@al@ﬁ@@uc§or54 nk. Alternatively, the
link 508 cagpsinghedpticdIntoHsHe5069E coupled to a 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 controller 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
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20 hi gh bandwi dth conductors as well as electrical conductors. [0051] The
optical interface 506 is coupled to a circuit for transferring information
to the naioN307As0i ce 514. A preferred circuit configurat iRET/UH3a8122
asynchronous transfer node (ATM controller 516 coupled to a direct nenory
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descri bed refek 03/ 079050 PCT/ US03/08122 above and shown in Figure 3 with
the additi'onar & enents as described bel ow. The nodul e 600 includes a
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to an | V] Vi I ROWS d b
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separately, f C ce.
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ouele onal S THE Futter 88 BIBNASRE A adibenGAEREANEANICD s AHIILEY o
cont r 020 edsigmaldramn she conitadidr mné’rreferably, there is a cut-off valve coupled to each air
gun and each cut-off valve is individually addressable from the microcontroller 614. In
this manner a common firing command can issue to all air guns substantially
simultaneously with a contro! 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 fo 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 microcontroller
614 is coupled to appropriate A/D converters 616 for communication with DT/PT
transducers 618 through a sensor interface circuit 620. The microcontroller 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
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using the GCM or Auxiliary nodule as a control source through an internal

m crocontrol |l er 614. Thus, the valve 612 provides in-water control to

i ndi vi duawogsris9osmi t hout affecting operation of the air swugpl/ysososae her
guns, even under failure conditions. [0055] The cut-off valve 612 includes
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cut - of ecting operation o he ot her air-guns’ conmanded
to fire. bstandelly watdascribeds @bevs @dd caiownf in Figures cohtdi n&ash traodulleo F00ai r

flowto t'(}ggfé %@i‘irﬁ:ﬂxde@'a{n % n%cboWé?' g?ﬂﬂ?%ﬁ%%@ﬁ rlabﬁs h?xﬁgﬁ%evdn%gg a"nbe

wat er . tinuin el ene erfac
coupl ed t ocurreat uaéd:bsotmmanouss elrcun‘imesa'lb@d rbemo%mlemeﬂnernter@cawwlt ms lsocal

control of, eu%lé% %ﬂg&];/i”it)cﬁ%érc’iﬂforrﬁgtndﬂ tbt] (Pfa%ﬁ‘é%%' I C\gg%fhrogé\”ﬁ%”p%%”ts

of the pres I NV he m crocon to appropriate
A/ D colitver misrecopitrglierds cewmediia @aommntewnz]f@nbwnumcradung oniiber serGoBintérfapegh a
sensor int I G Ui {10 4, t
converter AT H14 o TE SerRl e RReT AP kol 1 an b SRyt P S0
timng seesevingrslepitf andepressuse inforg@tion frhm Q)Hﬁértragaqhmeps BB Bhpen bs@d to

h ' it .626.
The. onar gt oo Relifinag e et SRacs BRtrBEd <boud aftidlBen Th ithrest 00
act i vat ed, 1A47y es methadh of di@utmtew vaitad réade peieBiy sHivgy rwall bei desgribedckin

di f ' l.e . di

o Cabpr ettt SiEH L STRRGL BENLo 1 gfter HedBh Sl Sl fine Bha ORGS0
power bus m}am@t&lis o iting comtral isysteme| Enmeusgr @nsb@dntateﬁh@imhmdassiﬁgan B4 are
substant i aj Ly, %ég%?e‘#ac@%‘i’ tﬁé’ﬂ%’e‘? c%ﬂdnesﬁé?ﬁm?lg rb}!ég&t’us‘?ﬁ%éﬁ‘irﬁ?ﬁ%%g&%w& 700

preferably 1ncludes an terna nver rto
vol t age arithe systermevia auebebripackbone and soewe ireless sordesivichiinns teaininues A

tel emetry f0959jnr HAcE eﬁ’feF ltllie I%gnirambﬁ%%q,i%lsféﬁjreg tb %ﬁtulﬂéva?é? ctohf?ollerr"fo% dhlggnab us
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sensor i nt SEEAEIREM) Uk tHelfarsferfidURtoRflafidh, #NcdriRtttio With Whliorat &P Liming

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 skilled 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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receiving depth and pressure information from DT/ PT transducers not shown
here. [0058] Referring to the various enbodi nents descri bed above and shown
i n Fi gurewO GA7R50a net hod of distributed control marine FETEWS06/08122Vey
will be described. In 15 operation a user uses an input device to enter

i nformation suc Sthmng:and control paraneters into the control system
The user can bewhgﬁgtdé%hgﬂf%board using an on- board user interface or the
user can be renotely located using an interface coupled to the systemvia
a networ k packbane,sadlignblolhd-Ahg StoREEHBIGE 3ith Atbdh BFRAA USRprishB05°]
Once entered, tﬁ@ Pﬁ%‘%r m;%ﬁ%i t_ggngﬁr r_edg?o_anrbl%n&wat er ’contprng{n er over
a high 20 bandwkdt h 8d®Hrality ohacavistic Feuires diprosed-indtechodysritwaign whereiptheed
within renmote cont ; IBF%QE t k jorfor0Rt 0 1N
conj uncfi on with opt %génugf'g%ggﬂg? ilérri n g?%? grr“tr?anlﬁ?otﬁ,ap? E%o%r?@ éﬁlﬁ%l}drn (gun
array by sending fi rfhegpooustieeasdsceso one or nore gun control nodul es.

[ 0060] Each gunjgontyae ks W (=

comuni cat i ons b§5 a%lg&sggemeﬁﬂrr&m(_{s@geg&%@%gﬁ i ngr@Xﬁ’gq’S%Q\ﬁcé’;‘h@H%? ﬂ Igg?t-
Each GCM t han conver o8e phibe piuatitnaiicousicsausess! firing conmands that are
created using tjy ng %ﬂ{y i I£ih t i r he
associ ated GCM l:{nOOG_aL]%le e %8?25@%‘%‘5 ggg?:érlgiotplﬁl @b(l?dgroé?}régbg?g@ C’?ga%glr?%ﬁgul ar
enbodi Hents of the pfitstesontroli masite; othe f sacondecniiohdseduls denerating a i fimgand
explanation. It will c&ﬁrﬂ%ﬂﬁ%ﬁ@& ’onhBH@\é?rmorEﬁ%argrﬂe%P@ réé%'i\)ebeﬂ/ kb %Q@or@rt
that many nodifications and changes to the enbodi nent set ftforth above are
possi bl e wi t hout depeentrahgrodiieinthe scope of the invention. It is intended

and changes. 13500 o5 Q75FRE" SEYPEBiTsE] ShP YN, 6wt e iy ot | one
apparat us for propaga€edusfc azoirssi dherietegged wewica aniEng \iae eane ebrpeiesi ng:
a) a pjgyrrality of acgé’r%}ﬁe‘feré‘P&'fh‘ées%cghosMﬁ%ﬂﬁfgawgweﬁfﬁ%‘%’g%n&@iﬁﬁ{ tele‘mﬁl\ryg' n

the 5 acoustic energy Is propagated i1nto t ter upon activation
of the acoustic soufbamelb) a first control nodul e di sposed in the body of
water for controlling at least one of the plurality of acoustic sources;

c) a second control nodul e disposed in the body of water and coupled to the
10 first caéntrollhergapareiust ofeclaimcho ivhesein thepluralitiuefeacgustior aUrers ePMArise il

guns.

20
3. The apparatus of claim 1, wherein one or more 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.

25
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 5. 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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command based on one or nore paraneters received by the second control
nodul e; and d) an interface device di sposed on a tow vessel tow ng the

pl ural i t ywafo3/eaemsasti ¢ sources, the interface device transdwisodngsmhe one
or nore 15 paranmeters to the second control nodul e over a high bandw dth
tel emetry gchanmgé apgaram%f%@ﬂﬁr1aWH§rém th‘élfﬁ‘étrﬂoilitrol"m@dlﬁé 34 Pfﬁréﬁh}‘éi@édntcrﬁl of
acoustic sources conprise air_ guns. : aratus of claiml

wher ei n on@oéwleﬁo%cfwf ti‘ﬁé"qr?WtOf&ﬁﬂtr@éEQﬁ%PSc‘éﬂmrP ng onsRftes speiepe it éheat

| east one gpmigeorsRbasicadufde@m i) a device containing global positioning
systemtimng information; and ii) a telenetry device for conmuni cating
coordi nate paraneters between the first and second control nodul es. 25 4.
The apparayus ofrhglpbatalud b SR/ 6C WRBFIP tHsdtoht 'htrSiR e fi®%a SIBRHty 8f
depth of the first control nodule and a second sensor for sensing Water
pressure afortrpb mgdulas arrnged dn aRoritAYeanceainleshto 8@ o mpree thepipat alutalitoef
claim4 fupbdiRyl nfieatREl Sing an analog to digital converter for converting
sensor output analog signals to digital signals. 14 WO 03/ 079050

PCT/ US03/ 08122 6. The apparatus of claim1l, wherein the first control

modul e is g plurgd 'abidar‘afusctﬁfﬁlé’lﬂz fdﬁﬂg%@rﬁpnéﬁﬁcg cgf off U@Iv@'cHﬂ@édl e @Lreﬁiﬁm rol
nodul es controlling one of the sources in th plurality of acous

sour cek0 5ofzair gHes %p%ﬁr@l 8l ﬂ@w te |eapfmp‘ethwmra@:tmf gifgusscasutelivale beitul e
i's a plurathdtbied at @aatlﬁgbnw%ﬁ@t &fn'ir%ﬂ%&hlé” an array and coupled to two
or nore the first plurality of control nodules. 8. The apparatus of claim
2 further conprising a cut-off valve coupled the plurality 10 of air guns

to control gair hl QwiHod &acdht@ling hﬁo&ldéﬁ&ll 'o? Bécgustlé“éneﬁjvﬂ'ﬁvto Tahﬁ“ocﬁ}‘&f %ferval ve

being controlled at least in part by the first contrdl nodule. t hod
of control FPABFISSGpagati on of acoustic energy into a body of wat er
conpri §§ ng: a) disposing a plurality of acoustic sources in the body 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 module, 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
11. 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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15 a) disposing a plurality of acoustic sources in the body of water,
wherein the acoustic energy is propagated into the body of water upon
activati owooi3/079d3¢ acoustic sources; b) controlling at | easiT/ @082t he
plurality of acoustic sources using a first control nodule disposed in the

modil 6 di agsed T RGBT et RISy ARG RRPEE ralithe e

nodul e, t hesifg theriglemetyeenidebei ng gener at ed based at |east in part on one
or nore paraneters received by the second control nodule; and d)
transmtting the one or nore paraneters to the second control nodule 25
over a hi gh3.bandie didthaceblectainr 9 furtren wemptising draasmittingeglétzal godidioniog systesposed
on a tg’v Milliy !pérgé{l{'e{b‘?? ttg%]t FP%éé‘E bt of AL f@&oébﬁrbtcm%%'lécaerﬁf thjeosecmﬁ JB'RErBPd of
claimg, eréin (' atolst i e Sources conp
11. The memieddieof claim 9 furt her conpri sing providi ng corrrrunl catl on
between the first control nodul e and the second control nodul e using a
telenetry device. 15 WO 03/079050 PCT/ US03/08122 12. The nethod of claim?9
further cofri siThg roethoumfcaaim§ tdberd coraprsingisansing depthu sf fhe firet comtrehet ry
devi ce. 13m025D|8 lgrs"?ﬁ&%d lr%{ sgk?drnér% fs @e (Nai:e(? és%r %tttﬁé‘q‘?{{] #}othltr? nﬂidﬂréal
posi ti oni ng System par arre eas one o
cont r o10 nobbebionaursing aleescmdcmdsmont roI m)dul e. 14. The nethod of claim?9
further conprising sensing depth of the first control nodule using a first
sensor and sensing water pressure at the first control nodule 10 |ocation
usi ng a setand Fheswthodl bf cla‘lmaMréLUerd cofmpds$iag worivering arhenalog wptpus ah tpast
converting . the: ] and the
second senggé;loftgg di gl ?ﬁ%&%d% §Irj S%&%@é@é‘?%ﬁslgﬁjg%i}g pgﬁﬁés%mgt hod of claim
9, wherein the first control rmdul e is a plurality of control nodules,
each ofs thgopl ural kel BB ! WIBAH B2 fisnbdilol hBEURNE bl SRMGER N
the plurality of acoustic sou

modules, each of the plurallty 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 controlled at least in part by the first control module.

19. An apparatus for controlling air flow to an air gun, comprising:
a) a cut-off valve coupled o the air gun;
b) an in-water control module coupled to the air gun and to the cut-off valve,
30  wherein the in-water control module controls firing of the air gun and the cut-off valve.

20.  The apparatus of claim 19, wherein the air gun is a first air gun, the in-water

control module being further coupled to a plurality of second air guns for controlling firing
to each of the first air gun and the plurality of second air guns.
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17. The method of claim 16, wherein the second control nodule is a
plurality of 20 control nodules arranged in an array and coupled to two or
nore t he Wastorglsaral ity of control nodul es. 18. The net lrad/eso3pérem 10
further conprising controlling air flowto each of the plurality of air
guns using a cut-off valve coupled the plurality of air guns, the cut-off
25 val ve being controlled at |east in part by the first control nodule. 19.
An appar atdls f orhecararaius iohglaimr2G; |wmreﬂrot%ﬁwmawategg@ntrqidn?ﬁul%swyis a 4iying

cut -of f Vado)’rﬁné?%%'aﬁﬂad; ﬁuﬁé“&wc?{r{e &HBrvaWe%g 5B EdntfoP i TiBly 9Bkt SpuP! ed
to the air and to the cut-off erein the in-water control
nodul e corqur\dwthom@ﬁ@?@n@pp@rﬁ@orapfrarymﬁtmurtam of gecappfaingdnge. 20. The

appar atus of claim 19, wherein the air gun is a first air gun, the in-water
control nodul e being further coupled to a plurality of second air guns for
controlling firing to each of the first air gun and the plurality of
second air guns. 16 WO 03/079050 PCT/US03/08122 21. The apparatus of claim
20, wherein the in-water control nodule sends a firing command to all air
guns and the cut-off valve operated to control air flowto the first air
gun wi thout affecting operation of any of the plurality of second air,
guns. 5 17
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