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BACKGROUND As surface-accessibf @§|&§§t §a{r§E§1Mons and minerals are exploited,
underwater deposits are becoming increasingly important. In oil and gas, for example, technology to
locate and exploit hydrocarbolr{1 degosits is relatively mature. In mineralized 15deposits, however, such

technology is in its infancy. C 5@@“9@ %ﬁﬁ?ﬁﬁt%ﬁ@ﬁ deposits of

hydrocgrbons and mhggralsingpptie R RissanalyRigeddagneroolallunesApMiciand disesidsurrent
("DC") resistivity measurements. In seismic analysis, seismic waves are emitted into subsurface

formations Q4¢P e R dtrsMR ulffraedRA AR08 2te dLIo Bl waAls PRt aR BiRtsAsk es
between diffgreaidyPemed iRkt WiB-disHilas Retsoisimradanses. MT is a
FIELD
The invention relates generally to geophysical devices and methods and
10 particularly to underwater geophysical devices and methods.
BACKGROUND

As surface-accessible deposits of hydrocarbons and minerals are exploited,
underwater deposits are becoming increasingly important. In oil and gas, for example,
technology to locate and exploit hydrocarbon deposits is relatively mature. In mineralized

15  deposits, however, such technology is in its infancy.

Common techniques for locating subterranean deposits of hydrocarbons and
minerals include seismic analysis, Magneto Tellurics (“MT”), and Direct Current (“DC”)
resistivity measurements. In seismic analysis, seismic waves are emitted into subsurface
formations and the reflected or diffracted waves detected. Acoustic waves reflect off

20  interfaces between different types of rocks with dissimilar seismic impedances. MT is a
low-frequency electromagnetic induction method for determining the subsurface
distribution of electrical resistivity (p), or its inverse electrical conductivity (o), using
measurements of naturally occurring magnetic and electric fields. In DC resistivity,
current is flowed through a formation and the resultant voltage drops across spaced-apart

25  clectrodes or magnetic fields produced by the current measured.

Several methods are now used to measure the resistivity structure of the ocean
bottom. In one method, coils are used as both the transmitter and receiver. This system is
analogous to systems used on land and in airborne prospecting systems (for example in
helicopter electromagnetic prospecting systems). In another method, an electric current

30  dipole is used as a transmitter, and an e-field dipole is used as a receiver. This system is
analogous to prospecting systems used on land, for example induced polarization
prospecting systems. In another method, a controlled electric current dipole is moved
through the water and E-field and H-field measurements are made by an array of E-field

1



low-frequency electromagnetic induction method for determining the subsurface distribution of
electrical resistivityqpy; or its inverse electrical conductivity (la), using meg@aranitms oivetag3467
occurring maghti¥/Bhd8lectric fields. In DC resistivity, current is flowed thi¥bhB24e A€o and the

resultant voltage drops across spaced-apart 25electrodes or magnetic fields produced by the current

measured. ,nd PEMEIALEASHIOHSHERAWUSRY QriueAsHtethad SovtMtly BivEiwe &f herpgean bottom.
In one method, coils arc used as both the transmitter and receiver. This system is analogous to

systems us&dWRlsd SAbRs Blesdioldageriirseing syatalagoupieiandld tnatiodistbP @iEttromagnetic
prospecting Syste Mak i@ rethelce)§ihosy Aissdesirisne g nh3ddipplans dsapaseianemitter, and an

e-field dipole is used as a receiver. This system is analogous to prospecting systems used on land, for

example indYEEPD BEAPZERSH5 BTG Sy Stere IR Brhosizanttheelly EFrimieytERead current

dipole is maygéitipuah dorwvatpsanddd-fielgnang Hifisldinermuis s A aipaaRIQ AN array of
E-field 1 P"r"nn1103467 PCT/IB2008/003467 and H-tfield sensors positioned at fixed sites on the

ocean bottof#§HRié 48 eHREHESEMITE ihomeld SdiRcE HISHIGIAAGHEHSN i FPRRB§EEE to CSAMT
(Controlled guiice Abdia MasnatantelikiaalispryayadiRaterNIang o feadlothebmethrge pipe tracking

EM systems primarily use colinear coils (normally two horizontal coils) for. transmitting and 5receiving

and detect PEHLHSRY KedBHARH B REE AT H BhdeA rRrhpReis hevansmitdfPalternating
current thropghsadiragialeatical GRINESHQmibia-& RIREIsfcaRisand thep e iredhereswiing

alternating magnetic field using a receiver coil. These systems can be difficult to deploy underwater. In
normal bracifel’ eRagusieya St datstheaisatursge bedecaBhatioiity structures and lack the small
footprint needed for small 10scale conductive oguegistiyR Yeatures on the ocean bottom. SUMMARY
These and other needs are addressed by the various embodimen%%%r)ld, configurations of the present

invention. The invehtfoh 10 dREleRFgEhRaAg s SS Gebp s dineralsiBth for detecting
selected objegisgpafiisil attyHe prastevalentdapplieationsidn & tiiedembedimnenti@geophysical

method 'nC|§goe§h§2?c§1t%§)est£od and system for detecting selected objects, particularly in underwater
15  applications.

In a first embodiment, a geophysical method includes the steps:

(a) providing a transmitter coil, the coil being oriented vertically;

(b) providing a sensor, positioned below the coil, to measure an ambient electrical
and/or magnetic parameter associated with a conductive medium surrounding the

20  transmitter coil;

(c) passing, through the transmitter coil, electrical energy having a selected
waveform; and

(d) while passing electrical energy through the coil, receiving, from the sensor, a
signal proportional to the measured ambient electrical and/or magnetic parameter.

25 In a second embodiment, a geophysical system includes:

(a) a vertically oriented transmitter coil;

(b) a sensor, positioned below the coil, to measure an ambient electrical and/or
magnetic parameter associated with a conductive medium surrounding the transmitter coil;
and

30 (c) a power source to pass, through the transmitter coil, electrical energy having a
selected waveform, wherein, while passing electrical energy through the coil, the sensor
receives a signal proportional to the measured ambient electrical and/or magnetic

parameter.



(a) providing a transmitter coll, the coil being oriented vertically; (b) providing a sensor,
positioned betow thegoil, to measure an ambient electrical and/or magneprpar eretes assE(334 §7fh
a conductivaV@ e &¥founding the 20transmitter coil; (c) passing, tHELARANE/MFAEhitter coil,
electrical energy having a selected waveform; and (d) while passing electrical energy through the

coil, receiving, frony{hg $RBSLAnDSANALRERPALRNAT IR MSGS Uk RImkieRtRlegiHGah s/ or
magnetic parameter. 25In a second embodiment, a geo%sicalcgsgstem includes: (a) a vertically
i

oriented trafdsatgsicat, the eleptiode AdiichdsiapradBehsiamacssin it marandiaBakipleht electrical

and/or magg&tieRasamelteicass apipiRsbnith % ceRductversaadiumy sy QuURing the transmitter coil; and
30(c) a power source to pass, through the transmitter coil, electrical energy having a selected

waveform, whereint WHTIEASHES RGaBeIFIeATERR Gy BASRIR ()28, tHE SN EsAYERe N S ignal

proportipnahin dbermaasipdramiienie belligal psommpanetisaarameter. P'r*'nn1103467
PCT/IB2008/003467 The_sensor can be an E-field and/or H-field sensor, depending on the

application. TheordBCRRCIRERIEL PGBt PR [EHSEHYST 62l pehishi b AR SAagnetic (B-Field)
sensor, as thgelesisuaRbmadngsiclieitscarertalatadPybatrday e @ailed infolhgigeasured

parameter can be, for example, voltage, current, frequency content, S5phase, field strength, time lag,

flux, and cofiBifdisthgslsemmasngtie rhasiadtHatioh hn ormsr fotisidhis COMSHHERTay be

excited simyliangRusdiseraheiffgrenidisngsoasa. used to provide more detailed information regarding
the electromagnetic characterjstics of the ocean floor. In this configuration, multiple sensors may also

be emffloyed. 10THEDPESISH veRtoh QaPREdas AuRhabel dhatirgsde uiBengitkf on the
particular copafigeRieanByunad el Bxamlefalarsanpupt ahpawesrrwbedisebaigeshipta the

surrounding, conductive medium (e.g., water) without havin% angé electrical conn%‘cﬁt{iqn to it. This can

eliminate cdfOsiBn SHFERHEHREFRI SRR HRE dULteit S a et td a&@.ﬁé&w%ﬁ Licatiude

eliminating petastiabhightpamey deltdaaisonreasdiiah bassisanned mighktdeusitdm agiditien, isolating
electrical connections fro%seaéater is typically done in sub-sea equipment design to rgduce the

probability SPRSEF cREGRS SERCERD BRI HBEUHS BOHHEAT LR VR ¥R SOLISRiT83Gance of a

transmiiter geikeancbefgietigchtorhadution oo difiarenidiaml tainet aons Yeim speakes: i¥herefore,
suitable power amplifiers .can be obtained without much difficulty. On_ the othey hand, if. one were 20to
generate cuUBITE U SEHY IR e SRR G 480 HECS e|8w?fﬁ%r(a, b creu

cable is pinched or a connector leaks. The electrical impedance of a transmitter coil can
be selected to be not much different from that of an audio speaker. Therefore, suitable
power amplifiers can be obtained without much difficulty. On the other hand, if one were

20  to generate current directly into the water through electrodes, the low impedance of
secawater requires special low-voltage, high-current amplifiers to get the same type of
power output. The coil orientation can enable one to direct the current field downward
into the ocean floor, at any angle and direction, which is commonly not possible with a
pair of current electrodes as the transmitter. In contrast, the Controlled Source

25  Electromagnetics (“CSEM?”) approach uses transmit electrodes. The invention can be
highly portable, which makes it suitable for highly directed surveys that can be done in
rugged terrain. The sensor electrodes can be relatively small and light and placed at
arbitrary positions. B-Field coils are heavier and measure fields very locally. If one were
to measure the resistivity averaged over the same distance (e.g. 2 meters) with a B-Field

30 coil, the coil would be at least 2 meters long. With electrodes as sensors, one typically
need only place a pair of them the required distance apart for effective measurements.
Furthermore, because the local conductivity will change near the seafloor, the induced
current will channel into or away from the bottom. One or more pairs of electrodes can be
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seawater requires special low-voltage, high-current amplifiers to get the same type of power output.
The coil oriewstatiorpean enable one to direct the current field downward ifTE BEeantoe!y0 3467
angle and dW&tEHH/04HEh is commonly not possible with a pair of current eREkHERESAYIHE
transmitter. In contrast, the Controlled Source 25Electromagnetics ("CSEM") approach uses transmit

clectrodes. TEag QUETHRBENI9e gy BACaRlRgWEIOh males iaialln o6 bishbdpestastrveys

that can be done in rugged terrain. The sensor electrodes can be relatively small and light and placed
at arbitrary pSSRrEIBTRer EBIROBIE heavier and measure fields very locally. If one were to measure

the resistivity averggeebQyRr dRSaveHistaneR! & apgamnatarshwith aBibJetd ieoihdhgieailsyould be
at least 2 meters_long. With electrodes as sensors, one typically need only place a pair of them the

required distaREENSARRIIR effective measurements. Furthermore, because the local conductivity will

changesnear the sqaflagrnthg ipugecaiiyartaMilebanaehiie or duahirgm AReRatters.«Qpg or more
pairs of electrodes can be P"r"'nn110346/ PCT/IB2008/003467 located to specifically monitor his

phenomenor ERcBdesCis SEAYSES #af AL Rnge AtRsarsddnechangsestosiirde. It 1S These and

other advanipgas vélhbe @ppRaaBkia thendisclagureint hgdpvaiors)iagni@ined hey@in. SThe term
"a" or "an" entity refers to one or more of that entity. As such, the terms "a" (or "an"), "one or more"

and "at least¥ieh 53 used interchangeably herein. It is also to be noted that the terms

“comprising”, "inclugipghraid "having osan tméseehbrerchanaaally: b phasasd akigasione”, "one
or more”, and "and/or" are open-ended expressions 10that arc both conjunctive and disjunctive in

operatidn. FBHAEMME coBE Shh A bustNs i PResohetor Ax ety eachof fBsst one of A, B, or

C", "one or gipreselofs BaraniGhe' ona 0B mare ofAs Bagiohs angl,"s, & @ndisicGr meansrA alone, B
alone, C alone, A and B together, A and C together, B and C together, or A, B and C together. The

term "autonftitPshd VAHESLROTHEEf BaOTSedHerainBrensdotd amrprs cbalored? ajfsiaton done

without matgisakhuraad Brigewbe MtbedroeRster, SPpaiatomisAREUMEd HRIE eEcth&0CESS Or
operation can be automatic even if performance. of the process or gperation uses human input,

(3 k)

whether material of ¥nFisferfli FERLR D SO HRISN U c A HSREISFENe SETEH SR 8RYHINC B man input

is deemsed torlpdnaieridbifswihdopuliriiveneeabhawihe R oessrotapeiBsiatMmihbie performed.
Human input that 20consents to the performance .of the %rocess or,operatlj;ggﬁi{s not deeri%eg‘ to be
"material”. PeTATRIE I OEHY B A B RTEH M s G S P S P YERe PSP TR B I S torage

and/or transsrissignapdidtivinakpadiaipaliepin, pravidirginstiuchpraria R eassosddetecution.
Such a medium may tak%&%ﬂ%forms, includin t not limited tg, non-volatile me,d')a, volatile media,

and transmiSicH HAGFL Fatib iR Q1P AR AR RS et or optical
disks. Volatilgpmegitusncksdesy the process or operation will be performed. Human input that

20  consents to the performance of the process or operation is not deemed to be “material”.
The term "computer-readable medium" as used herein refers to any tangible

storage and/or transmission medium that participate in providing instructions to a
processor for execution. Such a medium may take many forms, including but not limited
to, non-volatile media, volatile media, and transmission media. Non-volatile media

25  includes, for example, NVRAM, or magnetic or optical disks. Volatile media includes
dynamic memory, such as main memory. Common forms of computer-readable media
include, for example, a floppy disk, a flexible disk, hard disk, magnetic tape, or any other
magnetic medium, magneto-optical medium, a CD-ROM, any other optical medium,
punch cards, paper tape, any other physical medium with patterns of holes, a RAM, a

30  PROM, and EPROM, a FLASH-EPROM, a solid state medium like a memory card, any
other memory chip or cartridge, a carrier wave as described hereinafter, or any other
medium from which a computer can read. A digital file attachment to e-mail or other self-
contained information archive or set of archives is considered a distribution medium

4



dynamic memory, such as main memory. Common forms of computer-readable media include, for
example, a fleppy disk; a flexible disk, hard disk, magnetic tape, or any otjpermatyfenio med 6
magneto-opERPHULREHR) a CD-ROM, any other optical medium, punch carBSTIBR8((Fd0any other
physical medium with patterns of holes, a RAM, a 30 PROM, and EPROM, a FLASH-EPROM, a solid

state mediugy ka1 a8 m sy : I@s@?&g@%@&ﬁkﬁWWH&Wﬂe%ﬁ?ﬂH@&gl%qéa% &il%d@éﬁfée as described_
hereinafter, or any other medium from which a computer can read. A digital file attachment to e-mail or

other self-c6AMIABE s Adatrdassrdhivéodrswrdarstnaddvbdt the dakibric ey e RIBUBBS Aledium
P"r"'nn11034eHRE HIBROOR/RABART InatiNarRAL topp-tangibiec-atarans:medivm. NéBsnithay, the

computer-readable media is configured as a database, it is to be understood that the database may be
any type of BXGIBINES SoERI A v IRits iRk PRSP IIBRSCIIS AT, HrEIHiAR MEdiURe @8rtingly, the
invention is gensideresh i incdudaizRagial sivagsomadim iareistihnéioprmasium and Sprior

art-recognized equivalents and successor media, in which the software implementations of the present
invention ard@lsragntationsof theREesqatdmYRREoN 51 80Ee" and "compute,” and variations thereof, as

used herein, are uged {Bigichaneeahly and inakde Ay tpepatdrathedeingnRiacRssT, mattgmatical
operation or technique. 10The term "E-field" refers to the electric vector field. The term "H-field" refers

to the magriticibettorfrddnterhinsrrbiradindrds i nrighetofrieBemiRghield. The term

".1-field" refgrafenReglesiomabirent@angjtis field. The term "module” as used herein refers to any
known or later developed 15hardware, software, firmware, artificial intelligence, fuzzy logic, or

combitdtion of harii=iEand & ’}aﬁ%f?ﬁafpigl&a?ﬁ%’fépgﬁﬁ@ﬁgﬁ]rﬁng the functionality associated with

that clement. Also,wbierthernsientior fig-gestidaddncter ek exgdnplary embodiments, it should be
appreciated that indjvidual gépﬁcts”of the invention can b s?ﬁ%aratel%/ laimed. The term "ocean" refers
to any body of watePofBhePeBRuHIR SR RAREHS BB ISP ERASEd. Thus, "ocean” refers to a

body of fresh or saithyateh regandiessaf its Bizelectrid hariamnaceasand@ttom” refers to an interface
between the conductive fluid copt ining thgﬁgeophysical measurement system and a solid body being

investigated.  THBSJRSEL S EMSARAS SIS B AR P BRES S HOHERPEh understanding
of someg aspreisvafdhe fivartitimhhic SsafalliisdleHhiee afy exteasiyRebmbination of

hardware and software that is capable of performing the functionality associated with that
element. Also, while the invention is described in terms of exemplary embodiments, it
should be appreciated that individual aspects of the invention can be separately claimed.
The term “ocean” refers to any body of water or other conductive fluid, whether or
20  not salinated. Thus, “ocean” refers to a body of fresh or salt water, regardless of its size.
The term “ocean bottom” refers to an interface between the conductive fluid
containing the geophysical measurement system and a solid body being investigated.
The preceding is a simplified summary of the invention to provide an
understanding of some aspects of the invention. This summary is neither an extensive nor
25  exhaustive overview of the invention and its various embodiments. It is intended neither
to identify key or critical elements of the invention nor to delineate the scope of the
invention but to present selected concepts of the invention in a simplified form as an
introduction to the more detailed description presented below. As will be appreciated,
other embodiments of the invention are possible utilizing, alone or in combination, one or
30  more of the features set forth above or described in detail below.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of a geophysical system according to an embodiment;
Fig. 2 depicts transmitted electromagnetic energy according to an embodiment;
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25exhaustive overview of the invention and its various embodiments. It is intended neither to identify
key or criticakelements of the invention nor to delineate the scope of the ipweYTiarFbone prey034.67
selected coNt@pHUIHBInvention in a simplified form as an introduction to Red/AB3AESIWEtEd

description presented below. As will be appreciated, other embodiments of the invention arc possible

utilizing, alone or if .@19&&%{9%aﬁﬁ%iﬁ%@@[@@f@rﬁ%ﬁ@ti@éﬁ'éf@? seldyabane Andgsseied in detail
below. BRIEF DESCRIPTION OF THE DRAWINGS Fig. | is a perspective view of a geophysical

system according 3@ damigiditienmiti oleriamemshesiney afseidnsgridtirrebrdgratcording to
an embodiment; 5 Fi 15" AOBAEA RCER JPQS/QNIART  ATigy tdie pictr diap sonitieshslrftemagnetic

energy according to an embodiment; Fi%i 4 depicts transmitted_electromagnetic energy according to
an embodiment; FjgsGds2gessicind hewespaygisphyiracdyd@en: according to an embodiment;

Fig. 6 is a rear viewigf #g ggeRpysical systeme Eigphy SEiYsysism serspestive view of the
geophysical system of Fig. 5; Fig. 8 is a side view of a geophysical system according to an

embodiment; Fig. §i% & Fetsisctivenb sromiy setnpsanresidinede ereabefimedts a front view of

the geophysical systerng of Hgréective Vily diltie 3oIpRisiansamef dheibydraulic interface according
to an embodiment; 10Fig. 12 s a block diagram of the functional components of the geophysical

system according Bad RBdipmerew of hig ssepysitb st fii®%fthe functional components of
the geophysical system RECOMING tRaraNoPeRiMentlie il s & hiRekdindcumn ehtallingrccording
to an embodiment; 15Fig. 15 is a block diagram qf the subsea canister and surface computers
accor(mg to an enﬁfb%d%%@rﬂ;block diagram of the functional components of the geophysical system
according to an embodiment;
Fig. 13 is a block diagram of the functional components of the geophysical system
according to an embodiment;
Fig. 14 is a block diagram of cabling according to an embodiment;
15 Fig. 15 is a block diagram of the subsea canister and surface computers according
to an embodiment;
Fig. 16 is a block diagram of a signal processing architecture according to an
embodiment;
Fig. 17 is a block diagram of a signal processing architecture according to an
20  embodiment;
Fig. 18 is a map depicting the electromagnetic response of a sub-sea structure; and
Fig. 19 is a map depicting bathymetry and drilling results of the same sub-sea
structure.

DETAILED DESCRIPTION

25 The Geophysical Exploration System

With reference to Fig. 1, an embodiment of the system will be discussed.

The system 100 comprises a modified submersible Remotely Operated Vehicle
(“ROV?) 104 in spatial proximity to the ocean floor 128. The ROV 104 includes, inter
alia, an extendible and retractable arm 108 mounting a transmitter coil 112,

30  electromagnetic sensor 116, electronics package 120, and umbilical 124 connecting the

ROV 104 to a surface vessel (not shown).

The ROV 104 can have any design suitable for the specific underwater application.
It may have on-board intelligence, making it partly or fully automated. Thus, the system

6



Fig. 16 is a block diagram of a signal processing architecture according to an embodiment; Fig.
17 is a blockdiagramof a signal processing architecture according to an porempsaimenory 316 7

map depictifPRY¥Bdd®magnetic response of a sub-sea structure; and  PFIGIBROGEIQ3HEp depicting
bathymetry and drilling results of the same sub-sea structure. DETAILED DESCRIPTION 25The

Geophysical EXRIalisn-SYstem\HihJelsretsadakigr ViarrmRedinestefi e isigm will be

discussed. The system 100 comprises a modified submersible Remotely Operated Vehicle
("ROY") 102%HUPasAN Bro%imiRyee thihesams Hisy 128, unadarded modsiiioaedtivher al/a, an

extendible and retrpgiabiR a1ipId O&IMAHRINI A HANDDIEY aalcldss dRplpctrdnetisrsenssr 116,

electronics package 120, and umbilical 124 connecting the ROV 104 to a surface vessel (not shown).

The ROV 16H AR ARG 408 dauple Rhtabracrn eathspeentRlrdeinatin i preisies ~bR hay have

on-board intgliganeseimaldnthiDarbmas il aHRMA] WS ﬁ@ﬁ%’%}?%i&’ trarOAR346 7
PCT/1B2008/003467 can be deployed as an Autonomous Underwater Vehicle (AUV), so that one or
more systerfSocRS ORBY B yEHERIdHRchMnis Mt iHoa XeteiN NG HEMeFation.  The

extendible and retrpgéablasaimct@8iMmay RAYE-ARH SHRIME CRIAigEY siipfadthe ARerd 08, may ciar
example, be telescopically extendible, rotated into étr?)ﬂf)sition about a 5rotatab,leaioint or hinge, a

pantograph Y ATYS {ERBIRANTPRQUHENS) STsylaTtehRY Mo vEH AR o LRRSH B4 LUEBTe mechanism,
and/or a fixedIrNEN4pE sHERIpHIRal, and is formed of single or repeated windings of an insulated

10 electrical conductor. The insulated exterior coating of the conductor inhibits the direct
passage of electrical current into the surrounding, electrically conductive water. The
transmitter coil 112 may be energized with a time varying or time invariant current
waveform. In one configuration, the current is a time varying waveform having a variable
frequency content.

15 The size of the transmitter coil 112 is directly related to the volume of
investigation. By way of example, the larger the coil 112 the larger the volume of
investigation, and the smaller the coil 112 the smaller the volume of investigation. Stated
another way, the size of the coil 112 is directly related to the maximum stand off distance
the coil 112 may be from the ocean floor 128 and still perform effective

20  resistivity/conductivity measurements of the floor 128. Preferably, the coil is relatively
compactly sized relative to conventional geophysical transmitter coils. Although the
maximum desirable stand off distance between the ocean floor 128 and the coil 112 is a
function of the skin depth in the ocean, the transmitted waveform frequency, and the noise
floor on the receiver circuitry, the maximum desirable stand off distance between the

25  ocean floor and coil when ocean floor resistivity measurements are taken preferably is no
more than about 10 times the diameter of the coil and even more preferably no more than
about 5 times the diameter of the coil.

The electromagnetic sensor 116 senses ambient Electric vector (“E”) fields and/or
magnetic vector (“H”) fields. In one configuration, the sensor 116 measures H-field and is

30  any suitable H-field sensor, such as one or more series-connected magnetic coils mounted
on a core, other coil designs, magnetoresistive sensors including Wheatstone circuits, and
fluxgate magnetometers. While not wishing to be bound by any theory, reciprocity theory
holds that a time varying electric field produced by an electric dipole, such as an electric

7



The transmitter coil 112 is oriented with its windings substantially vertical, and can have any suitable
shape, suchres/cireutar (shown), rectangular, trapezoidal or other polygorpisiene? orelptiqg 346
formed of sW§eWEdéed windings of an insulated 10electrical conductoPCTIHB A8} PRE67exterior
coating of the conductor inhibits the direct passage of electrical current into the surrounding,

electrically gapsluctiva v aiehsdmtansarier £oitdd 2 ey Ae SRR rawad v i *dime YaRing or time
invariant current waveform. In one configuration, the current is a time varying waveform having a

variable frediRdHSF ARNBRIPAETing SRenstefictidhahniPesictwsd urbghmemeir tiade volume of
investigatioge By WAy At eyamniesithe laas i eintld tagdarasthe-Nplusrenefdpvastigasion, and the

smaller the coil 112 the smaller the volume of investigation. Stated another way, the size of the coll

112 is direcMprasiisdieddrennonk i M athdikeaivicprd@idynomin P paadnditid®cdsn floor 128

and stils perfprm sifesiive ADERSISHVI EENdutivisHraasurments ek therlleordlthRigiewhly: the coil
is relatively compactly sized relative to conventional geophysical transmitter coils. Although the

maximum deSasrelaMd Brtaatircenbealsstndee!déadheitardingdona i dyifipm the RidNction of the

skin depth inghe Rsean. yhegpansaniticskvsa velonadt eanepestRRY thepasissl dloproBitaadgssiver
circuitry, the maximum desirable stand off distance between the 25 ocean floor and coil when ocean

floor resistivi§aTESstransmBlanepirionp s dpdsr sl trie el dn e sHrr PN YR wilineter of the
coil and eveRigiaiglQRiaERRIY, fik MRESURAINADA SdInes atiaaterfitiasaik clecttie

electromagnetic sensor 116 senses ambient Electric vector ("E") fields and/or magnetic vector ("H")

fields. 4 onEEEHighrssasanke demsortaacrib i rehpcheatis diFid Beashir et AloristbR sensor,

such as one-@ienOHRHEas-560 dBREHRI N BI0AtE ERiISINAUNTCHEYST theareicdher Kodsdarigas,
magnetoresistive sensors including Wheatstone circuits,&rgd fluxgate magnetometers. While not

wishing to B BSUHEH AP TRRGIFISERIBL sy B HDONGIHS RiuMidRe VIS HE L RE SRS b duced
by an electrigipier sh¢tha e et/ ail P IABA6I6 REIHE2Q0R0M34§ dehipalersitey (if used

instead of aﬁ;nagnetic field transmitter such, as the corg§112) will produce a correspondin? lagnetic

field that caFbEELSLBRAEH G L THER Q6 ENGAGCERROSIOM Bad SF S SHEIEaRLbME S the
conducsivitytséretucedgidhe ageanheton-dagasaiiadiels Sensorscaaninessdeely the static and/or

dynamic magnetic field(s). In.rone configyration shown in Fig. 1, the sensor 116 measures the E-field
and included'8 P‘HPSB&@H%%%%&H@%&%%%%P@&%@ﬁ%&%&%ﬁ%ﬂa@é&nward|y from the
ROV 100. Asdllde-appepsiaics ] pioskeiearafitheebfigleatipparanie osaiviey phamigstigdes measure,
in one implementation, theHinduced electric field in the surrounding water. In this implementation, the

measured sBRHPIRACOSHTERE SRS YRR 1B tHEDELHE Do current energizing the transmitter coil
112. The electric figlt measuw erieii wioyes the eaisanttdensity 10 heldeiguminedhrcavsediies

g et S TR M e et e e e

enables thefaysteih deondageedbes dadplexrappesantistisistpighaf tichpeedivbatiobevsuheocean

enVironmenct:’oim%cjigg stated another way, the plane of the first and second electrodes 128a-b is
parallel with, and preferably the same as, the plane of the coil 112. Relative to the ocean
floor 128, the plane(s) of the coil 112 and first and second electrodes 128a-b are vertically

25  disposed and, in one implementation, substantially normal to the plane of the ocean floor
128. So oriented, the coil 112 provides a substantially horizontal magnetic dipole, which
is substantially parallel to the ocean floor 128.

In one configuration, the sensor includes a second sensor in a plane normal to the

plane of the transmitter coil and coplanar sensor. For example, when the sensor is

30  configured as an electrode pair, a first electrode pair is in the plane of the coil and a second
electrode pair in a plane orthogonal to the plane of the coil. The second electrode pair can
provide asymmetric electromagnetic information.

While not wishing to be bound by any theory, the coil 112 and sensor 116 can be
8



15the induced polarization and cole-cole parameters. If the locations and geometry are not well
known, it is stiflpossibite to infer whether the bottom is relatively electricallp comductioa orcel gyt
resistive or VPEMHRINBL apparent resisitivity parameter is anomalous conSidEABRYI&RABIEchanges in
current density. The relative orientations of the transmitter coil 112 and first and second electrodes

20128a-b capRIgvise Mnexdantestansiis iplgty %e@sﬁ@ﬁyea@%?ﬂ%' WERRANYSIRAl SRYieswcd ke first and
second electrodes 128a-b arc substantially coplanar with, and located below, the coil 112, or, stated

another way k8 [ReiRdvEpAEF4t sHdtedborfBretslgaedogid el pernisritntesaia weddribly the
same as, the:plane afihexealltidkleIBalative 4@ &*adglg IaoA &2 Wiecalpr (B)0f iR CaikjbE2 and first

and second electrodes 128a-b are vertically 25 disposed and, in one implementation, substantially

normal to thsIanrisiRd ki tlsr 18 il drierasterates coireroymageRtic disldoetthaally horizontal
magnetc dipghe,obighrisrsbatantialsnasalielde ﬂk@c@gemfiﬁ@ﬁelfaﬁne of tAonsIGeRligvation, the

sensor includes a second sensor in a lFlane normal to the plane of the transmitter coil and coplanar

sensor. For ¥e4pgprecniingripcedpsdi bl eaad belavathasilderorms paiv o4 aae Pataleldae pair is in
the plane ofithe sohvantdsepepslsiecipdrPaicddpliaretREthRganaliivuihataneafibr coil. The

second electrode pair can provide asymmetric electromi(lgnetic information. While not wishing to be

bound by af§HRESrYLHEH a0 aditercsbrrm bespibEipinroiao Becrve ftson0utitiecr
considered gssa Nadificalian efénerohe /asistbdix arsaypdaibithnbin e deyyeHids probe

resistivity array is excited by current electrodes and voltage electrodes arc used for sensing. The

excitatiBn eRstrsaRsrechshtke tramasechoweld andif islhavd smrioi ldidienshewatss

horizontally AERigtE@ilskhd Genepates anisieeiianagnatic iRt y\HARRCOIDRRARIECHK §olthedield)
surrounding the cail 112 in the plane of the coil windings. Voltage-sensing, electrodes 116 are located

below the cSAUS HHRAEWERRAGIE G Al tRENESTAMNALn gSCBusa ROl HENY dttitictive, the

magnitude @fibhactitenoheldyepaaios significast asthe digance fsorithevanilatd ZndaiepsesnBecause
the conductiyity of seawater is very constant, one ¢can predict the spatigl and magnitude relationships
10between ﬁ?@@%@&'@%@f‘é&%ﬁﬁf HIRT ShiPHI RGOS e fiet R BpeH IR As with a

standard 4-pscibevigsistviyusEryistbeivpiage stnsaimddl togasdraaevaliageteaused by the current
axis is oriented horizontally, part of the

field (J-Field) in the seawater, Because the coil's primar
induced cur?lﬁ@&ﬁ%&%i?eﬁ?&‘gaﬁa}ﬁ%? %ﬂ%%%%d%&lﬁ%@ﬁ%%& Ac@ Gt&reohdiEtor or
insulator belgw¢ttbaesoil 112 changes the local 15resistivity and causes distortion in the electromagnetic

field. Distortion in the electrqmagpgétic fiild results in cﬁ%n es in the voltage measured across the
voltage-sensing elddfoRston Siihcooll and SuptiaddiPe bR R SRS Ssed with
reference taridgs2-2-4THbRsaaxplapibs whbxy thatite slissibofiolrof elagtikiatcuient aousd the coll

20 112 is a function of the distribution of the conductivity structure around the coil, the
transmitter coil geometry, and the time-varying electric current in the coil.

As shown in Fig. 2, the coil 112 (which is shown as being rectangular), when
energized with an electrical current, forms a magnetic field, which induces electrical
currents to flow around the coil in the plane of the coil. The amplitude and phase

25  distribution of the induced current is a function of the conductivity of the medium that the
induced current is circulating in. In the absence of interfering structures, the current flow
is normally substantially symmetric, both in shape and magnitude, around the coil 112.
As shown in Fig. 3, the coil 112 is now in close spatial proximity to a resistive
ocean bottom 128 (such as basalt). The bottom 128 has a higher resistivity than water.
30  When energized, the coil 112 induces electrical currents to flow around the coil in the
plane of the coil. However, unlike the prior example the electrical current density in the
water below the coil 112 is anomalously high, and different from the current density at
other locations around the coil, as electrical current flows preferentially in the water.

9



20112 is a function of the distribution of the conductivity structure around the coil, the transmitter coll
geometry, ardthe tinme-varying electric current in the coil. As shown ipFgr2iehe caC T BRGTS
shown as baViey2p8eiEi4dtlar), when energized with an electrical current, forfSTAIRIAg 3 GTeld, which
induces electrical currents to flow around the coil in the plane of the coil. The amplitude and phase 25

distribution of {he jodiredaientisMeies QiVee CaRWaHY of.to8 MEgitmythatibe induced
current is circulating in. In the absence of interferingaéttructures, the current flow is normally

substantiallyeRiakFclipldtRsHVeRR e 50 MagHitibriterbliftitHushsy thep it world &6 RicEig. 3, the

coil 112 is nguhal0sesiRatiRLRIRNMIRY IRdaKesisiive ocean bottom 128 (such as basalt). The bottom
128 has a higher resistivity than water. 30When energized, the coil 112 induces electrical currents to

flow around the coftirsBRe PR B AnE R H bR WURIKEhePpHiRdl ERX e the eraduftiiccurrent
densitysn theuatesiasiow the &b kalisRepMaloushahiakigd giffesinirer thaigHmanhfensity at

other locations around the coil, as electrical current flows preferentially in the water. P"r""'nn1103467

PCT/IB200481868huroyadhrn s sHatherilthin il ces RlTisRlc B dnl et ad difer way,
the horizontgdiEifield priveesmibedsPilHdwARe hatimnbiis: Riohepithae Blvwauldikairiyater alone

and at other locations around the coil. As shown in Fig. 4, the coil 112 is now in close spatial proximity

s ] g s
to a conducBtRS BB R 4 BiEhhAoY thaeRibd KifideenatpsbolucdiBrire bomo ol @ higher
than that of yéater; WbeRcBesa etk alelb? induresRIgcisdhe AbRL S iaHaw arpunehthe coil in

the plane of the coil. However, unlike the prior example the electrical current density in the water below

the coti® 1258 e AIGiysNS sorfunfyeienohs anaHERCaeHsh o har et ARBHS ¥¥nd the

coil, as electhicabggsiant Hawsimeiesentindydn the 10swhtdes Weieniwtesssonausiidethian the
conductive ocean bottom. Stated another way, the horizontal E field between the coil 112 and bottom

128 is lowePtHShHWN6 AR BE T dRsetifsiseiadihsiiet iocations around the coil. As can be

seen from these exaypiese heeteat it eiyeahipluced biéhe caiishindbechienetnt tigl ¢oil
Accordingly, the electric currﬁnt is optimailly measured by first and 15second electrodes pos(l:lioned in

the plane of#d KR8 Of heedtlminerR5dEagt e leript SHIEEh it RRER A BoS RTNCEt 38 % e

discusged iRedetailddalavdes pobiavaldrntrrfasanes wildhe sensor's measurements, the other

components of the ROV are selected with consideration of the electrical. properties of the components
when 20the ROY i eI}l B8 @J&&éﬁ%@a&aae%%&sd?&e )t e asgied n

detail below.
To avoid interference with the sensor’s measurements, the other components of the
ROV are selected with consideration of the electrical properties of the components when
20  the ROV is deployed. For example, electrically conducting parts of the ROV can
influence sensor measurements when they are in the region of induced circulating currents,
and these conducting parts are taken into account when making the measurement
(discussed in more detail below).

Other Geophysical System Designs

25 The geophysical system may have a myriad of other designs.
With reference to Figs. 5-7, a geophysical system 500 according to another

embodiment is shown. The ROV 504 includes an extendible arm 508 in the form of a
pantograph and first and second sensor electrodes 512a,b positioned at the bottom of the
arm 508. As will be appreciated, a pantograph is a truss-like structure having a rotatable

30  hinge 516 at the junction of each truss member 520 The upper ends of the members 520
are cither rotatably hinged 524 or slidably engaged 528 in a channel 532. The transmitter
coil is formed by conductive windings (not shown) positioned on the members 520
adjacent to and surrounding region 536. Figs. 6-7 are different views of the system 500

10



influence sensor measurements when they arc in the region of induced circulating currents, and these
conducting perts ametaken into account when making the measurement (psteossed " neeg93467
below). Oth¥Y@98YHAANRHI System Designs 25The geophysical system mRCHARRMYied of other

designs. With reference to Figs. 5-7, a geophysical system 500 according to another embodiment

is shown. TheRAY SRAseiedas:anxiendible arawa0s indhadapiela @@Utagg@@hgamiﬁrst and

second sensor electrodes 512a,b positioned at the bottom of the arm 508. As will be appreciated, a

pantograph3&Paraiias heecathinsairirnand ges ontbelasiaososnnde baeldhawdigabitiencaewasht ffiss

member 52¢,J BRURRR! SNWsWAtHhE-BeIRYr 520 Akeitheppotatably hinged 524 or slidably engaged
528 in a channel 532. The transmitter coil is formed by conductive windings (not shown) positioned on

the members 520 Sifadént tLiprr dinestmahs hediansdstoriyss bl90yseditrfsptiddiiginthe system
500 10 £"r"alsHiBsHR7Rid HBRRORSIQARARIE With 4be. armi. 3R retacied futidclgrO$hows an

insulating sleeve 700 engaqing and separating the collinear first and second electrodes 512a,b and

the slidable Bilagimsitteiné 0k end aeshedavhis fiselent s 2srmndfbel B98¢, 11 is a block
diagram of ayureididliGipiesiaoe 448R uaed 1AeRiy the aurs 2108 mndisR&dusingcansingladydraulic

function. The interface 1100 includes ROV hydraulic assembly 1104 and arm hydraulic deployment

assembly 11p8rtHe o0 RydrtReRbe S anrihne rrmerodeis by BEMAY1E$2 positioned
between the qemblydrasdic tepliaysnany aseemiinddOs-ans @thes sogpRraNts afnhe) RiYrhsdraulic

assembly 1104. The assembly 1108 includes first and second (quick disconnect) interface 10fittings

1116alB; préddpgs teiorhgresrssriuciag st hratsed de0 Lo mretrGEthF b HBE R BaeRsEP against a
solid object ifgp@shsgafieni: whigdtdsjbeingdepiaysst) atiand seeppdiipipecon-aamdaevahes

1124a,b to permit operators to&ontrol manually the speed of arm deploymeni and storage, hydraulic

cylinder 117818AH4psromEPseabiny HiAitk BIOBTHELPREEAGE 12 SRt taRam g hesesRtion. As will

be appreciaieg, dbgdydeaulisdlGonisdeydkddcisyopriably 2N gag edswitl the atanguand expands to
extend and deploy the arm and co trfacts to retract the arm in res%inse to pressuriéat'on an
depressuriZ3i6AREEpRRY itk RY BRATRC RS TRAH? Pefereite 16 HIBEETS; Pgd¥pikical

system800 3¢k ngow igppties 1o mhadisnentlisishemi. Mdiephelahovaemhadispis pesitioned the
coil/sensor assembly 20 well below the ROV.to reduce the electr.omag;??gc noise from the ROY and

due to conc¥RPYFAYMRG IR ETLAHSARTEL B ROLSER DI BN ARG ARSI GG LS Sipment
operation, thispeeskining mayiehlle neetsired in many implementations. The ROV 804, like the prior

positoned above Gl SSEbh b B rbdds BERNUR G HEPVRDE G BSERBATRERs, the colls
808 and 812rabsliisinandsaecandveigiirbdasShdmb@tidigidlyositioned the coil/sensor assembly
20  well below the ROV to reduce the electromagnetic noise from the ROV and due to
concerns regarding adverse influences by the coil 112 on navigation and video equipment
operation, this positioning may not be required in many implementations. The ROV 804,
like the prior embodiments, includes first and second vertically spaced apart transmitter
coils 808 and 812 positioned above first and second electrodes 814a,b but, unlike the prior
25  embodiments, the coils 808 and 812 and first and second electrodes 814a,b are rigidly
attached to the frame of the ROV 804. The advantages of this mounting arrangement
include the coil and sensor are much less vulnerable when positioned close to the vehicle
and the ROV operator does not need to be as vigilant about avoiding collisions with
objects far below the vehicle The coil and sensor are more portable, making them simpler
30 and less expensive to mobilize in remote destinations.
The coplanar orientations of the first and second coils 808 and 812 and first and
second electrodes 814a-b are well illustrated in Fig. 10. As can be seen in Fig. 10, a
longitudinal plane of symmetry of each of the coils 808 and 812 (which is orthogonal to
11



attached to the frame of the ROV 804. The advantages of this mounting arrangement include the coll
and sensor ere/muehfess vulnerable when positioned close to the vehiclqpamantieRevnepa 34 RH7s
not need to W& 280{BHEAP about avoiding collisions with objects far below thBGAEHIRMESTH9846dil and
sensor are more portable, making them simpler 30and less expensive to mobilize in remote

destinationshe hofiASnEARIRAAS IYRIHRUIRNSIIANG fiEFtARM secend CRAa8 K SldangtirRiand

second electrodes 814a-b are well illustrated in Fig. 10. As can be seen in Fig. 10, a longitudinal plane
of symmetrPbisabrAsccond stesteritssd Harhich is orthogonal to P'r"nn1103467

PCT/1B2008/0034670ihgherzRpl @xs3sfewmmatiyi plotbr.aalR) 4 gubstantialbofpplanar with a plane
defined by the first and second electrodes 814a-b. The use of multiple coils permits multiple

channels of YAH Gt bcor e alemtntasatiakty &St dBRsavsdhe Mtsrsttility it b tthe
interpregabifityiotihe daiauad Bisreright dashdae - differant g samalsisstRitnirle- $8NS06s LIRS Mitter

coils, or multiple transmitter coils or transmitter frequencies. For example, using two transmitter coils,

with the coilSXBHRMHESE SHls ShBoRSIRR SR BGE Yo RREASRIRE aiting, " YRLFARTBIEHeaYtz Wi ithe coils
(e.g., time-siparéad S oei@xet JHeN OIS il WiRG: fiishonestiban ihe e by ihe-speR mpiifier ) with
electricity can enable the conductive or resistive nature of the gcean 10 bottom to be determined

unambiguoti&fyorid g siimcralhsthamentainn satnidg YReHbrbenss A he Rthstcg ke

conductivityseRithass 10 dhg WARKRM Y thtjespestda dhr.cepan GrrRAUGIYvERR @lierTate veauRf two
coils at different heights off the battom allows the simulation of the transmitter coil approaching the

botton Qith BRit e (BIBE IR TRINS) sl sriditlYe d e SEESH Py RbTRaPRERAHIHOINA in the water.
In other worglsitdhiSCelibiRasrRgNBRIeMalies The elieerirepine the Rierispeea wolirRgReliange

upon approaching or. departing from the ocean floor 128 and elim,inatesﬂthe re uirerg’ggt for "dipping”

(discussed BRIWAIVIY nl B @ LSRAGUISEiOh PHPt AP L ELEHANh A b Qih 8t kel s b ositioned

below both ghihRepaceehaparseaie: Toe yestinahdistanceoasiweathdie thdjfceisuiageseof the first
and second pairs of sensor electrodes is substantiall the-s%e distance as the vertical distance

separating tha"QUHEERCEETIATES TRREOSITS. WG dftaih ity alferdi2ing The FrSt ARt §&ond coils,
measuremegit sigoalenatenideriy et e toe Jisihanksecarsiovitisccies apsing fediwh st and
second pairs of electrodes. In open water, the first and second electrode pajrs should gbserve
substantiall{t 8@5‘&%%E%%&&i&)&?ﬁ%@%ﬁé&%}%ﬁ?ﬁﬂ%@%%8&%%&65}%1& §e‘£§’3“5%nductive bottom,
the lower, spfiondei¢syREE pair should see a lower resistivity (lower voltage) than the upper, first

electrode pair. When close tQ a resisti bottﬁm, the lower second eiecgﬂc;jde %airshould bserve a
higher resistivity (RBF GBREGEI RTbHHEY 88 ﬁ&?ﬂ%‘?i@ﬁg,sﬁi%eé‘ﬁar $etd § B?%fé%‘fﬁé)des arc not at
the same 3Qvasticedsapatatignasl thefirsd it dEroad st disancoitetl bendifterifjgcdistanéasarc

20  ofthe first and second pairs of sensor electrodes is substantially the same distance as the
vertical distance separating the adjacent surfaces of the coils. While alternatively
energizing the first and second coils, measurement signals are received from the first and
second outputs corresponding to the first and second pairs of electrodes. In open water,
the first and second electrode pairs should observe substantially the same conductivity.

25  However, when the electrodes are close to a conductive bottom, the lower, second
electrode pair should see a lower resistivity (lower voltage) than the upper, first electrode
pair. When close to a resistive bottom, the lower second electrode pair should observe a
higher resistivity (higher voltage).

In other configurations, first and second pairs of electrodes are not at the same

30  wvertical separation as the first and second vertical coils. The differing distances are
accounted for by calibrating the system response to get the same result with the different
vertical separations.

In other configurations, the first and second coils are concurrently excited to

12



accounted for by calibrating the system response to get the same result with the different vertical
separationss¢nothergonfigurations, the first and second coils arc concuripmiyrexeeamnd (3467
P"r"'nn1103402MMHA3008/003467 generate an additive electromagneticHEEB200§103#eer
configurations, the first and second coils arc excited simultaneously using different frequencies,

thereby sepgsating heJ&aR00SEINIRIbRordifferent frequencies. In this way, there is no need to
time-share between the first and second coils. 5In other confi_%urations, the first and second coils are

mounted such that rR¥sA2GsHPHAg N TEend reentogbhartorcssiteloinut tinepuply at88ing any
directional \@f@%@ﬂ%@&e@&flﬂﬁm@g&m{m&@@@ﬁ% into tHe @RLACRAEGIIERL ARS8 or more
S

coils are mounted on each side of the subsea vehicle or platform, thereby allowing the system to

further distinBthéhWaridheiss impagetio Bresithrmpetvesh b mibefrteaisdithe geophysical

systemsone or mofg JtRASKBHIRLEAHSRNEhOMBPEANARSRNSGIS AerRadbahinehashsface or
submersed vessel. In other embodiments of the g{zophysical system, the coils and sensors are

physically sBYHFSHY Sr@rstifiayesyainehasepabiarach nthsriisedisalpvinsamy dipetantdwhile the

other of the &ilgighsansesenesNRNed @i theralisangdisensors occupy stationary positions to take
spot readings. This is in contrast to the above embodiments in which the coil and sensor are fixed in

relation to one andthafshIRBERE LA ORE RIS FIHE BedaA Btk tdLotifnafehe suhesd of
measuremepBicT6: pURLSioNah GeBRARRNISAh s EeRRhVsigRl AUSIERIRARIG RIS M osksliagram

of the(@/stem according to an embodiment. The block diagram includes a first assembly 1204
positiotted dEHHE S¥face on a surface vessel (not shown) and the ROV assembly 1208 positioned

beneath the surface. AkedisebsaaddelantibedishaichBeRARH asreMBIES 6ANPHAERELIT e
frequency and/or time domains and can extract information from the recejved data stream that

includes the®BoRIR TS PSSO EOSAL: IMERCFCT braAs s flaveform, such as, for

example, apparentesistiviiibodiments of the geophysical system, the coils and sensors are
physically separated and carried by different vessels, one of the coils or sensors is fixed
15  while the other of the coils or sensors are moved, or the coils and sensors occupy
stationary positions to take spot readings. This is in contrast to the above embodiments in
which the coil and sensor are fixed in relation to one another and moved concurrently over
the ocean bottom to complete a series of measurements.

The Functional Components of the Geophysical System

20 Fig. 12 is a block diagram of the system according to an embodiment. The block
diagram includes a first assembly 1204 positioned at the surface on a surface vessel (not
shown) and the ROV assembly 1208 positioned beneath the surface. As discussed below,
the first and second assemblies can operate in the frequency and/or time domains and can
extract information from the received data stream that includes the complex response of

25  the environment to the transmitted waveform, such as, for example, apparent resistivity,
induced polarization effects (e.g., chargeability and/or complex parameters including the
real and imaginary components of the response which define the cole-cole parameters
describing the ocean floor or sub-ocean environment).

The first assembly 1204 includes an EM surface computer 1212, a surface

30  navigation system 1216, and acoustic positioning and geosynchronous satellite positioning
modules 1220 and 1224, respectively.

The EM surface computer 1212, which is discussed in detail below, communicates
with the ROV assembly 1208, provides operator input/output functions, and provides real-
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induced polarization effects (e.g., chargeability and/or complex parameters including the real and
imaginary cermponents of the response which define the cole-cole param¢persTdserinmaig 03467
floor or sub-\WEEHERHBhment). The first assembly 1204 includes an EM sRHEBR20834PeteETr 1212, a
surface 30navigation system 1216, and acoustic positioning and geosynchronous satellite positioning

modules 1229 angtd RR5LesRe YNy ary THE FYESUIRCE SAMHRIIRE d2:d2ivhicthis Hississed in

detail below, communicates with the ROV assembly 1%68? provides operator input/output functions,
and provide¥feaiaisobthe seeei veshelooperas oSG en s B s dd soppeciosihy EXEMtery data

processing {asksopg uda deterininadhie.Ragnituaa dnddnaseiefthe received electromagnetic sensor
signals with respect to the transmitted waveform. These tasks are discussed in greater detail below.

The surface navigdifsr Sfaasiar %I snststa gt dSBriGesHEd SRMPHHSE SRR Hhittes, based on
signals romytheaaRustisse@ S ARG RAKIA L 229 stheorsitiom O HibeuRA Y RS sRaRIY AAPSFwith

respect to the surface vessel, combines tha’t&z}osition estimate with the vessel position determined by

the geosyndhedhBYsassambty pe&hivHihgrReeiiR he surfasiieys 1e PR eHAY MOTILRR SR, In one

configuratioR #henpa¥igdatipss Bt daasdansimcheanaisacasllitakasedsaaminataso e navigation
sensor information 10 received from the second assembly 1208 and integrates it with measurements

from the surfate-gBddeshiieda cadampirssitishiftfmda e eoshssdop b e Hegighmigfbdule

1220 can bgRRy:sekiakla siR)MIS Sl IRCBING thR R¥ASarMRlyibSiG 36sstiafsignalsnand the
geosynchronous satellite positioning module 1224 any suitable sensor, such as a Global Positioning

SysterP(GPEyLerLEPntnsceortiaticinbh, 1hA% LrieespisriBmmnth msHouche 1S8R e ultra-short

baseline uniuif@rethe) earé@ucation fosincrustianngiionrng medideuldeddsikasad adtgocean
floor 128, and not on a surface vesgel, and is a long baseline unit. A Kalman filter. or similar algorithm

is typically Used 67 BRARSUP Estirvie I9F R LRGHO Y s ssovdN d e aemitit2en it dbds an

altimeter 128 {&dsnabranoas UGt QoNiliearhrang oracaustciabineiaspiosdeiarmine the altitude
the qcean floor 128, an electromagnetic transmijtter canister 1230 operably engaged

of the ROY abqv
with the tra&f?#ﬁi}’%mﬁ,g VUL R%gﬂﬁaﬁfafré@e%ceaﬂ%%%@sﬂlsag?aﬁﬁgf BAYHGBEith a
plurality of elesticmagoeatieneteiveisensainkhGatnlantothbavigdiidnseRstHepreksge 1236 to

e e S modaTe 1720 Yo Haee by the becan Hoo T24Sand hioton B AaFale vessel, and
is a long baseline unit. A Kalman filter or similar algorithm is typically used to generate
the estimate of ROV position.

The second assembly 1208 includes an altimeter 1228 (such as an acoustic

20  multibeam sonar or acoustic altimeter) to determine the altitude of the ROV above the
ocean floor 128, an electromagnetic transmitter canister 1230 operably engaged with the
transmitter coil 112, an electromagnetic receiver canister 1232 operably engaged with a
plurality of electromagnetic receiver sensors 116a-n, and a navigation sensor package
1236 to determine the position of the ROV with respect to the surface vessel. The package

25 1236 includes a depth sensor 1240, Doppler velocity sensor 1244 to determine the velocity
of the ROV with respect to the ocean floor 128 and/or water column, inertial sensor 1248
to determine pitch, roll, angular rate and translational accelerations, heading sensor 1252
(such as a fiber-optic gyroscope), and acoustic transponder or responder 1256 to
communicate with the surface-based acoustic positioning system. As will be appreciated,

30  the various sensors can be any suitable sensor for collecting the desired measurements.

The electromagnetic transmitter canister 1230 is an underwater canister-type housing,

which contains the power amplifiers to drive the electromagnetic (EM) coils 116.
Conventional high-power audio amplifiers are suitable for this application. The “audio”
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251236 includes a depth sensor 1240, Doppler velocity sensor 1244 to determine the velocity of the
ROV with respect tertire ocean floor 128 and/or water column, inertial serper 2480 deenni3 467,
roll, angularW&eWhl3t4idslational accelerations, heading sensor 1252 (sucRGEIBH9E0SH6E
gyroscope), and acoustic transponder or responder 1256 to communicate with the surface-based

acoustic pogifigning,ayaiamt AspiiiicRe)FRErEeIRteco RO TRNRH QUS SRRPER M AIE A SUitable sensor
for collecting the desired measurements. The electromagnetic transmitter canister 1230 is an

underwater QAR ) IBHEEIRY, AR IR tREtH el eS8 5V dhhe electromagnetic

(EM) coils 1d6c tfopnuaniienadnighiayvemandio anRIfissacic sHikkledernthia@nplinalione the "audio”
14 P"r"'nn1103467 PCT/IB2008/003467 signal input to the amplifier(s) preferably comes from a
waveform gbHeiatbeth fertsmprrEetatieitesatidr e sRikidr 0252 Uicd nSReUPTHETERM 116 generates

the elegtromggngtiffigtiFivihichi ReRplIalSi )9 seaRREIN: MBARaKOBIH aHokcanlypge coil 116 is
used. In other configurations, multiple coils 116 are used. In a preferred Sconfiguration, first and

second coilSOpBgHTaHer Ylpvasksavtiensinsmukus s iasiolodirpirgt s e doeaidant o

emulate the,Qfigat-eth dipBRebrRWHRYIRGHANaRE Mach RN Bomdpeeitam without changing the
altitude of the platform. The electromagnetic receiver canister 1232 contains the sub-ocean data

acquisition and TBSEIRFHEBREELS AgcehorhRntc s eeRRiHRs TR ibRssan R thesstisgipn and
analog-to-digiatiHcprieiiens tinpubsioNals FgmpiieniaseivessSeRaadIddéh fnalsg-eaaipianicates

with the EM surface computer 1212, receiving commands from and providing data to the first

assemtly. et IR LR HEmbHiFRBhSRTE N ST it ikt BERRRIRTINLIGAS Y4 Bdhfhonents

in the transANIandriesebapeRPIBens A3 aptdhddnih erdmerhdga ausesta koansigrmer canister
1400, which houses a three phase step-down transformer with a 220 V center-tapped, data connected

secondary. a]Sl'ﬁﬁnglélélondary windings are rated for 15 kVA at 200 V three-phase output or 7.5 kVA at

110 V three-phaserputputd §ath theciabsiiicansfiiansiitia/acanistace seewnweied frynsthe
transformer canister 1400. The receiver canister provides Eower 0a muItE)e-am éonar sensor 1404.

An ROV terfORRABRANE M dhs Bt aBBaprbReRE S s @it i At apd dé ek BE RHACS HISTHSIE of the
transfosmerteanigiend4laised theoumbiiEdoldds a three phase step-down transformer with a 220

V center-tapped, data connected secondary. The secondary windings are rated for 15 kVA
at 200 V three-phase output or 7.5 kVA at 110 V three-phase output. Both the receiver
and transmitter canisters are powered from the transformer canister 1400. The receiver
canister provides power to a multibeam sonar sensor 1404. An ROV termination canister

20 1408 provides an electrical interface between the components of the transformer canister
1400 and the umbilical 124.

Fig. 13 is a block diagram of the system according to an embodiment. This
embodiment is similar to the prior embodiment except that the first and second assemblies
include a number of additional components.

25 The first assembly 1300 includes, for example, a plurality of mapping sonar
computers 1304a-j, a sub-bottom computer 1308, a multibeam computer 1312, a
magnetometer computer 1316, a gravimeter computer 1320, and a video processing
module 1324. The various components provide data to the EM mapping computer 1328.

The mapping sonar computers 1304a-j process data from the mapping sonar(s)

30  1332a-i, provide displays and controls for the operator, and log the raw and processed
data.

The sub-bottom computer 1308 processes data from the sub-ocean sub-bottom
profiler 1336, estimates the depth of silt covering the ocean bottom (optional), provides
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Fig. 13 is a block diagram of the system according to an embodiment. This embodiment is similar to
the prior emisodimentexcept that the first and second assemblies includepmaniberehaiifyN 3467
component3Y 9290t hssembly 1300 includes, for example, a plurality oPETBHE/80HaY computers
1304a-j, a sub-bottom computer 1308, a multibeam computer 1312, a magnetometer computer 1316,

a gravimetey; UiRA 134 Po R1E-aNUdBe HACEREINLMRIMS h3dprdhgsvarinus components provide
data to the E magging computer 1328. The mapping sonar computers 1304a-j process data from the

mapping sonar(s) 30¢3BFHRCHRRURPYISPIEY /S AnRresiRE drtadFame pathpreahBdiEbe@raw and

processed daifar(s) 130@ sSitediont comBuFeST HROSCBARRIRAR, PabR- TN .59 hRCEHIrsHb-bottom
profiler 1336, estimates the deith of silt covering the ocean bottom (optional), provides 15

P"r"'nn110325 1 PePEiHoHes shedrapiRs Recesisii&or the operator, and logs the raw and
processed data. ThERR.EHRREEE 6OMRHERT 334 2pRsecRs R dataH B §hB-skknpcean multibeam

sonar(s) 1340, estimates the contour of the ocean bottom, provides displays and controls for the

I
operator, afBASREIMSIEY dridreivadiss Bsiocsirmagnetimbelinateridshishleye 406 protekses data

from the sulpegeasaeneial R (8): 13d4nagioratgsdhatocal magnetic field, provides displays and
controls for the operator, and logs the raw and processed data. The gravimeter computer 1320

processes data frohEHE RS EECOTYRET] Ak Ar982sses At fiebihe By BrgmANSE hrovides
displays and pymtseisfacinecaperaian Aiandilegsihedavdapa y es8 $sat ¢latr the dhgageo

processing module 1324 includes display, logging, and (optionally) filtering, augmentation, feature
extract®n, rdiddo8\BRERY BWiRasiTed dathe EM mapping computer 1328 receives data from the

time synchronized Bab-R@topRoeesbmigialola08] 1Rt aesmpsry 1 Bhgirpulicamieampyter 1312, and
surface 15 navigation system 1216 and generates m%?s displaying the survey results. To make this
Ot

possible, all Bl AHESIAINS (SHH Fers s Ea o el AGBIG Y B he. Examples of such maps

are depicted in Figshd 83O ehsehisseehpelav)328 reccTs tinsh aese MBI h3QOHElvtiesdsphurality of
mapping sonars 1332a-i, sub-bottontar%rofiler 1336, multibeam sonars 1340, magnetometers 1344,
b

video camePQUARSOBHULSY él?’é)\%’rﬁg gggmputer 1212, multibeam computer 1312,and surface

15  navigation system 1216 and generates maps displaying the survey results. To make this
possible, all data is time stamped with reference to a common reference time. Examples
of such maps are depicted in Figs. 18-19 (discussed below).

The first assembly 1300 includes a plurality of mapping sonars 1332a-i, sub-
bottom profiler 1336, multibeam sonars 1340, magnetometers 1344, video camera 1348,

20  and gravimeter 1352.

The mapping sonars 1332a-1i include sidescan sonars and forward-looking sonars.
Forward-looking sonars are typically used by operators of sub-ocean vehicles to see
objects in front of them that are beyond optical viewing distances. This sonar can be
important to avoid potential collisions of the deployed arm with other objects, such as the

25  ocean bottom. Sidescan sonars are typically used for feature mapping. They provide a
wider swath than a multibeam sonar. These devices do not provide bathymetry
information per se; instead, they provide reflectivity information, which may be indicative
of bottom hardness and roughness. This information can be used to augment bathymetric
maps. Data from these devices can be incorporated into mosaics for future viewing.

30 The sub-bottom profiler 1336 is a profiler that looks into the ocean floor and
determines the amount of silt covering the hydrocarbon or mineral deposit of interest.
This silt thickness can be added to the altitude reading to better estimate the conductivity
of the ocean floor.
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The mapping sonars 1332a-i include sidcscan sonars and forward-looking sonars. Forward-looking
sonars arc typreallycased by operators of sub-ocean vehicles to see objegmMTrom ofnired 143467
beyond opti¥P ¥} Hd4dfstances. This sonar can be important to avoid pot@&tTATPNEMAof the
deployed arm with other objects, such as the 250cean bottom. Sidcscan sonars arc typically used for

feature mapping. THeyiawidenauidel svaiddhana SHEtRGARSRNATLINE S6HRYIRES L0 el Provide
bathymctry information per se; instead, they provide reflectivity information, which may be indicative of

bottom hardiesEmBASTGIgHESathmstHfTAtAfETHEHBe dEsdaBeE isanthsaeRphEtifdmaps. Data

from these deyigassaniReNGIRaeR A MRIBIST iR ik eyvigyyng. 30The sub-bottom profiler
1336 is a profiler that looks into the ocean floor and determines the amount of silt covering the

hydrocarbon or mifSfaPdEpeemstahisrksinaatie siRealicrpartic snasaekiated e ke SARGSPPE4AINg to
better estimgiig:thg-aanduchviy A theerear-llagss B thakhPRAGAE IiR20@8/003467  The

multibeam sonars 1340 comprise one or more multibeam sonars that are used as altimeters and for

bathymetric data abBEigitieh canersdAstamBwdiy qaspitgsichrubRsrny thigles tafiss AR Smaps as

well as congl gt Mans: anieNaeNeinEnel €6 LiddfcRAHIE dRpRIrMRANRIBRBOM3IRS-dMe data can
be post- 5processed and "inverted" to ienerate maps of the local magnetic structure. The video

camera 1348 aUsEen ¢ BhehrQBrLs S b ssRERCVBRTRISY 157 Sl Qcahiinoht SPIRSTILSH by their
clients for ingpRGtigaREhRXPIIMALERN PuResesptRatadwmMikssaaneias Catalaede usedin

generate mosaic views of the ocean floor. Furthermore, with a downward-pointing camera, "optical

flow" itformStiBRAEPh e T As P RE et it triinas tBihse et dI8¥peed and direction relative

to the ocean floor. The dheigiavimeser daida daieshvarysmadnianasensiavnsabarpriaiional fields.
They can be used to find de%o its of metals (increased gravitation) and buried g%iﬁ(decreased
|

gravitation). [ 1eY cgide s AR IrBASHS AfmiR SURE Gesd Biavarepd el BiHRch&Htiudes not only
15the EM sydfresasampatiahtled)? but also a sub-ocean computer 1500 typically housed in the

Receiver Canister 1232 positioned on the. ROY 100. The syb-ocean computer 1500 performs data
acquisition, data ogfﬁu%,go LS SRTFRAIBHB &l&&?ﬂﬁ%ﬁ%@ﬁ%ﬁgﬁnﬁ%ﬂb il wegaawcy variant

wavefosm, chatEsl fireiiensoiepdtdt iy hadditio aainsiseuneniamneand iy osd IperiRsn anitering,
(e.g., 20monitoring t peratwg, water alffrms, groglindf ults, power amplifier status) and
communicafSitH i sifabe catBleard SRR RN TCP/IP Ethernet protocols. The computer

1500 includes an AmnleghtedigitirtiphtEr’) somperteiniSdsa adqigiicinAaal eatpld; Afjeeanverter 1508,
a digital interface 1512, #&Floatin% foint Gate Arrat)'ﬁg("FPGA" 1516 performing sigpal capture
waveform gEHERERIP N RORbT A8 RS BSMS HE S S HESCLOREBIE 1 T SO orm is

converted, Byritieohy fe CONVRIRS additional instruments on and off), and health monitoring, (e.g.,

20  monitoring temperatures, water alarms, ground faults, power amplifier status) and
communicates with the surface computer 1212 via standard TCP/IP Ethernet protocols.
The computer 1500 includes an Analog-to-Digital (“A-D”) converter 1504, a Digital-to-
Analog (“D-A”) converter 1508, a digital interface 1512, a Floating Point Gate Array
(“FPGA”) 1516 performing signal capture, waveform generation, and control and health

25  sensing, and a host controller 1520. The waveform is converted, by the D-A converter
1508 to an analog signal and fed to the transmitter canister (1230) power amplifier. The
A-D converter 1504 receives the detection signals from the sensor(s) 116. The signals
detected by the sensor(s)116 are very small and are sampled by the A-D converter 1504 at
high rates (typically 20 kHz) and at high resolution (typically 24 bits). The reason for

30  sampling at these high rates is to improve noise rejection at the very low signal levels and
to assist the surface-based lock-in amplifiers in determining very precise amplitude and
phase measurements with respect to the transmitted signal. The sub-ocean computer 1500
can also inputs a signal from “sniffer coils”, which measure the field strength of the
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1508 to an analog signal and fed to the transmitter canister (1230) power amplifier. The A-D converter
1504 receivesthe getection signals from the sensor(s) 116. The signals dptexed myntheseyg

are very sm@lP248%4& 4¥mpled by the A-D converter 1504 at high rates (tyBfcEM3220843463and at high
resolution (typically 24 bits). The reason for 30sampling at these high rates is to improve noise
rejection at the MeINdPW Sigrrhievels and to assist the surface-based lock-in amplifiers in determining
very precise amplitude and phase measurements with respect to the transmitted signal. The
sub-ocean computEpadti8 Eamahsssitpats sRmarEs P ﬁ@r‘lé&%a’ﬁl%ﬁéﬁsﬂ’iééggpel%he field

strength of theyRlcanl 088G LhETHR2AARLON3ABICAranamitipd wavsfatBurfacd BEARiafrom the

sub-ocean computer 1500 and navigation sensors 1236 is forwarded by a fiber optic link in the

umbilical 12W24s phek&iectpatic Sirdreledsmpuiticsl Dbeniortigndgtrifmistien.abs shedlical fiber for
signal tsansmigsieRe Rlygdiehal Slaarcwads maddiatars and denedsdbaiarsaleacandAbthe bottom

end, it connects to the TCP/IP interface to the sub-ocean computer 1500 and the navigation sensors

1236 via speCARARNERS 1R UEL KRR RO, SO AR R RAY SRECB AR T SMBUEY 1212 and to

other devicegduitichaiespe aifierfactie RisRiapatio he-navigaliaR-SRRERESchAZRHR BOIMe variations,
the surface computer 1212 provides the instrument operator at 10the ocean surface or a remote

location the®2ifie B L sirrifthebghiarn spratfic iR o gt e end o) e i BRI 29t 1AE system

operating parametg{s@ng anahigastied estliscloinguieasurepentiiniealdifimmeit opeestyAkations, the
system operates independently, instructions for operation are pre-programmed, and the data is

reviewdd 1afBF QffeR HERSOY R ireirdesdtipn thaahiie iqran SRR VU At an ROV
below the 1hsgaciléace, @pentheaapstaterseht bpclatategarematelyaial theRQVhvethaesssip at a

location on shore. The surface computer 1212 comprises a software lock-in amplifier 1524, first

and second FECRFATHEGISES MPEHSERSN IROMAES A ESORS, the SYSERELARFS e erE Sty s 1536,

meter displaysliodOnProcepsed siatad pagingdnatiel LadtHinesaies datadlagaingnePmedule 1548,
and system control 1552. The software g)ck-in amplifier 15%;1 js a significant part of the signal
processing RIMCBTEROHSELSs & FERERRE <igh N FEMcEAEH S hPRGHLARAT £ ithe i nitude

and phase @tiheeiesiramagnepis -sol hlghdbyingfudramioand ihenereived gigiahiion £ach sensor
116. The aT?pIifi,er 1524 then calculates the magnitude of the received signal at the transmitted signal's
frequency afG*¥8PrEsE 8fthe received signal relative to the transmitted signal. The lock-in amplifier

1524 can provide amef@achivevaipitcieasurenipe REWplsfteaanib ghasenplifiersignal firshengresence
and phase CEFAED By W FRYGreLTSERA T LR ArCH ST ea Wy A PR he
reference dessaduiationdigprameszi0] phfs @oedidptitisigra module 1544, time series data logging
20  module 1548, and system control 1552. The software lock-in amplifier 1524 is a
significant part of the signal processing function. It inputs a reference signal from each
“sniffer coil”, which tells it the magnitude and phase of the electromagnetic coil 112
driving current, and the received signal from each sensor 116. The amplifier 1524 then
calculates the magnitude of the received signal at the transmitted signal’s frequency and
25  phase of the received signal relative to the transmitted signal. The lock-in amplifier 1524
can provide an effective way to measure the amplitude and phase of the signal in the
presence of noise. The noise is removed by performing a Fourier transform on the input
signal at the frequency and phase carried by the reference signal. The Fourier transform is
performed by the inputting the reference demodulation parameter 1556 and input signal
30  into a plurality of demodulation channels 1560a-n, each of which corresponds to a
particular magnitude and phase. A lock-in amplifier acts as a narrow band-pass filter
around the reference signal frequency.
With reference to Fig. 16, the reference signal 1600 is fed into an internal reference
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30into a plurality of demodulation channels 1560a-n, each of which corresponds to a particular
magnitude amdphaserA lock-in amplifier acts as a narrow band-pass filteparoundireveR/gng 467!
frequency. Wgh2RePdrE448R to Fig. 16, the reference signal 1600 is fed into aRGA(EpIS/AFtENCce 18
P"r"'nn1103467 PCT/IB2008/003467 synthesizer 1604 that extracts frequency and phase information

from the referrnegiSignabane.oeesale && BLEySIRg MRNE HENB ARG eARIMGIRORIRSNAVE AR 2. The
sine wave 1608 is then mixed 1616 with the input signal 1620 to form a mixed signal 1624. For each

frequency cOMAFSHETHSA TR SUCIE KRR e RiieFosis faiseratds ths SasuesedhiSosents:

one with theifsagHrRay 6a6dliiA theidjfiirrgnea hedyesothe fMaauengissiof dbe intgwahreference 1600
and the signal component ((OR - (0s) 1620 and one equal to the sum of the two frequencies (coR +

(0s). Note ARSI R RAERAESEE iRt sighal 162b edtheshtle ssRasise e f¥gttncy as the
referense signahdRA0s:(GrnaxRIgR iNcldrcsumealay aemituda bigher fieguensyubasmesiaadue to

nonlinear distortion, but these will be 10removed by the downstream low-pass filters 1628a-b.)

Because th&tspi srdpienes 26 0anthbesisraleaiurensbithe wsielbARendsacceyr)iaikeiunmixer
component yflaqye FRgueanskaaal 8.9 (ARE finalh ARfie secad BlECmRERERLNl have

!
frequency equal to twice the reference frequency (2cOR). The low-pass filter 1628a that follows the
mixer 1616 feesenme fejdorental figayapay wetiDacig ¢hestyigomhponentIMmeymbgritoddosatis
component s prgportionalin fop el aHBR R iBpal R20 sRECHGRAIN i lndamental
component at coR) and the Tosine 0f its phase relative to the phase of the réference signal (Acos(0)).
This glintitieBaeddisdho degvnstreahlewapass pridtiesH S abplied to the input signal 1620 by the mixer

1634 using the 20pyre cosjne wave Ity "Y Yel rtionalto the
amplitude of the s%;lege?%%r%%%n n% %%%egsp tf:?@sqlgdg g}%{gﬁ)ehég sgf?uéﬁgé}?hg(&f&e%%@g’% tggR é two
quantities, the amsplitiuce ¢(dmbeiryttheleeotofisymrent Kegnal 10 GfalD€latymphasetiR sbaing the angle

whose tangentis (he rallo.of 11Po Auanities) af.he fnut yanafcan s caleulaled, 2pThe ROV
altitude compensaﬂo modules Il?:f]i] a-Bqalllppﬁycg}lrectlon factors to the mag(llﬁ]tu&g AR ou put from the
Software Ldok-passriptifierc2B24hdt thERE Yhésnmaaring lévisrstheohejtoncatgthonstantiatidale, any
change.in nitude can be agtributed to.changes in conductivity. However, jf the platfgrm is changing
UL thell EHARQRT T B d e TAGSSE TSmO Ao a P Ly o
compensati¢ie iupaticignisds 2Cipat daie O ne duind eleatibroagoatiatsensgrahd 6his ¢otegs aigs with its
platform (e.g., the ROV), the sensor 116 is passed aqver a site that has varying levels_of conductivity

h
with Continmli/r\?%yﬁdqﬂ}&wﬁff&f Apeyreference signal (A-cos(e)s. This quantity is referred to

as “X.”

The same process is applied to the input signal 1620 by the mixer 1634 using the

20  pure cosine wave at or, and quantity “Y” is generated. Y is proportional to the amplitude
of the signal component times the sine of the phase shift (A«sin(0)).

From these two quantities, the amplitude (A, being the vector sum of X and Y) and
relative phase (R, being the angle whose tangent is the ratio of the two quantities) of the
input signal can be calculated.

25 The ROV altitude compensation modules 1528a-b apply correction factors to the
magnitude data output from the Software Lock-In Amplifier 1524. If the ROV is moving
over the bottom at a constant altitude, any change in magnitude can be attributed to
changes in conductivity. However, if the platform is changing altitude, then changes in
conductivity may be masked.

30 A simple method for generating a compensation function uses actual data. Once
the electromagnetic sensor 116 is integrated with its platform (e.g., the ROV), the sensor

116 is passed over a site that has varying levels of conductivity with continuously varying
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PCT/IB2008/003467 altitude. The altitude variations are selected to be typical of those that will be
achieved dur#rg theapcoming survey. Once the data has been collected, plotIrofrap averefy() 3467
magnitude ré$hYW8O3A48RItitude and (b) standard deviation of magnitude reBpbAB&&delide are
generated. The magnitude response is approximated with a simple, smooth, 5inflection-free
polynomial fypgfien. THis paRARAHNCHRN Qo BIGd date fag tiuds aompaitsasion module.
Once the altitude compensation module has been configured, it modifies the magnitude data in real

time before #ENBYHHPSANAR SHYEY 19158 BselaifohaTheergatisradoniet) PAGELAFSIBSR provides
displays anghGeRifials tesimRnesaiRfl @Sk @5 Waledalaemand oronsshiaidl algsonglisplays, select

meter displa)és, change calibration parameters, and configure and control logging behaviors. The

various disgiHifAbatEsnesasd1 S35 MABPIHAD ISIBORKE VARV IR Yt theoplsaitoth,  The
modules 15gHhanthAi e mffﬁdﬁﬁﬁmﬁﬂ%)ﬁﬁﬁW@%ﬁﬁﬁfﬂﬁéﬁoﬁ@ﬁ%@ﬂaﬁf%@%ﬁ%%@eth0d0|09y
Fig. 17 depicts the methodology of one embodiment to process the various input signals. The
measuremettifdqpitamRepiMicR medulgion (step 1700) of a suitable waveform definition to be inputted

into the FGPA 1518 dhanwavielaeocisiratadds aridinited e 20 sipuseidal mametarmdut may be any
desirable waveform, such as a triangular waveform, square waveform, boxcar waveform, saw-tooth

waveform, &%}H&dﬁﬁﬂ&ﬁw%}équﬂﬁ %Hﬁﬁ%%ﬂ%ﬁ?émwmﬁ%‘fraﬂon, when a
triangular waveformis ggentaCdiive the,aeik 1322 pasadry gilpmnrkda thatihie ipdhcepeeaoent around

the sensor will have a square-wave profile. However, other effects will limit the sharp transitions. By

lookind%at 281AR &iersh kB atdernnd ulafamy Al rhusive G vastiiisalane dHAF transitions, one

may be abledniniesoheiiveinatiarsegaidinm i eesen flaas bdBafiersexample, at low frequencies
one would expect to observe induced polarization (IP) effects. The frequency of the AC excitation can

be varied over a wid¥ rARESSISPRYMABLER 5°H2 th Bt SOt R QEKn Aeiot (LSRRI 3 he
selected waygiariar definition is converted into an analog equivalent (step 1704) and thereafter directed
to a raw data store 1726 Q{f inputted inta the FPGA 1516 (step 1708), and}? enerated electrical
current waveform iﬁﬁ%fﬂ?ﬁ' S thatgit ot SARR ARG Sagn afid pprstg the electrical current

passing through the energized coil 20 Signal Processing Methodology

Fig. 17 depicts the methodology of one embodiment to process the various input
signals.
The measurement is initiated by user selection (step 1700) of a suitable waveform
definition to be inputted into the FGPA 1516. The waveform selected is not limited to a
20  sinusoidal waveform but may be any desirable waveform, such as a triangular waveform,
square waveform, boxcar waveform, saw-tooth waveform, pseudo-random waveform, and
combinations thereof. By way of illustration, when a triangular waveform is used to drive
the coil 112, Faraday’s law holds that the induced current around the sensor will have a
square-wave profile. However, other effects will limit the sharp transitions. By looking at
25  the differences between the transmit and receive waveforms at the sharp transitions, one
may be able to infer other information regarding the ocean floor 128. For example, at low
frequencies one would expect to observe induced polarization (IP) effects. The frequency
of the AC excitation can be varied over a wide range, ¢.g. from about 5 Hz to about 500
Hz. (Skin depth vs. gain)
30 The selected waveform definition is converted into an analog equivalent (step
1704) and thereafter directed to a raw data store 1726 and inputted into the FPGA 1516
(step 1708), and the generated electrical current waveform inputted into the coil 112. As
noted, the magnetic (H) field from the electrical current passing through the energized coil
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waveform irr#ire suprounding electrically conduct medium. In the case of {pramyeRa e 8503467
generated eYERRABEHENt waveform for example, the eddy currents will b&8GTARRISHI O quare
waveforms. The H-field sensing "Sniffer" coil 1712 receives signals related to the transmitted 5 field

output from fhe FANSMIETRQUHHch? c AL SRR éﬁ@EwHé@&-ﬂﬁiﬁélPWQ\@%% Frigldaessiashgipole

1716, receives signals related to the corresponding -field. The received signal(s) are converted by

the A-D corfléftEire i seandiehadivn oty thy sas HiRRgY Ho YR AP SoRiBRRIHES) ClPRltiStlected
analog waveferairavidehigdhexiapamitiecsqy dutkand thedigitat esuivaianinef the dpasured H-

and E-fields are stored in raw data store 101726. In step 1728, the real time or post processed

analysis of the recétveldisHhicsinacRHéfrosed: YaRdRssH PR b Edagddeshe frarsaitistrelation of

receivesl signal{Duvyith SYRCHONaHSY Hoeast e ransritiesSignaliscRasiorgiad o J e Hiffigld sensing
coil 1712 synch‘rono‘uslkf measures the transmitter si%?al. The output of this step arc a real and
8

15imaginary$etgetieg admifintreshsnsisrahirdpehio thaisne donndingdsiishde T8anecretured
transmitted yavafoyare Bynnaastsinentha-iD anl eréRf 1B0assEpsnonsamt alliaguyereesyine

. : . . Sy .
responses can be converted into an equivalent time domain response, and, by measurgng the time

response atti i RBRIFRES B RRl Fedstrlee Y bl TR maridad ted imtegamiienest dhd out of

phase respangen<@lpislieRdik3fbnsy SRt PRSItRR NG 256 eCALRR seCosHADiMaasHAeMRIS and sonar
bathymetric information (if present) and other geophysical data (if present) are retrieved. The

output]soof sldp81728 and 1734 are provided to step 1738. In step 1738, the measured data location

information from stepsp34 3 neraed wilb e sasneuss funetaRkesPORSeHRIISIBRA®ESuch
electromagnetic system response corrections applied, 25 and real time or, post. processing and

map-makind e RIS L URBICIPSEST 10PBR L WRABFUTSIALER ?6 TR SE sl HEthBithout (step

1742) or stogaetindhsupliparasee dinahdaiastone (steppbiencinerenphysicehSusueying Method Prior
to conducting geophysical surveys, the system is_normally operat?%{ﬂopen 30 water to take test
measuremeVe IR A HECS (AT FATRIIST gisetle CAR B RERHSHEBEMEen coil

currents coiligRomaet e aleesatenaeepaaty fiseien aidasions ybakwaysspenpsasant. Furthermore,
local resistivity will Qe distorted by the need. to deploy the sensor, 116 gn a submersible vehicle. The
submersiblél\?élﬁ‘i‘(t,ﬁgG&ﬁflﬁ%ﬁﬁ%%WT?W"mWﬁW@ﬁ/}Eﬁﬁggﬁégwse response at al

frequencies, the responses can be converted into an equivalent time domain response, and,
by measuring the time response at all times, a measured time response can be converted
into an equivalent in and out of phase response.
20 In step 1734, system positioning and location recording measurements and sonar
bathymetric information (if present) and other geophysical data (if present) are retrieved.
The outputs of steps 1728 and 1734 are provided to step 1738. In step 1738, the
measured data location information from step 1734 is merged with the response
function/response from step 1728, electromagnetic system response corrections applied,
25  and real time or post processing and map-making performed. The output of step 1738 is
either provided to the user as data output (step 1742) or stored in the processed final data
store (step 1746).
The Geophysical Surveying Method

Prior to conducting geophysical surveys, the system is normally operated in open
30  water to take test measurements and calibrate the system. Although one can model the
relationship between coil current, coil geometry, and electrode geometry, some variations
will always be present. Furthermore, local resistivity will be distorted by the need to
deploy the sensor 116 on a submersible vehicle. The submersible vehicle will include a
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combination of conductive and resistive components, which will distort the local resistivity. With the
transmitter coif 4 120transmitting and sensor 116 receiving, one can obserptranges meenyg3 67
voltage as tNeOIMBridiHle vehicle approaches the ocean floor, depending BRIB2AEPGEESDottom is
more or less conductive than seawater. This is 5 a very simple qualitative test of bottom conductivity.

Similarly, ongasmhaRseorR dnaRieeIatevolage MRS RAEK tPhfshnermakerndiien.as the vehicle
departs from the seafloor Followin testinl%;éand calibration, the submersible vehicle commences a

survey pattéfaisiViyin g dlethmsageration 5ot 128 HaesmEHRgrHESEMeIIS fsfsiHagorReLRPansmitter
output levelgplesiradanitage i dsiRriong:c AR dnctiyiimealtiide 1o talippaéa dRudC ity and

geographical position (latitude, longitude, depth) - to allow conductivity maps to be generated.

15Additional ot RBERHRE 20 hehanye SeKe HBIRFRP bI5Ss AT URENFIEan seavaietinBErY the host

vehicleqto aflownsimiplangaimeenfiairnetdal@nRREGaNAUGHNIN NSRS baRRfbscrve tRUD-bottom
profiles - to estimate the thickness of the sediment below the host vehicle, to improve the estimate of

altitude ovef'gréreds i O BAckh dsdrmplrontiias ey bR kRl derratogddphysical

mapping is peifridred. Rather than fly the system at a fixed altitude above the ocean floor 128, one
can exploit the behavior that is presented when approaching and departing from the ocean floor 128

by "dipping" along Ftf ARG tingerDd Rt s sutmeriblmvaliel s soR e AN ¥ontinuously
monitoring thattesuliny aleetrade yelagel e wihdeoaphiethatrdidhtmeyatermiginat limited to

detecting deposits in a sea environment. It can be used for detecting any type of object with
anomaldus resistiVEeBFBEHAI KR SF¥Perties on or embedded within the ocean floor. For example, it

may be used for firgipgddipes|Rizetded bl ARiegistiligan be used to measure the in-situ
conductivity of a conductive qui,%é It can also he uasaegd to detect salt-water lenses or fresh 30 water
lenses in a body of WHIEF Bsalbraly SebStBitoried to measure the apparent resistivity of the

bottom of a lake orEygraphibe pansonirtieaibiddn@inahepan-hedlod candaetsghiapstimate the
conductivity of the fluid, and various geometric interface with a conductive fluid below it such as water,
then the cufeSEBEHHhtion in properties of the P'r"nn1103467 PCT/IB2008/003467 flu d such as

depth.|Bal A pradeivne] gefphysicakisysicivi i byea shavmin spesithr inasdesed for
electromagnetic surveys over a copper mineral prospect located at 1700 m depth. The 5mineral
prospect has beent?}ffé‘m()tl%‘i’)}”cmﬁ %ﬁ%&iﬁ‘g}a&ﬁow simyltaneous generation of terrain and

conductivity maps), and

sub-bottom profiles - to estimate the thickness of the sediment below the host
vehicle, to improve the estimate of altitude over the ore-bearing rock in the ocean floor.

20 Based on the logged data, geophysical mapping is performed.

Rather than fly the system at a fixed altitude above the ocean floor 128, one can
exploit the behavior that is presented when approaching and departing from the ocean
floor 128 by “dipping” along. In “dipping”, the vehicle’s altitude is altered in a periodic
fashion while continuously monitoring the resulting electrode voltage.

25 As will be appreciated, the system is not limited to detecting deposits in a sea
environment. It can be used for detecting any type of object with anomalous resistive or
conductive properties on or embedded within the ocean floor. For example, it may be
used for finding pipes or other similar objects. It can be used to measure the in-situ
conductivity of a conductive fluid. It can also be used to detect salt-water lenses or fresh

30  water lenses in a body of water other than seawater, or used to measure the apparent
resistivity of the bottom of a lake or river. If the transmitter coil is in air above an the fluid
can be used to estimate the conductivity of the fluid, and various geometric interface with
a conductive fluid below it such as water, then the current distribution in properties of the
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Fig. 19 is a bathymetric map showing the mineralized and non-mineralized drill holes, drill holes
awaiting assay reseltsy the projected extent of the mineralized system bagapd™on/eriimgacIng 3467
the observeW D #¥op. Fig. 18 shows the electromagnetic response Reb3B?ee$893t4¢e prototype
geophysical 10system. The mineralized arca projected by the measured electromagnetic response
correlates clpgalyyeth.thepaineralized area determined by the drilling program. The exemplary
systems and methods of this invention have been described in relation to ROV-based ocean floor
surveys. However, to avoid unnecessarily obsﬁﬁ@@@@esent invention, the preceding description

omits a number OfKQQWBt%&%BHiﬁ%@@QI Ipdevicasnd Bipomission isipotdo Reycansirigd as a
limitation of the scope of the claimed invention. Specific details are set forth to provide an

understandifi§HOIHASHRSSHE NV RXTSH 2 EMSEIBHSTHEDEY Bechisdehit d 1A rHis e sERE invention

may bespraghigRehin R yiehaobuays-oayand thaispasticdejall set forth herein. Furthermore, while the
exemplary embodiments illustrated herein show the various 20components of the system collocated,

certain componentSisf IRdsa/Bathrestipapshed rantbeaninsrdictdrnddienmeivial iedrBilled network,
such as a LadYeanhioribr Jnteinate aswithiviatsladicated aystettent bashdtahruid Ra sppsaciated, that

the components of the system can be combined in to one or more devices, such as a autonomous

underwater SRR dfBliRg g0 R eSO RBaSHES SHEJSAHIIRE node of a distributed network, such
25as an analog angier igitahielaserermneaHens REPHNK b RACKE bSWItChroRINRs B Rysical

circuit-switched network. It will be appreciated from the preceding description, and for reasons of

compdfation¥Fishicidhieyninetirs Carmp Brfted o the et ed F S e st A SR Scation within a

distributed netnwiteotRABPOAENEMINCHT e ciing dberanasatignued thelsyseoLrar example, the
various components can be located in a switch such as a 30 PBX and gﬁdia serve]r;Ei %ateway, in one
fi

or more communichlOFEARIESYaaBr Moteds of I AR RE P AERERSIRIHEEO Mthereof

Similarly, onglgidhesRIONCHaR QRLIONERfsthe SKStervvwead fedist iwiect RaiYeebsauring
telecommunjcations device(s) and an as(iioci ted computing device. P"r""'nn1103467

PCT/IB2004503FPT NV ERlife FFRE T UAB AP HAPLSP T R EMHAP Ehe VB SIS ARLting the

elemens carecy/irediobmiikelensslmksoticaipn sanmbinadidimtheiaob fahasopther tkpewmidlater

developed element(s) that.is capable of supplying and/Qr communicatjng data to and from the
connected TRIEIY: éﬁg 1&/%&81 AT RPEIHEISE Bég%%ﬁﬁl lﬁﬁl{géﬁﬁaeﬁq% be capable of

communicaiingeisatypteddufooatos: BTcappraissionthedia pasenastirksiclorayavplaccanibe any
suitable carrier for electrical signals, includj oaxial cables, caopper wire, fiber optics, acoustic links,
and laser b&afHEha Ay T RER %ﬁ?%@gggﬁﬁﬁsﬂ %‘ﬂﬂ%ﬁ;{\? , such as those generated during

radio-wave, blue-greehdasere anti Robystietglemetnidalianeam itlunieatio ns:c10Ms0; thbiartbeas
flowchayts have been discussed and illustrated in relation to a particular sequence of events, it should
po apPlooiaEE AL BHATGLS Rt SHLOHHA bATEEIE O M Lo GLEMCe A SR AT materilly
affecting thecopsedfian dfsthe ipmeidhof a distributed network, such as a LAN and/or the Internet,
or within a dedicated system. Thus, it should be appreciated, that the components of the
system can be combined in to one or more devices, such as a autonomous underwater
vehicles, towed devices or collocated on a particular node of a distributed network, such
25  as an analog and/or digital telecommunications network, a packet-switch network, or a
circuit-switched network. It will be appreciated from the preceding description, and for
reasons of computational efficiency, that the components of the system can be arranged at
any location within a distributed network of components without affecting the operation of
the system. For example, the various components can be located in a switch such as a
30 PBX and media server, gateway, in one or more communications devices, at one or more
users’ premises, or some combination thereof. Similarly, one or more functional portions
of the system could be distributed between a telecommunications device(s) and an
associated computing device.
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A number of variations and modifications of the invention can be used. It would 15be possible to
provide for seme featares of the invention without providing others. F(p exaisenm oee' g

embodimentY thtP Q¢4 oriented transmitter coil used to create the time V&G WHYRAGT field is
replaced with a horizontal moving electric dipole. In this embodiment, the sensor is a coil optimally

positioned in the vetfigalplane @fsﬂaﬁlﬁ%%ﬂﬁ%gﬂ&?{ﬁapﬂh@@ﬁi%ﬁm@nﬁ@|Qoﬂ}i%%§¥lgQHedip0|e optimally
positioned in the 20vertical plane of the transmitter current dipole. In yet another embodiment, a

conductivity HBYEHICAR A8 (ViEcther Sy edensthitie Q5 Y (FRMPABKINB (her nBURBYIRISE O WEean water.

This will prayidga Basal s@/@l@ﬁemfpfﬁaﬂstb@pmﬁ%nwpgtﬁh% MBPLIAESNRISMMRRSIEes an
anomalous value when close to the bottom that is referenced to a value measured when surrounded

by sea watetrfiradhieon¢rded Blemssitord hese witsther ettt adiadsacerseditksr magnetic

field sepsorgrrmaeBlOYSShER HRlPRAMRIRIS SRV IO AfoasmALI T RIeRRdY saTRaMNaR &N be
measured. In another embodiment, the sgstem as a very large, high current tranmitter loop

deployed fréfRIEhifPT s MO csd hhany-riHrble sAuiR fResiseltertniesby Brtulivarradtcaptive, or

a free-swimgaines, KppeF wikis fvseiapi Rt theotyatenn Mo Naveansidamhie depthRapatiation.  In
other embodiments, the system and additional mappina sensors are modularized sq that they can be

deployed o QuHiRPd ighierise sveh idRoshgdl I ionyAY o4 perdiRen roeugnd

PCT/IB2008/Q346 fchenRE Mt AsbismiaaiRm submersibles, towed bodies, gliders, or bottom
crawlinﬁ systems. In another alternative embodiment, the data logging.and navigation systems
t

are omfted, so that e MRt hefosrbartnbne tretrbsshtsrband Thuirgd 1B L IM9 for Simmediate
interpretatioguriit Rt sfqibeicarnbesimanthihecod dpbdsiseplacad Mt anRlgeisadapdr.  Inyet
another embodiment, th% systems and methods of this invention fcan, be jmplemented in conjunction

with a specAPBIHBRSE B BUARFIEC SRS BTN raptTebs atter i Bt SREafien A dSeripheral
integrated cirgdittriement(s), an ASIC or

A number of variations and modifications of the invention can be used. It would
15  be possible to provide for some features of the invention without providing others.

For example in one alternative embodiment, the vertically oriented transmitter coil
used to create the time varying magnetic field is replaced with a horizontal moving electric
dipole. In this embodiment, the sensor is a coil optimally positioned in the vertical plane
of the transmitter dipole, or an electric field measuring dipole optimally positioned in the

20  wvertical plane of the transmitter current dipole.

In yet another embodiment, a conductivity meter is added to the system to measure
the background conductivity of the ocean water. This will provide a baseline value to
correct the response of the system; the system measures an anomalous value when close to
the bottom that is referenced to a value measured when surrounded by sea water and distant

25 from the bottom.

In other embodiments, additional electric or magnetic field sensors are deployed so
that parameters relating to an asymetric orebody response can be measured.

In another embodiment, the system has a very large, high current tranmitter loop
deployed from a ship in which case the E-Field is measured below the loop either with a

30  captive, or a free-swimming, sensor. This variant of the system would have considerable
depth penetration.

In other embodiments, the system and additional mapping sensors are modularized
so that they can be deployed on standard underwater vehicles and platforms. These might
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10other integrated circuit, a digital signal processor, a hard-wired electronic or logic circuit such as
discrete elervemt tireuit, a programmable logic device or gate array such @PIDIBNAPEY)BAG7

special purp¥e28¢aptay, any comparable means, or the like. In general, TABINEE3dt'means
capable of implementing the methodology illustrated herein can be used to implement the various

aspects of thisppredtiop\sxampladsdanardvRietRal £asHRS USROS R BIWINGNTION includes
computers, handheld devices, telephones (e.g., cellular, Internet enabled, digital, analog, hybrids, and

others), andbtf&hardware known in the art. Some of these devices include processors (e.g., a single

or multiple MiCroprRCARSIALS)alPRRIMNY cRBNIRIALHE, ﬁﬁ@@eﬁ@'ld')%%ii{gdﬁid%igﬁ%ﬁ'd%%&@éﬁées-
Furthermore, alternative software implementations including, but not limjted to, 20distributed

processing 8PESTApthERY Bl dRttEnsrBLRBY sroessshiginsaHAarors ceading, oraditlihhiathine
processing gameaisadrcepiiged to implement the methods described herein. In yet another
embodiment, the disclosed methods may be readily implemented in conjunction with software using

object or object-orBhYEHESHERFEGRGENSHt ebhiArbriTRIate drath POVIRS (5RAEE source code that

can be used on a AR AhEMPREBHREMME HRIa{iaBHNatiarmshote bTatialy dhesdisalpsed system may
be implemented partially or fully in_ hardware usini standard logic circuits or VLSI design. Whether

software or FARIRRSESE TertensHBR RHEh R SoLIIIRON SREBHISHh AR RS Avention is dependent

on the speeghipsirRiceilisianavitesciiroratanf HesstamébtRAriRuar dofustignapnadtheparticular
software or hardware systems or microprocessor or microcomputer systems being utilized. . In yet
anothéPemsﬁm%ﬁgrﬂ{%dcﬂgemgeﬁodﬂﬁ&a#é@%agpssswn?ahwﬁmmsﬁféapm%%h?%&feceﬁ%an be

stored on a giehagelnectitBleR¥eCLiediQn Programmet gene'advide dr gateakiP3dé as PLD,
PCT/IB2008/003467 purpose computer with the cooperation of a controller and memory, a special

purpose cornpiidrt S itrdbrSRESELPUEPARR GLRPHEFthARY SAIAHERL Reas,ABhs Uk Hbthods of this
invention canhedmaeraevitedsasiRarat.paRestiRehiiearsNakGasiRsis oyt @srarapplet,

JAVAOQ3.) or CGI script, as a resource residing an a server or.computer workstation, 5as a routine
i

embedded PR SRBIFERR S S WA EO RIPBISSAY B Me FEMRIF Eystem can also
be implemenieghhbyphysicallydncesforatingtemystemisndiorunatbohpaters sefturria andtes hardware

system. telephones (e.g., cellular, Internet enabled, digital, analog, hybrids, and others), and other
hardware known in the art. Some of these devices include processors (e.g., a single or
multiple microprocessors), memory, nonvolatile storage, input devices, and output
devices. Furthermore, alternative software implementations including, but not limited to,
20  distributed processing or component/object distributed processing, parallel processing, or
virtual machine processing can also be constructed to implement the methods described
herein.
In yet another embodiment, the disclosed methods may be readily implemented in
conjunction with software using object or object-oriented software development
25  environments that provide portable source code that can be used on a variety of computer
or workstation platforms. Alternatively, the disclosed system may be implemented
partially or fully in hardware using standard logic circuits or VLSI design. Whether
software or hardware is used to implement the systems in accordance with this invention is
dependent on the speed and/or efficiency requirements of the system, the particular
30  function, and the particular software or hardware systems or microprocessor or
microcomputer systems being utilized.
In yet another embodiment, the disclosed methods may be partially implemented in

software that can be stored on a storage medium, executed on programmed general-
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Although the present invention describes components and functions implemented in the embodiments
with refereneemto partieular standards and protocols, the invention is 10ngplitedimonsnoed

and protoco¥¥OG¥PEi#iflar standards and protocols not mentioned herein Bt iB481¥3de’ and are
considered to be included in the present invention. Moreover, the standards and protocols mentioned

herein and gifigbsinianatandatdmaeddpirais notamenivpeshateinsre pesigslicalysuperseded by

faster or more effective equivalents having essentially the same functions. Such replacement
15standard SURRYETO Y PREORTSTe Uathtel K clibHS s s 3RS Rie ot wgiGva apidnptadeefin the

present iNVeRLQAventiol @RISR IIMERLANs iPry o sERRasine HsscanficHptietsuind aspects,
includes components, methods, processes, systems and/or apparatus substantially as depicted and

described hETBIR HANARIPUS SIS BRhTS TSEARCS It OB RTLHSF 5 A DRSS R Fhose of
skill in the agt wilbunglessidradbavk 1 JaakeranchbsRiba dressriineatan-eigoHpsiesitandirg the

present disclosure. The present invention, in various embodiments, configurations, and aspects,

includes proiging ey B Pprovdlsasatpdihy Blbsisrlly dRsIpREHedEpiYasE R ddPHescribed

herein or in yRfiRds B0 ReSiIMertan e ligrdatiensyemspects hereof, including in the absence of such
items as may have been 25used in previous devices or processes, e.g,, for improving performance,

achieving ease an\bRoBeR S PESSRLINTBIARESEStBRS compprerss<gdify et <o irBriHednvention

has been prgsapigdifodiriéne sasatidusitation and descrntisns hhe Hesedenotit MotdptRnded to limit
the invention to the form or forms disclosed herein. In the foregoing Detailed Description for example,

various030 faokliralesk it eurh eandu di el srpeacls g Sthst istaHRr SHRTE SO SURRSALS Nebnfigurations,

or aspects faicthR i pesadstieanikiing Wil disctossivrdde featheasied inerRpkadiments,
configurations, or.aspects of the invention may be combined in alternate emgodiments configurations,

or aspects SIVERHAN ML WS ABS TP HREIRE bR FBioB et hits! ESHAH3008/003467 of

disclosure istagddripenaiaertiad as reflacing asritentiqriedidheydapnsedaysptipadiesiuires more
features than arc expressly recited in each claim, Rather, as the following claims reflect, inventive

aspects lie MIESEHRERVAIF ATl HRAY UIR GRS IBHALSIHYS cepfoliBgtianb stifhdib demRthiration, or
aspect.sThusatiiartellovdipgoebabnsharenharebyincarpaiate diiotmihisrRetqilec Resarptidad With each

claim standing on its own as a separate preferred embodiment of the invention.
the present invention.

The present invention, in various embodiments, configurations, and aspects,
includes components, methods, processes, systems and/or apparatus substantially as
depicted and described herein, including various embodiments, subcombinations, and

20  subsets thereof. Those of skill in the art will understand how to make and use the present
invention after understanding the present disclosure. The present invention, in various
embodiments, configurations, and aspects, includes providing devices and processes in the
absence of items not depicted and/or described herein or in various embodiments ,
configurations, or aspects hereof, including in the absence of such items as may have been

25  used in previous devices or processes, €.g., for improving performance, achieving ease
and\or reducing cost of implementation.

The foregoing discussion of the invention has been presented for purposes of
illustration and description. The foregoing is not intended to limit the invention to the form
or forms disclosed herein. In the foregoing Detailed Description for example, various

30  features of the invention are grouped together in one or more embodiments,
configurations, or aspects for the purpose of streamlining the disclosure. The features of
the embodiments, configurations, or aspects of the invention may be combined in alternate

embodiments, configurations, or aspects other than those discussed above. This method
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Moreover, though the description of the invention has included description of one or more
embodiments,7eonfigurations, or aspects and certain variations and modifpatignsrothena()
combinatio®¥ 0¥ttt ations are within the scope of the invention, 10e.& CHIBHWG/HB44ithin the skill
and knowledge of those in the art, after understanding the present disclosure. It is intended to obtain

rights whichyinglidesaiternative 8MReRe RIS CRPMIGHRRIANG QN RIPEGISES thesxiant aaiatted,
including alternate, interchangeable and/or equivalent structures, functions, ranges or steps to those

claimed, wHEgHBFS e Jari SR dbAR R CiRtererdN eriing By daiv RatheraefhrdeliRimttons, ranges

or steps arccinfiselored hriinvanshuithautintanding o puplisly sedigatg-any-patentaieosibiect
matter. P"r"'nn1103467 PCT/IB2008/003467 What is claimed is: eophysical method,

1.A
comprising:SMbQ&Y Ry iR SIS ShasRsfismhttsy, thedaliqudag GF?éfﬂSa%rﬁﬁ]E% Shaeig Aitadis
thereof priefiepihrrizantrRlyDelBliprieviding akieashpResenagoPasiiened Relopwihept teasy one

transmitter to measure at least one of an ambient electrical and magnetic parameter associated with a
conductive RTRRRGHNERERIGRBIFIY IHECR! least one transmitter; (c) passing, through the at least one

transmitter, electriogbrrrkaythavindi FRIReIpGovayefierimy e A A4d) shind the AFssiDbsaR (C),

receiving, from the at least one sensor, a signal proportional to the measured at least one of an

ambient eleRifRASFHEGALGHRES panistuations. ATGspeHS and FelfaiBYArisinpt iRRdgnodifictiong ast one

transmitter, sheatieRgbane HABEMIRL hadngoarexibiReieol RhRedkbesizentad Yadatomt least one
sensor, positioned below the at least gne transmitter to measure at least one of an ambient electrical

and mHYneficpatnitdr yethio skt donaledse dhtmiminstir stinafity tdptungipg e

transmitter; @@gknt disclosure. It is intended to obtain rights which include alternative embodiments,
configurations, or aspects to the extent permitted, including alternate, interchangeable
and/or equivalent structures, functions, ranges or steps to those claimed, whether or not
such alternate, interchangeable and/or equivalent structures, functions, ranges or steps are

15  disclosed herein, and without intending to publicly dedicate any patentable subject matter.
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(c) a power source operable to pass, through the at least one transmitter, electrical energy having a
selected waseformpavherein, while passing electrical energy through the et easeornerng )34 e
at least oneV¥e28P/Pé¢ti0es a signal proportional to the measured at least 8&d/HBEM3AMHENt electrical
and magnetic parameter. 3. Any one of claims 1 and 2, wherein the at least one transmitter is at
least one cofiHhig@tilgasiyqee coil oriented with its windings oriented vertically and with its magnetic
axis oriented horizontally, wherein the at least one coil provides a substantially 25 horizontal magnetic
dipole, wherein a rhajor aXi€etRREsRidBst e BMMESRBNted horizontally, and wherein a plane of the
windings at least ong seiligishsianialhv caplanaiwithcaplane sdrfingd Ry ibeatigaaharg sensor.

4. Any one of claims I and 2, wherein the at least one transmitter is at least one coll, wherein the
measured abRE5ef erengrhPERMBEYelectrical and magnetic 30 parameter is an ambient electrical

parameger and wheggiRdbripleatica (RAARRISE, iﬁo\éﬁlﬂ@kgé%l Balgahtoathegotwindingsefthe at least
one coill. 5. Any one of claims | and 2, wherein the measured at least one of an ambient electrical

and magnefitepatEmtletssons ahipiambisabFlettipalratldnaeasic AR spedtethvit e 7

PCT/IB200@8QR4 6 nadnsticsharmaie) iscmerastisntieldstenath. 6. Any one of claims 1 and 2,
wherein the at least one transmitter is at least one coil, wherein the conductive medium is an ocean,

wherein the at leadfbR& ARSI FHSTHIGT 6 CHYSH EReFE Jie vifdeeifdthe at
least one seps@tiRpasitioned between the transmitter and ocean floor, and wherein at least part of
an excitation field generated by step (c) is directed downward into the ocean floor. . 7. Any one of

claims'? and 2, wHEPeHHTAE the|BasH bR ST fnRESH i &t osa thimat it ARReelidhet AtRdst one coil

comprises fsiRRdosRCaNthEvlsapasiiianRdseBasr tapaafihaiterivdari miie atdgasiapesensor is
positioned below both of the first and 10second coils, and wherein the first and second coils are

excited by the electrical efefgfPaysical system, comprising:
(a) at least one transmitter, the at least one transmitter having an axis thereof

oriented horizontally;

15 (b) at least one sensor, positioned below the at least one transmitter to measure at
least one of an ambient electrical and magnetic parameter associated with a conductive
medium surrounding the at least one transmitter; and

(c) a power source operable to pass, through the at least one transmitter, electrical
energy having a selected waveform, wherein, while passing electrical energy through the

20  at least one transmitter, the at least one sensor receives a signal proportional to the
measured at least one of an ambient electrical and magnetic parameter.

3. Any one of claims 1 and 2, wherein the at least one transmitter is at least
one coil, the at least one coil oriented with its windings oriented vertically and with its
magnetic axis oriented horizontally, wherein the at least one coil provides a substantially

25  horizontal magnetic dipole, wherein a major axis of the at least one coil is oriented
horizontally, and wherein a plane of the windings at least one coil is substantially coplanar
with a plane defined by the at least one sensor.

4. Any one of claims 1 and 2, wherein the at least one transmitter is at least
one coil, wherein the measured at least one of an ambient electrical and magnetic

30  parameter is an ambient eclectrical parameter and wherein the electrical parameter is
voltage parallel to the coil windings of the at least one coil.

5. Any one of claims 1 and 2, wherein the measured at least one of an ambient
electrical and magnetic parameter is an ambient magnetic parameter and wherein the
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least one of different times and at different frequencies. 8. Any one of claims | and 2, wherein the
at least onedransnmtter is at least one coil, wherein the at least one transnpmﬂ'amatdeaetlgmeq)r

are mounteVen2802@a44§0n submersible vehicle and wherein the at least orRCIER38IEFHtérises a first
sensor 15 to measure an ambient electrical parameter associated with at least one the conductive

medium angfap A8 GRRthRENSRHAREASHIGAR-&pRIent magnetic parameter associated with the
conductive medium. 9. The method of claim 1, wherein the at least one transmitter is at least one

coil, further compriing: 20{8) P8R I ME28dréd ¥hsheiritBmahlsan IR BREYERE Y2t le3g

receiving a pfeERNCe/AIGEAl fFePoa RRERRhRENSATiShA RigrenGRsighalinditalingR Magniiude and
phase of the electrical energy passing through the at least one transmitter; and (g) determining

a magnituddSoPeRkiARed S FUCSRLY deatrrBatieréyils PreUlectiesDsBRerhSANd PSR ithe

measured sigRalencd BEwERE MMethRGehRlisimAd Wheisimiwe, aldeasthenadrangmitepds alfeast one
coil, further comptisintg:bgs) receivingéa measured signal from the at least one sensor, (0]
K

receiving a FefaidHE genrsted Restind Sengiredisd Aoarsrd ihtheRsrtidie®ly a magnitude and

phase of the electrical en@rgy fAassingdhrouohrine afleastome HansRIBRE (anaaneiting gsine and
cosine wave components of the reference signal; (h) mixing the sine wave component with the

measured s SYBETaR dberaf Rpspope goih epimprrseciinbarhaseerhggils positioned one on

top of the other, wherein the at least one sensor is positioned below both of the first and
10 second coils, and wherein the first and second coils are excited by the electrical energy at
least one of different times and at different frequencies.

8. Any one of claims 1 and 2, wherein the at least one transmitter is at least
one coil, wherein the at least one transmitter and at least one sensor are mounted on a
common submersible vehicle and wherein the at least one sensor comprises a first sensor

15 to measure an ambient electrical parameter associated with at least one the conductive
medium and/or a second sensor to measure an ambient magnetic parameter associated
with the conductive medium.

9. The method of claim 1, wherein the at least one transmitter is at least one
coil, further comprising;:

20 (e) receiving a measured signal from the at least one sensor;

(f) receiving a reference signal from a second sensor, the reference signal
indicating a magnitude and phase of the electrical energy passing through the at least one
transmitter; and

(g) determining a magnitude of the measured signal at a frequency of the electrical

25  energy and a phase of the measured signal.

10. The method of claim 1, wherein the at least one transmitter is at least one
coil, further comprising;:

(e) receiving a measured signal from the at least one sensor;

(f) receiving a reference signal from a second sensor, the reference signal

30  indicating a magnitude and phase of the electrical energy passing through the at least one
transmitter;

(g) generating a sine and cosine wave components of the reference signal;

(h) mixing the sine wave component with the measured signal to provide a first
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mixed signal having first and second sine wave components, the first sine wave component having a
frequency egrrad torrdifference between frequencies of the reference andpreasuRMOIRIGRAGT
second sineVYBEYnent having a frequency equal to a sum of the fre®Gdridid¥PptsTeference

and measured signals; 5(i) thereafter rejecting the second sine wave component; () mixing the

cosine waven¢mpoRant Withithe measwedsighal tenpravide a-sagRrdmmixestsighal faving st and
second cosine wave components, the first cosine wave component having a frequency equal to a
difference betWeenrciebtdngiadisatsacertretde anliffreaseratussndis sl obomirtssiee wave

component fiaying8uk RN EN BAYAIQ AdSHAR W 4he doaspirraies.ofibe rRigienes apdinsasured

signals; (k) thereafter rejecting the second cosine wave component; (1) determining first and
second valuds?! ﬂ’fékﬁ&%ﬂ@ﬁéiﬂ%ﬂéeﬁ&f%%ﬁ% BRIHEEE S8R first sine wave component and a

phase ghift and thq@gg@g@%@%@@ﬁgg@ REREHELBlan Rk &ftthe first cosine wave component
and the phase shift; and 15(m) determining, based on the first and second values, an amplitude and

relative phase of the MESEG dBeSIRTHIC VR FRETARREBE SYafitn the At thel sab 4t iR¥ifafsmitter is
at least onesepindvRgiRMN St Ha¢HBPRSESHICSHOSCRosine wieb seigssinhinerselasiedovmyeform to

produce a desired waveform in ambient 20electrical energy in the conductive medium induced by the

: ) y
electrical en®iy§ FALROGAFIYINhe (eIt cHkd farthdiftamsashsgecn snereisiettafsiyzing a

difference befweasdthaaelaetadraaveionn and theepredusgdovarefaray o eatpsning aavaduced
polarization effect. 12. An}/ one of claims | and 2, wherein the at least one transmitter is at least 250ne
t

coil, wHtreiff M rISH G8aLHS sausief the dinaureriet gy thrsaipictns anfmse gredsiE iiter, at least one

of first and second(rensuEgesigRRtmardéecehRL bR Vet eiigpehlinst and second sensors, the first
signal measuring an ambient electrical parameter associated with the conductive medium and the

second signal medsUfily AR X biERT rAag nisEe hrHster BSsHEL S WRithSRE coRREKIe¥hélium and
further comprgREid3 Geriegassingdne Rnpast anm ohfiiianthiseeanethsignaled e Aubiiat least one

of (i) a real and imaginary frequency domain response and (ii) a time domain respqnse to the electrical
energy pasSSAHFLHIGHHE fietone Rahermer o ISR G BETASS Rr e at least
one trapsmitter is gilpdsicomenhy, Puxbd Gt he first and second values, an amplitude and relative
phase of the measured signal.
11. The method of claim 1, wherein the at least one transmitter is at least one
coil, wherein step (¢) comprises the substep:
(C1) selecting the selected waveform to produce a desired waveform in ambient
20  clectrical energy in the conductive medium induced by the clectrical energy passed
through the transmitter; and further comprising;:
(¢) thereafter analyzing a difference between the selected waveform and the
produced waveform to determine an induced polarization effect.
12. Any one of claims 1 and 2, wherein the at least one transmitter is at least
25 one coil, wherein, in response to passing clectrical energy through the at least one
transmitter, at least one of first and second measured signals are received by at least one of
first and second sensors, the first signal measuring an ambient electrical parameter
associated with the conductive medium and the second signal measuring an ambient
magnetic parameter associated with the conductive medium and further comprising:
30 (e) processing the at least one of first and second signals to output at least one of (i)
a real and imaginary frequency domain response and (ii) a time domain response to the
electrical energy passed through the at least one transmitter.
13. The system of claim 2, wherein the at least one transmitter is at least one
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PCT/IB2008/003467 coil, further comprising: (d) a first input to receive a measured signal from
the at least evre1semsor; (e) a second input to receive a reference sigmét TaHPDITEOO) ;
the referencd®QigRaIGHdi¥ating a magnitude and phase of the electrical eng:@Tﬂ@?rQﬂ?@Qh‘F%gﬁéﬁg
5least one transmitter; and (O a processor operable to determine a magnitude of the measured
signal at a frgguenay-ptdag aigapical energy and a phase of the measured signal. 14.The system of
claim 2, wherein the at least one transmitter is at least one coil, further comprising: 10(d) a first input
operable to receivéd gty 9gsariremmiresuitdaiardrepndisrat leagkne $888Me input operable to

receive a referencec$igRal SHanh A I86QBELARNSEFIRA SETGEARC BrGIgRaknFigalinG A Magkitudrand
phase of the electrical energy passing through the at least one transmitter; (f) a_ synthesizer

. : )
operable to Yehritdicating hmpraplike waddbsinoorbhtsleftiive stereyeprssia Haueh thy) o first
mixer operaRlatgiPirihensife, waye component with the measured signal to provide a first mixed
signal having first and second sine wave components, the first sine wave component having a

frequency equal to(B diffSRSSEPhORFER Crrity delsEiRb e B R 4hE Meaitisd PEYARRL dnd the

second sinenwgyéhepoRaReichavinendrddiiaaugiycouabiman st i dhe frequencies of the reference
and measured signals; (h) a first filter operable to reject the second sine wave component;

(i) a second mixer bperabl@t ¥R e DaifewAREIMBE R AERHRAAISEELIFEdSsIy AT Bfovide a
second mixggisifinaldavingriiEiand second cosine wave components, the first cosine wave
component having a frequency equal to a difference between 25 frequencies of the reference and

measufed signals $hd HE'SBP8hARSEE IV ERAE X6 M BBHEHEAAIEE! ST RRGhE AL {Fath %63 m of the

freq uegcieS_ of the (@f@rmcaﬂq;m%@ém@ %Qdé@éiize a reféiﬁeﬁc%e%%ﬂﬂ fiksh qu@l%@ ﬁsaéc;eﬁéhed
second cosine wave component; an . a processor eraple to determine first and secon
values, the FrEFRSeS8 gt@ecaf%aa%%%@ﬂ%mﬁmawﬁﬁ@ RISPILItR FRavaYRRMHBRENCYRR a

phase shift grditheasesangaaiatbeing a product of an amplitude of the first cosine wave component

and the phase shift, and to determine, be}sed on the first and second values, an amplitude and relative
phase of the meas eadsglatr]ilgﬁlzer operable to generate a sine and cosine wave components of the

15  reference signal;

(g) a first mixer operable to mix the sine wave component with the measured
signal to provide a first mixed signal having first and second sine wave components, the
first sine wave component having a frequency equal to a difference between frequencies of
the reference and measured signals and the second sine wave component having a

20  frequency equal to a sum of the frequencies of the reference and measured signals;

(h) a first filter operable to reject the second sine wave component;

(1) a second mixer operable to mix the cosine wave component with the measured
signal to provide a second mixed signal having first and second cosine wave components,
the first cosine wave component having a frequency equal to a difference between

25  frequencies of the reference and measured signals and the second cosine wave component
having a frequency equal to a sum of the frequencies of the reference and measured
signals;

(j) a second filter operable to reject the second cosine wave component; and

(k) a processor operable to determine first and second values, the first value being

30  a product of an amplitude of the first sine wave component and a phase shift and the
second value being a product of an amplitude of the first cosine wave component and the
phase shift, and to determine, based on the first and second values, an amplitude and
relative phase of the measured signal.
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15. The system of claim 2, wherein the at least one transmitter is at least one coil, wherein at least one
of first and second measured signals are received by at least one of first and second sensors, the first
signal measuring an ambient electrical parameter associated with the conductive medium and the

second signal measuring an ambient magnetic parameter associated with the conductive medium and

further comprising: 16} syprasesis@neRerabiRiaIRceskibedt aant anepldiistardsrcand signals
to output at least one of (i) a real and imaginary frequency domain response and (ii) a time domain

response B el it ANs Gy a8d saphd dptriE dsigaalsgie irarivad ey at leaggonggf dHst of
claims 1 gl 2cyvaeyaisoiketansimiitatasmén flaalieroipie gxeitetrical phfarityraRsoefekaimgs and 2,

wherein the at least one sensor is at least one electric field sensor to measure an ambient electrical

parametdPEvARBIF irfe TSHBIR R s RfiTP RS amer SHENSL Ao ARTRISY tHRASP RIS PERE S hsmitter,

wherein thgRideaskanerrlestindield fRANN CAMANERS adifptiglastrode and a second electrode,
wherein eddy currents are induced in the conductive medium, wherein a distance between the at least

one transmitter SHREOSEIEASCBR NI ARSI S tHsdt o2 Qitable By atnBpsraRd WsBrLinhe at

least oneotigiusmitienanshéheral jeast AnmelastisHield senaic aradmarespeatedaatia sy astanially
fixed distance when in operation, and wherein the first and second electrodes lie in a plane that is

substantShy HArEIBPRIEH A PR tRECALIE% SRS (RLRARRT 2t 1 BOnG A8 §FElaims 1 and 2,

herein th ti di j herein. the at least. 1 itter i itioned i
proimity 10 & 10t of (AT SCLER! AT ot AR PdEAUSR 6 oS VR BE P of the

at least one trarysitter i proxXTty 0 the 0] of 7. 98RRMLENRHISS CRIAIRN o e ARl

electric field sensor to measure an ambient electrical parameter, wherein the conductive
medium is external to and surrounding the at least one transmitter, wherein the at least one
electric field sensor comprises a first electrode and a second electrode, wherein eddy currents
are induced in the conductive medium, wherein a distance between the at least one
transmitter and the at least one electric field sensor is adjustable by an operator wherein the at
least one transmitter and the at least one electric field sensor are interconnected at a
substantially fixed distance when in operation, and wherein the first and second electrodes lie

in a plane that is substantially parallel with a plane of the at least one transmitter.

18. Any one of claims 1 and 2, wherein the conductive medium is an ocean,
wherein the at least one transmitter is positioned in proximity to a floor of the ocean, and
wherein the signal received as compared with the position of the at least one transmitter in

proximity to the floor of the ocean enables calibration of the signal.
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