OPTI M ZED ARRAYS FOR LOOK AHEAD- OF- BI T APPLI CATI ONS Technical Field

The present invention relates generally to systens having well | ogging
5capabi | iwg.2oBaekgsound In drilling wells for oil and gaeTtaspdionaisdon,
under standing the structure and properties of the geol ogical formation
surroundi ng a borehol e provides 10 information to aid such exploration.
However, the environnment in which the drilling tools operate is at
significant di stagseaPepONRRATSTHH BOOKAAHE ADASKLBEMAPPEIC ATIONSAgE
operation of such equi pnment are nade at these |ocations. Logging is the
process of meking neasurenments via sensors |ocated downhol e, which can
provide val uabl e information regardipgtdheril@r mation 15characteristics. For
exanpl e, induction logging utilizes eleciromagnetic signals that can nake
deep measurenents, he piesent mvemps relpttegaend!lhip sysempbrérovell waging he ef fect s
of the zonesi nVc%da%ﬁi y the drilling. Mdst conventional tools are |ocated
above the drill or  on the drill string and nmake neasurenents from
formati ons that have already been penetrated by the drill bit. Further, the
20 useful ness of such nmeasurements may Jbe related to the precision or
quality of the information derived f iy measurenents. Brief
Description of the Diéawing®ellffoguil endlgas bxplsratiorh hntekstaideng tiznstoftugen exanpl e

enbodi nent of an 25 apparatus havi a tool to . nmak asure ts ahead of a
drill bit, accdPdPrg® S?/fg&‘? B0 ‘??Eg)(ﬁ‘f‘?@ﬁts rrounding a&‘."g‘%?‘zé pio‘g%gv\s an exanpl e
egog! ment @f afforhand1®hidRidh &plosiige HoWeveR thdntiragnér invahich the

enbodi ment s.

drilling tools operate is at significant distances below the surface and
measurements to manage operation of such equipment are made at these
locations. Logging is the process of making measurements via sensors located
downhole, which can provide valuable information regarding the formation

15  characteristics. For example, induction logging utilizes electromagnetic signals
that can make deep measurements, which are less affected by the borehole and
the effects of the zone invaded by the drilling. Most conventional tools are
located above the drill motor on the drill string and make measurements from
formations that have already been penetrated by the drill bit. Further, the

20 usefulness of such measurements may be related to the precision or quality of the

information derived from such measurements.

Brief Description of the Drawings

Figure 1 shows a block diagram of an example embodiment of an
25  apparatus having a tool to make measurements ahead of a drill bit, according to
various embodiments.
Figure 2 shows an example embodiment of an ahead-of-bit arrangement,
according to various embodiments.
Figure 3 shows an example embodiment of an at-the-tool arrangement of
30 atool, according to various embodiments.
Figure 4 shows an example embodiment of an arrangement of
transmitters and receivers of a tool applicable for anisotropic measurements,

according to various embodiments.



Figure 3 shows an exanpl e enbodi nent of an at-the-tool arrangenent of 30 a
tool, according to various enbodi nents. Figure 4 shows an exanple

enbodi menyoebiansaer angement of transmtters and recei vecs/usbois/osses
applicable for anisotropic neasurenents, according to various embodi nents.
Figure 5 shows an exanpl e enbodi ment of an arrangenent of transmitters and
receivers of a tool, according to various enbodi nents. Figure 6 shows

an exanpl e enbodi ”Bﬂgn#r% sﬁ&ﬁ%%?ﬂn@gﬁgﬁoﬁﬁeﬁgﬁgﬁQﬁiﬂg@ﬁ@m‘wd receivers of a

tool, according to vdrious e S5Figure 7 shows an exanple
enbodi ment of ansenitteanapdrressiverfofatemlsasrardiag & wapigus @rld{asns- of a tool, in

accordance with varg éé%ﬂmsdzln?&tg{ngte embodinfehi @R afarpBRf 02N exanpl e

enbodi ment of an arrdngenment o nsmtters and receivers of a tool
appl i cabl e f or tramsinSiters oy receimeassafaded racsording tavacioptiembadinggnih var i ous

embodi ment s, 10F gglgig’lér%g?sgg%\gana?&agléggg{bgdimepﬂ}aﬁ?ie? LiBRi.fof an arrangenment

of transn1t§er_s an ers o appli ca or ani sotropic
measur enent s, irnsBitds slrire@iwis of atadlj iouscosdapodivitievarious embodiBeniyr es 10A- B

show exanpl e enbodi gent f arrangepents ..of transn [ nd receivers of a
tool applicable forﬁegﬁrﬁ%éﬁ%‘ﬁiaébexﬂ%tb } s?ﬁtroefar?%%m‘,l&%%ﬁle%cogor dance with
various enbodi gemddtters and redei @ &% tddlApBicable forexaomipic eedsodineststis of
arrangenents of transmtters and receivers of a tool applicable for

conpensat ed At TREREE BBV mbAd BT ance with vari ous enbodi ments.

Figure 12 ghows an pighedisaBRé aéxampledX aiBhboddhon ©f sn drramgerhart o20 i nver si on
in which an arrangenent of sensors is usedl for jsotropi c measurenents, in
accordance wi t FFapsaHitessanddResdverRffteol applicable for apisoopIGMERRUTCHNN 8 0 di nent  of

an exanpl e proggsfiahlomif PrioldMBb&Ashtd. N Whi ch an arrangenent of sensors is
used for anisotropic neasurenents, according to various enbhodi nents.

Figures 10A-B show example embodiments of arrangements of
transmitters and receivers of a tool applicable for compensated AoB

15 measurement, in accordance with various embodiments.

Figures 11A-B show example embodiments of arrangements of
transmitters and receivers of a tool applicable for compensated AtT
measurement, in accordance with various embodiments.

Figure 12 shows an embodiment of an example process flow for

20  inversion in which an arrangement of sensors is used for isotropic
measurements, in accordance with various embodiments.

Figure 13 shows an embodiment of an example process flow for
inversion in which an arrangement of sensors is used for anisotropic
measurements, according to various embodiments.

25 Figure 14 shows features of an embodiment of a method using a tool to
effectively optimize determination of formation properties ahead of a tool
operatively disposed in a borehole, according to various embodiments.

Figure 15 shows a test setup of an embodiment of a tool with respect to
two layers.

30 Figures 16-19 show the logging data and inversion results associated
with the test setup of Figure 15.

Figures 20-23 show logging data and inversion results of a test setup with
5 layers, which have different resistivities, using the tool of Figure 15.
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25Fi gure 14 shows features of an enbodi nent of a nmethod using a tool to
effectively optim ze determ nation of formation properties ahead of a tool
oper at i velp 20i%peeed i n a borehol e, according to vari oupcenisesiomessss.
Figure 15 shows a test setup of an enbodi nment of a tool with respect to two
| ayers. 30Fi gures 16-19 show the | ogging data and inversion results

associated with the test setup of Figure 15. Fi gures 20-23 show
| oggi ng data and Iny%[n%g M ad EBUNbW Hofizchtd] 88 ved@alit-tMé-03] dndlaB¥RESE, Whi ch
have different resistivities, using the tool of Figure 15. Fi gures

24 and 25 showbisignalefi alteshsripnasingithparraneenapbot HEIC 8nd ahead- of bit signal s
for a test setup USH g%h?ﬁ{)l@ QFeQﬁltsqgr dre g6 ©oiBind at-the-tbd1@1pnfls 26 shows

| oggi ng results for at-the-tool signals for different dip
?ngl e?] UZI ng tIﬁ@Chﬁfqrangmgleseﬂng:ihgaﬂ@l%megmf&ﬂl@ 27 shows logging results
or ahead-of-bit an s using the
arrangementfsof Fi gu?lgﬁ%ﬁ%ﬁo‘%o@# ?ﬁ%%sfd{a%ﬁ%%‘?égf% % ﬂg t??algirkg%gof features
of an enbodi marfd)rch)ﬂferentslmmuﬂngthnlarrmgemenﬂufﬁtgnltﬁﬂ of arrangenents of

- the tool 51 gnal SSRGS P RENES stk Co TR Rl by PN T TrOT
accordi ng to vagstans @nbddncnmmofarrangerﬁangmfeerﬁersde@pmt@smeefﬂd)odl ment of a
Doscri pti on 15ifeRlF ) FoMEIASEo TEAEHBERT RIS S B accompanyi ng
d;;tvwd_ngs that ¢ \Ahﬁ;}éttiﬁb&ﬁ%@yftﬁé diifl bm,%ea&m@m anidug@iibodiniéntsat i on, vari ous

enbodi nents in ich the invention racticed, . These enb diments are
described in suffi CF’@HF%@?B}F‘SE‘PSH)BE%%P otfﬁﬁ%sée“é?(tlalq"é]én%sﬁtetaﬁg G to

practi ce these (a@fioat fabodaatrgi mrents. O her enbodi nents may be utilized,
and structural, |ogical, and

Detailed Description

15 The following detailed description refers to the accompanying drawings
that show, by way of illustration and not limitation, various embodiments in
which the invention may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice these and other
embodiments. Other embodiments may be utilized, and structural, logical, and

20 electrical changes may be made to these embodiments. The various
embodiments are not necessarily mutually exclusive, as some embodiments can
be combined with one or more other embodiments to form new embodiments.
The following detailed description is, therefore, not to be taken in a limiting
sense.

25 Figure 1 shows a block diagram of an embodiment of an apparatus 100
having a tool 105 to make measurements ahead of a drill bit to determine
properties downhole in a well 102. Tool 105 can have an arrangement of
transmitters and receivers 110-1, 110-2 . .. 110-(N-1), 110-N to capture a signal
from a first region 112 relative to a longitudinal axis 107 of tool 105 such that

30  signal contributions from a second region 122 relative to longitudinal axis 107
are cancelable to a maximum extent based on placement of the transmitters and
receivers with respect to each other. The arrangement of transmitters and
receivers 110-1, 110-2 . .. 110-(N-1), 110-N can be structured to capture a signal
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20 el ectrical changes may be nade to these enbodi nents. The vari ous

enbodi nents are not necessarily nutually exclusive, as sonme enbodi nents can
be combi ned 20iHd23@ee or nore ot her enbodi ments to form pewwsnbodiswents. The
followi ng detailed description is, therefore, not to be taken in a limting
sense. 25Figure 1 shows a bl ock diagram of an enbodi nent of an apparatus

100 having a tool 105 to make nmeasurenents ahead of a drill bit to
det erm ne propeft SRndRNHAGdridbl 803\Rich thhPontritR@bnskEim Gidtt hanstites-
arrangenment of transmtters and receivers 110-1, 110-2 . . 110- (N-1),

110-N to capt utereseigergiennls ppdformatiqnrsignals agupg toph 105rass eanpelable o 2

| ongi tudi nal axlssdf Al A9landlR 1ifh sBfktsb GRhg 58 érdeut i ons from a
second region %lre g@%ﬁég?gnﬁrgné?ﬁgﬁal §X_i S 107.agre cancel able to a
maxi mum ext ent poaseyl differap} fiom theradjagént ohsuronpdingformation, #igh 2 2eder s with
respect to each qther, Th r ' difKGginvers 110-1,
110-2 . . .%11(§Pt?ﬁfﬁl)e?nrfieg‘-mﬁf’8§%@i e gﬁ@%ﬁpg@%ﬁ&%g@ﬁﬁ a si gngl 3 from
anomal i es aheadhatbol aoduch &5 welbdr ottieaborelole.r The ariangement ofifragbmisiers
transmtter- to-receive [ l,s a ' ' ool 105 are
cancel able to én%e)?iﬂﬁff%ﬁé@’glﬁ?fz 'Athbﬁ@@ﬁgﬁﬁq'g%gﬁk %%}ﬁlg |r%{13%§}? ?laﬁ:ture havi ng
at | east one prsipagirdoytridifidne fient anbmaliestaheadad jtat &0t arerarselablotmali ng f or mat i on,
such as a cavity, .a 5 subterranean reservoi,r, or a differen tion

| ayer fromthe ‘Hyaéif@?m Pt chET ey’ ?IHI%O%I%B?WS,’ ﬂ}’frm%%eﬁleg{sogatr el nlt“e%%ﬁ%r?her
borehol e. Tie atdepiRBETONt 112 t r.ANGNLLY,ENS-Nh beatradtvred & chpfdrels sigb0- 2 . .
110-(N-1), 110-N can be structured such that. si.gnal contributions from
anomal i es aheadt arthoqld@Sg,w@thaéﬁilgp%pgfaérqsgtlg%'@gaa tb&gf% f.%gl n vari ous

enbodi ment's, t hg,nds v@RGE IRREvieS sigdaPRSThiiRiS eRtost, 14y bgintalg 110-1, 110-2 .
.. 110-(N-1), 110-N can be structured to capture a Si gn rom 6round t ool
105 such that alep@ipledodbaprangenent pi/fransmatiessand recgiyersd 1oy Cﬁppi' ed fom a

vertical resistiwj)t¥o50 gfifle dBctBredBoédpUiR £ Kb froml anBmalidslabeddTtdoal | y
decoupl ed. The (EYr)éngerrent eof %rraensm'tters gﬁﬂ receivers 110-1, 110-2 .

110- (N-1),15110.08sechrihas constibusionsfrewt directempinifte-taTeselivatietdiidanonal i es
ahead of tool I1Rl0%.5 ng‘ghlé Q@ﬁx}dqg&tlg's ?fétdaﬂciéﬁbfer 10 Prfhk Bk extent and

transmtter-to-receiver signals and formation signals around tool 105 are
cancel abl e t o atmetuietswohahet eighal zpntribetians framegomalies ahead of tok H are

bt i ; i ; ,
contributions from anqma HI%E&II'SI]? ‘?rg?:ﬁ&t,ol.e. thIFL% s:'u%%;lﬁfaﬂ g%{gglg&agi,gal{cgle@ maxi mum

extent, i.e., CANDE subsSta y caricel e cahcel’ed to a maxi mum
extent or substtaataaichym exetet sbstantially sanekkdtit isercentheteimthatthe 20r el evant

signals, f %o exrglgpzln? éigr?aqg oq_egz];rﬁlglg,% ea%r-ot‘:j}ggi%g éﬁ)efaa-lai"-{)it §1'ggzﬁ?‘£r§i A at - the-

tool signals, are effectively isolated.

Apparatus 100 can include a control unit 120 to control activation of the

transmitters of tool 105 and to process signals received from the receivers in tool
105. Control unit 120 can be located at the surface of well 102 operably in

25  communication with tool 105 via a communication mechanism. Such a
communication mechanism can be realized as a communication vehicle that is
standard for well operations. Control unit 120 can be distributed along the
mechanism by which tool 105 is placed downhole in well 102. Control unit 120
can be integrated with tool 105 such that control unit 120 is operable downhole

30 in well 102. Control unit 120 can be distributed along tool 105. Such
embodiments can provide stable and deep evaluation of formations that have not
yet been penetrated by the drill bit during a drilling operation, prevention of
dangerous situations such as blow-outs, and enhanced recovery of hydrocarbons.
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tool signals, are effectively isolated. Apparatus 100 can include a
control unit 120 to control activation of the transmtters of tool 105 and
t o proceswopnabeer ecei ved fromthe receivers in tool p@pUSEE0OLsBBE3 UNi t
120 can be located at the surface of well 102 operably in 25 communi cation
with tool 105 via a conmunication mechanism Such a comuni cation nechani sm
can be realized as a comuni cation vehicle that is standard for well
operations. Control j i oLk Q06n InBe PREkHIOGS M by

whi ch tool 105 is pﬁ%@%ﬁ%ﬁ%ﬁ%ﬁ%\%ﬁ?%@ggtml uni t, 120 can be

i ntegrated withwelas a i@Bsusaresutstwhite-dridling QWM pysteppeich as 3988881 e downhol e
30in well 102. nt.r. ldﬁ%,b ISt Pihe 105. Such
enbodi ment s car\?’%g?géﬁ{% S ag%%sqeé&rigﬁo eggggﬁlged%fegﬁt%%qﬁgk)ﬁgti.on_s t hat have
not yet been pdrillingapeatidny Altvenativdly,lapparatusi L0 may be c@pfigured g 2aopEsliae i on,
prevention @f dangerous situations such as bl owouts, and enhanced recovery
of hydrocar on§‘.”%pg3b SFatus 100 can be structured for .an inplenmentation in
t he borehol e of a whi Yariass enbod msumtsetransmsttenhnteenag and teanget (KIS 8375t em such

| oggi ngwhi, | e-drilli tem Tool - t th
i1 bt of tmesareey posbofier bt ifbur G QR v BRI R T E

configured in alimidaeldiimthe 2eahtion of fkmation propertiek.nSwchrarpugenentseai bent s,
transmtter antennas and regei ver, antennas gan be,arranged ,as .a,fool for
downhol e neasureabgst to megee the signd HhHal ISEOFHng émﬂglheagglg{gﬁtorqﬁir%l}l%d@fhﬁ t he
eval uation 19f fgyiFPdHeso RiMEIf, hiBto cBiwehthasigri garBrbmingdronbaronehl i zed to
measure the signal that is com ng fromahead of the %iool ich is the 10

regi on ahead ofthecolips Whergythese teangmifters @adeegeiverp are disppsgf op figdnling. o i ng £ r om

around the col laﬁfiar?ﬁﬁ@r'ﬁletamnfeﬁ@df%ﬁﬂﬁﬁaﬂﬁlﬁit@ﬁﬁnd ezeivere hBovas for di sposed on
the drilling apparatus. The arrang;rrent of such transmtters and receivers

al l ows for focd@?uﬁi@gah@ééymmé]éiﬁ% IﬁeWQar?‘H’éﬂf“i collar o By he collar on
whi ch the tran .1§1ﬁi?t€r§ ANLCLi G Gltike@ bRl AbAshX Qe REd ARAWF tHRGollde fiel d
ahead of the collar. 15 However, such a hardware arrangenent does not
cancel all 167 tHroveseigsughs hatdwerecamogsiment dnes spigaeteball of the HEBalwhM extent to
provide an effegl | yehy i%ﬁs‘t&?ﬁginﬂﬁﬁ BRGRTERLviAE af ERRBRI bitimided ennas and
recei ver antennas. Such-an optim zed arrangenment may cancel signals froma
gi ven di rect i onrmedeatent/af ttaosthigerd anfeinhds and sqseiyer antenpaso tSHel anentiddzadon rel ati ve
to the tool in the range from o PRoEeRE, Which is a
si gni fi cant car?géweg}ein%ﬁay( gangel %‘&?&# ?ﬁllgsa@‘%géi?r Eltlon'rflaci? 19 8o

respect to another direction relative to the tool in the range from about 20

20  percent to 30 percent, which is a significant cancellation (i.e., in this case,
substantial cancellation). In order to only evaluate the formation and anomalies
with respect to an ahead of the tool signal, the effects of the signal around the
tool can be cancelled by an inversion process. Inversion operations can include
a comparison of measurements to predictions of a model such that a value or

25  spatial variation of a physical property can be determined. A conventional
inversion operation can include determining a variation of electrical conductivity
in a formation from measurements of induced electric and magnetic fields.
Other techniques, such as a forward model, deal with calculating expected
observed values with respect to an assumed model.

30 To focus on the ahead of the tool formation properties, measurement of
the signal from around the tool is made to determine properties of the formation
around the tool with contributions from ahead of the tool cancelled to a
maximum extent. The measurements at the tool can be applied to an inversion
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substantial cancellation). In order to only evaluate the formation and
anonmalies with respect to an ahead of the tool signal, the effects of the
si gnal arwondiddsw2sool can be cancel l ed by an inversi onpprases®/o4dcByer si on
operations can include a conparison of neasurenents to predictions of a
nodel such that a value or 25spatial variation of a physical property can
be determ ned. A conventional inversion operation can include determ ning a

variation of elegtiicilre HQRAHES df\hd MvdrfoRplodssBieiti dpplatgerRsur ement s of
i nduced el ectric and magnetic fields. Cher techniques, guch as.a forward

nodel , deal wi fversisngf Iﬂmalh?ﬁgi @%&@W@bs@f%@ﬂe%é\‘%@@%‘ gl (o an
assumed model . opctd i B il R E'awa%-&l}ﬁ%opélgﬁahs‘cqhgﬁionmﬂmg&ﬁﬁwmm-opertI es,

measur ement of e sig romaround the tool is made to determ ne
properties of ttlteetoblmanwllatmm fallayeddytinnersiansind ai-the-ted AQHBHAN Y6HS f r om ahead

of the tool égancﬁ%lfl oS ShrlaRedd-STRNL DY eaGi: ﬂ&n foﬁﬁ\gedﬁﬂﬁb&ﬁgﬁl Nfig at the tool can

be applied I'nversion process, results of the inversion
process are thmetspmlfm&nlthb(at-thheoqlammtmwambe@S@élfaﬂhéad’e@fontolﬁﬁlet ool signal .

Effectively, t g](egflétll odxh@? lé élg theatggleg%gﬁga ?585 el‘ﬂlg' Jo&%s Qfﬁg'{&s

ahead-of -t he-t S sitron nlflcat at- the-tool

cancel | ation f@bﬂeﬁmmdnwfthe\femmnompmpdnestahb:lrdeoﬁtb&)tlooldvcmi:@mtmg)f@r thiet h
5signification ahead-of-the-tool .cancel] ati ion. The

i nversi on fromStEfAe CORTipRRens fom aé{-}}ﬁd?‘gﬂ’{’ﬁ C&ﬂceglg%{%seelleﬁﬁgey%l Iflﬁﬁlql{liver si on of
the signal 1Hr omhiRnrheddamdmitiheatdeteiswrgnal acqui sition. This process
enhances determ nation of the f?rmatlon IF rgﬁ%artd es.ahe q)e t ool by

accounting for the SPFEANSEBSR P IATSTYIGE 2fte ???évefﬁ‘%?nnﬁ%fa "CBncel | ed by

sel ectively actjyahiedslohdithe Iéhgriidimd) €86 he €ol, tvﬂﬁd’lﬁlﬁbisélﬁfaﬂy and recei vers.
The arrangenent of transm tter antennas and recei ant ennas .can be
structured al omgrrepdicula g hegenshsactioneidheook qpmresngg mg %FFOFSsse%tkogentl ally

per pendi cul ar to?a%bl@ar%{é)éﬁlﬁﬁﬁglma%ngehﬂniﬁahd&%dmmnﬁtsmgdto the cross
section of a collar 1n adrill tl‘lﬂ%ﬁ The arra% nment includes the
3]

transmtterld anereivsrsspessil opartiram sach@thepaich that epg TR HERERISGich t hat one of
the transm tterng o fefeiPhdirdstht 9191‘?51? A BRERS theltRBsdhliktbds br Ricéivepd a | ast

of the transmtters or receivers in the arrangenent is the farthest from
the drill bit. ifthe aua@emeahsthetfaré?estcfrom@eérﬂéﬂ AbaPRetFansECERT | | bit can be

located as cl osg 1.0 ye ﬁ%?es{jtﬁlé d}ﬂtl Eft E%n% 10983 Bl fose fghﬁe &IPGELs ﬂonﬂSlQe drill Dbit

t hat the arrangemen ormation properties 20 farther away from
the drill bit Cﬂnachaeerdetmrdrﬂlrwdhatﬁh@rrhngemenabﬂgenﬁhe fml}laﬂlj@ POREEES on a

CoLL oo S R R b lisihern T be
nmot or . placed on a collar behind the drilling motor. Alternatlvely, the first antenna may
be placed on the drilling motor rather than on a collar behind the drilling motor.
In various embodiments, the arrangement of transmitter antennas and
receiver antennas can be structured with various separation distances. The
25  separation distance between the different antennas in the arrangement may be 32
inches or less. The separation distance between the different antennas in the
arrangement may be in the range of about 10 feet to about 20 feet. For example,
with a separation distance of 20 feet, an antenna can be placed at the drill bit,
one behind the drill motor, and antennas further behind the drill bit. The
30 antennas (transmitters and receivers) can be structured as distributed sensors
along the drill string. The use of 32 inches, 10 feet, and 20 feet as separation
distances are examples. Other distances can be used for separation of antennas
in the arrangement of transmitter antennas and receiver antennas that provide for
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I n various enbodi nents, the arrangenent of transmtter antennas and

recei ver antennas can be structured with various separation distances. The
25 separ ayvoeoimizsézance between the different antennas i rctrhs2@nnassgerent
may be 32 inches or |ess. The separation di stance between the different
antennas in the arrangenent may be in the range of about 10 feet to about
20 feet. For exanple, with a separation distance of 20 feet, an antenna can

be placed at t@%‘;ﬁﬁ%i k&si?ﬁatlfroﬁ{?}%@ﬁg%ieﬁreﬁd%ﬁedﬁhb toolMBicB Ehat Sipihl ant ennas
e e

further behind > dri |l bit. 30 antennas (transmtters_and receivers)
can be struct ucerribions Fomjasesoad regiongelatvep dhrgfopliran be pubstalfallyng. The use of

32 inches, 10 fc%%ted@gc%gelgﬁﬂo ARaSARR Rlch Baddl Oh ARGERRER oEMRNPI €s. Ot her
di st ances can be use or separation of anténnas in the arrangenent of

transmitter antenmigeranttnnascod wesivernisnmragvititewegiioraciothebr 6 capture of a
signal froma firstyf \%gibﬁ)@%-ﬁb%dﬂltlén\’s?th% ?ootl B ¥ leg[aﬁeg%{[?c(%:lﬁﬁtac@x‘agg@bf

contributions froma second region're atlveet _ _can )
substantial | y canasitechnfeanas and pigedl atsjuisition by rergivienanisrans B genduplgd 8 on t he

pl acement of the. transm,tter anten ' . with respect to
each other. 514" ??“(S’agblé%‘oao(ﬂllleggﬁ?os%?c %lf' ﬁgcq? E)Vggrﬂggﬁhgg{%gg?@ed such t hat
activation of topaasiy. tThéyquisn perivdapemtion maygalkdw foc quiegseadiaoenrdsy of 8wei ver

antennas is conduchﬁgpipgoﬁasggif?efb-O?%:ngo%a%%%%gra&rﬂ%i g%oa%%nifé)gfn%?sg occur when

the drill not o€ peri’od” operation nay all ow for
i ncreased Q0CUrfgEYthe firill Rt A MotV thovarpuomessrenensashbotkénhtringdes of
operation, due to. absence of. noise llff'flﬁromt or. However, the

. he dri .not
various neasur SrEReoPeEtionse Fpntheopory ’@gla?x?ﬂﬁt?@e%h"e’f‘n@f‘iVSns. Furt her nor e,

drilling may be,ahRBRGH aéRrdcyPTRYBoITaASe bRsiRed dypamivag with Teelrlllool can be
operated dynam cally with the drill notor running suc? ”r;ia"ﬁ)l t(ge tool is
oper at ed above mater Hwiagsush thagibe grol jsjoppgated pbovethe Raiss of el Mgl o1 ed at 5

kil ohertz. For §giddbitheipeadal 5 /it ardridiaiRiboke addbboal kiRpatAL i on at
about 5 kilohertz 1s sufficiently above the noise. Operatjion of the tool is

not |imited5to t8ollep¢ratinayat aboub i kiloheytz irsuffisisndy abpvatthegioner Opprationofci es.

El ectromagnet i d = I ERSPES ﬂgg@&;gtgthghﬁ esdist i vity of
the formati Ons‘%ﬁg?ﬁ;?ﬁﬁg@gegzm%gﬁ%lgh%rbgssggﬁbgl the drill %clfl,lt_ i_ln a drilling
operation. These ne&igtensgretc oakalivad-atdit seoorgueagir N TRBSITHY Pfing
operation into fegll gglahé% g5tuP toYe c}o%sédq)?r{ﬁé &'gl RPSIRlg SRAGEE. Zones
that coul d cause drastic ¢ anges I'n pressure and, it not properly handl ed,
coul d conpr oni Skheschreeasmemgnts tan tefus¢thifobgriding the drilling\operatiemiafo desired

el ectromg rh%t i Ctar%eetg P t%sidein?lfyag]o?%gﬁloc{aﬁéeb %(_)l%is that g(ﬁfl& (t/:fugé dr¥stic changes in

pressure and, if not properly handled, could compromise the integrity of the
borehole. Conventional electromagnetic sensors in ahead-of-the-bit resistivity
tools measure a combination of direct fields from transmitting to receiving
sensors and fields due to surrounding formation and anomalies ahead of the bit.

25  These measurements are used with an inversion algorithm to decouple and/or
solve for all parameters. Successful inversion of each parameter in such
conventional tools is dependent on the other parameters and results can be highly
sensitive to noise.

In various embodiments, an optimized sensor design can be realized that

30  can decouple the direct and formation signal from the signal due to the
anomalies ahead of the bit by using a combination of transmitter/receiver
arrangements and collecting and processing a specified combination of received
voltages. Due to the decoupled nature of the measurements, difficulty in an
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tool s neasure a conbination of direct fields fromtransmtting to receiving
sensors and fields due to surrounding formation and anonal i es ahead of the
bit. 25 TWeei2maryrenents are used with an inversion alpgeristéumotssssiecoupl e
and/ or solve for all paraneters. Successful inversion of each paraneter in
such conventional tools is dependent on the other paraneters and results
can be highly sensitive to noise. In various enbodi nents, an optim zed
sensor desi gn 25 smtich iR redRe £ ARG IO B tAEre€lilts @fah wathd f Or mat i on
si gnal fromthgl%grlsgﬁg gd&esgg[%olctﬁgxrgno?r_él I esgahead of the bit by using a
conbi nati on of cenvamtiomiltoels/ Inedditiorcacly ipvarigd pemmstenpr hedess derepdigt and
processing a speglt h}%ﬁmggrq@i' Sﬂa?atlﬂe%'?s a1 g??&c‘f&ﬁoy\ﬂﬁ!ﬁea@?&mﬂ%%ﬂvﬁtﬂ he .
decoupl ed nature G the measur ement s, dsl lculty in an inversion stage is
significantly cecatmal tbeladidumethodsnibe sarinua bfogessessant tapls, AndisHpseR

conventional tools. |n addition [ r ;.a,gfge% Ve Fedbu | ess
dependent o%} t RENS¢REt 9 %X\?'?Pleeeaibﬁgl?n%ﬁtgthgérégl’ Iéagﬂ)r@ggs a ?eect edr}g@si noi se. In
conpari son W t hheadot-esol (ahsal-oftti) hsd farmative mivasisgmeneffeetivesigeoupledcesses and

tools, as discussed 5 with respect to exanple,e i rein, can

provi de effectf ac&'éréﬁt?mSBEOPA%&SﬁP%W?%’O‘ﬁa&%a%géng)? %%@?ﬁ’gﬁég 0for mat i on

mea;uremegt, efré‘lmhﬂb%éﬁmﬁb@ﬁ_ gu@rmbra?ﬂh af:dmerl ctibreinapé-stend applicatings, suremegts, o o

easier and nore staple inversiaon of rel evant raneters, .a greater depth o
Blovw- Bt 399 epbinced deedvey of

detection in sBEVEHEEAT dBIEFTONSIANDS SIS s e

ts'S7 fuat i ons
such as bl qu oyyocattihsenhanced recovery of 10 hydrocarbons. In
various enbodi nents, a tool can corrprife one Qr nor

I e of
ahead- of t 0ol / ahead- Bfvagpys etodiaraienos] ¢p comprARE PEMEref aheadol; ver s,

at -the-tool ar tRGRABREBit AfraddeRABHEbE kRkMitRAGNE @EIv¥S) #i-the2d0] ani sot ropi ¢
arrangenent s of transmtters and receivers for, anisotr Opl C neagsurenents.

Each sensor el empigemenss pf wansmitiegypndireceleis, and dniseEopiqarangements fes e

arrangement s C%nskﬁﬂttérgglild &nge:i‘sgfo?aﬁgtllo RInSAGRmers. tEdch 86hs6:Qlldmedt ement ,  a
wire element, a toroidal elenent, a sof)enm d el enent, an el ectrode type

el enent, a I6r afiscieesmittors apd rresiverpyin 8isee araagenenty (@8 b gRabitsdaspseidd sensor.

The selected s I, a9 f orAd@bout 1 Hz to
about 10 GHz. géﬁjgﬁé?gg%du%ﬂgﬁegﬁagé{e%ﬁéggggeﬁgleﬂ. Th’easposilti ons of

transnitters arinessendestmds typval_em@ntsa tramstucsr, oap@lerepntopriaian be i nt er changed
£ e b A LA LIRS oGk mal 0o RN cad. of -t ol

and ahead- of - bi ed>Substant i a y I nter rein, the
ahead- of -t ool dietaongermmpd fomeabag 13y tb abdue 10 GHte Qsherifieguenoy rengdsapny

e act o, St 0 i b BuRRERE b e S e el
205 of a tool. cADR ialcichag@TRtho@Bfebtip thiifaactinality péthg covdnThobmis ansmi tter s
Fool  such that sbeHpmantAesEPbRt e pesttrvanelif HEmergeh ERetIs R gnal <
and formation $heaIod aekREmeRe béig@kuiable tCaatimabandtion aharecxdristien ext ent .
Ahead- ahead of a bit disposed in front (ahead) of the tool.
25 Figure 2 shows an example embodiment of an ahead-of-bit (AoB)
arrangement 205 of a tool. AoB arrangement 205 includes an arrangement of
transmitters and receivers structured to capture a signal from anomalies ahead of
the tool such that contributions from direct transmitter-to-receiver signals and
formation signals around the tool are cancelable to a maximum extent. Ahead-
30  of-bit arrangement 205 includes a first transmitter / receiver pair and a second
transmitter / receiver pair. First transmitter / receiver pair is arranged as a
transmitter antenna 212-1 tilted with respect to a longitudinal axis 207 of the tool
and a receiver antenna 214-1 tilted with respect to longitudinal axis 207 of the
8



30 of-bit arrangenent 205 includes a first transmtter / receiver pair and
a second transmtter / receiver pair. First transmtter / receiver pair is
arranged we 2a1n3nzsm tter antenna 212-1 tilted wth respegiusb®odds633

| ongi tudi nal axis 207 of the tool and a receiver antenna 214-1 tilted with
respect to longitudinal axis 207 of the tool such that transmtter antenna
212-1 and receiver antenna 214-1 are separated by a first distance, di. The

second transm i, EEuchtﬂa@ﬁ%&sﬁﬁ&erﬁﬁﬂeﬁnalzﬁizara&lar}e&ﬁiveaﬁmaniarzamamdter ant enna
212-2 tilted with respect to |ongitudinal axis 207 of the tool and a

recei ver antenﬁ@azilmlbx arfirptydigtangp.idn Teasiseend t{aﬁsm‘&?ﬁfdlrﬁ‘i?&ieﬁaff“@ axis 207 of
the tool such Mshitfel 2ABLANIR 2224 %itB Repéc &SN @udmat &pna 214-2 are
separ at ed by ata%gﬁg g@d Sancea d2. Second dllstalr)lce dz2 iﬁs equal to the
first distance267 of thttool arslarmel\ter aenF Bd4rg tiltedhwith egspect torlergitydigel i ndi vi dual
di stances di; and dg, {q g%%hsu?flhl%{ éExgﬁ@hantérﬁ?ﬁf‘g'aﬂdf&Ué’ver\éﬁ{eH& di and d2 is
not Ilmtedtoasec |c va 1151 own I n Figure 2, each antenna can
be tilted wit h2ﬂ4a—2[aea®patraxedl bygsecont] disthncaxdzs Se@nd distanpred:demakadhce. For

exanpl e, each C It d each

ant enna may be?ﬁﬁtgﬁ%neﬁgﬁh?“& haldgaﬁ%{lgg%ﬁa%ﬁglglgﬁggs J{f an(ﬁg ZCQ%:an be
measured from Tdhe:d:dalﬂd&lcﬁ othbr i bet, the tndiviviue] vatueak; end dhamoet limited taiz r angenent
205 in Figure 2. #5 AoB arrangenent 205, two neasurenents can be nade.
One neasur ementPiHEIY8s transnmitting a signal fromfirst transmtter
212-1, TA, 1and, in AesmmﬁlﬁFlgfue@gieudmteanmgrbalﬁlmwtthrespecnwcei ver 214-1,
RA. The ot her neasurenent .includes transmtting a s fro ond
transmtter 21Jongitudipalaxisd07fof H? %“é‘}?d"ﬁg]@ F?%%‘é?’ﬁ?nﬁldég@?aﬁﬁmg% sgcond
recei ver 214-2p Bgdeél;@@% d‘h@%@ﬂ&@&f&%@hiﬂtﬁﬁhﬁﬁybeaﬂﬁgloﬁigﬁumwa)ﬁﬁm TB to RB,
d2, are chosen equal to ensure the direct transmtter-to- receiver

si gnal and forrl%l%tint‘/‘ﬁs‘éua@ﬁékc%lamnﬁf‘és‘{f%@%‘mﬂ&fe?tﬁmé’ M2 iAs&%t ent . The sane
sensor R can beo Ry AR alimB208th fiice shown in Figure 2, Ieading to a
nore conpact design the conplex voltage at receiver 214-1, RA due to
current at ISransm tlIeAOIMIZaI%emMNEIéWGE@GS%@nWM be gRRde-28n%i t h t he conpl ex
voltage at rec gﬁﬁ 9 ﬁtﬁ [Esi G ErERtfir@lrahdiBittby ARSI taan, 212- 2,

TB, denoted as%%%ﬂi tﬁjfeé tr ﬁg tmgﬂﬁgnal 1(fan age witten as

Vahead- of - bi twmmponwms(ﬂggamah@@ﬁﬂcaww?M IoRkRThe piderd her ei n denot es

t hat neasureabl e IRakafn@tter 869 ¥er R, due
to application o?gg%%m%ddés&iﬁ§quﬁ%%£1?%2%§%%% ter a]ks, W%ere Ignd ] can
vary to refl ectandiif fespast, receavirm sigrel & segodd receiver 214-2, Rp. The distances

20  from T, to Ry, d;, and from Tg to Rp, d,, are chosen equal, d;=d,, to ensure the

direct transmitter-to- receiver signal and formation signal can be cancelled to a
maximum extent. The same sensor R can be chosen as both R4 and Rg, shown
in Figure 2, leading to a more compact design. With the complex voltage at
receiver 214-1, Ry, due to current at transmitter 212-1, Ta, denoted as Vr4z4, and
25  with the complex voltage at receiver Rg due to the same current at the
transmitter 212-2, Tg, denoted as V7prs, the ahead-of-bit signal can be written as
Vahead-of—bn =Vrara = Visre ¢y
The nomenclature, Orxyj, used herein denotes that measureable signal O is the
measureable signal O at receiver R; due to application of another signal at
30 transmitter Ty, where k and j can vary to reflect different transmitters and
receivers of the tool. For example, O can be realized as a complex voltage.
Figure 3 shows an example embodiment of an at-the-tool (AtT)

arrangement 305 of a tool. AtT arrangement 305 includes an arrangement of
9



receivers of the tool. For exanple, 0 can be realized as a conplex voltage.
Figure 3 shows an exanpl e enbodi nent of an at-the-tool (AtT) arrangenent
305 of a woabi2/dsdkear r angenent 305 i ncl udes an arrangempat/usbo19/045633
transmtters and receivers structured such that signal contributions from
anonal i es ahead of the tool are cancelable to a maxi numextent. At T
arrangenment 305 includes a first transmtter / receiver pair and a second

transmtter / LegcaiNgt axﬂlaﬂeée-lve;_shs%ruf:t‘ufeatsuélftﬁﬂ%fﬁhﬁltc%ﬁmbutﬁ&ﬁ GloMer pair is
arranged as a btransmtter antenna 312- I'ted with re;gect to a

| ongi t udi nal arhenaigyahspd pfie toabareamelablpwwémumxaeﬁh H14-1 tilted with
respect to | 0”3#&%@?%‘3@% 4894 £Rf tridifitheP Pleciie Baik B 2 dekai@s M tter antenna

312-1 i s separ roma re erence cross-section 309 of the tool by a
first distance tranlsimttqrﬂdecm@a}auerThaﬁrSéﬁW&H@lﬁf Tecpigerapyas Araaget a5dm r ef er ence

Gross- sect | gn gr?srrg er alr{t%mga%l }illte% vﬁﬁlcrgg})gct% ﬂo@l na‘ii §x1s LY Ji{'{fr‘e fecond

transmtter ™/ receiver pair |s ar as a nsmtter antenna 312-2
tilted with rean@mtecemerlaotegmt ﬂdrlrﬂtedamtlse@e@t t@fongllaeilltab@tls 3Woofahe ecei ver

antenna 314-4 i | t‘ﬁ‘?‘él}ﬁg%h ! e %gtt t%lEqn &)g%{eﬁq“}o k%ergi"gz CR)fSS the tool such

that transmitt&©l "Cep ara rom r erence cross-section
309 of the t00|sedm}6na09dsﬂthdtodil@taaﬁl@'edlstd&p, drodrecpevatenaaBbhhas 314-2 is

separated fromreference cross- 15 sectjon 309 of the taqal fourth

di stance, d4. ast?iir#l I §“°F|°¥°§i'se§ﬁ8“%@c"éﬁb"ta@bt‘/ﬁﬁé%’élgf‘)“sm%%af to the sum
of the thind a"Fﬁe EQ@uhd RardinfteaNeeSveripak is arﬂihgdﬂ&sandﬂshdﬁer a'ﬁtmmghth—he

rel ati onshi p of _individual dlsta ces d 0 each other is

set, the above tiigdivith resprct fo lppgity mf‘lc?xli%%nghF fqol ﬁwcelﬁéfgﬁﬁérﬁce

cross-section 3924qfited Gfﬂhtrééﬁéct fABndiRdineIRdxis30U oBfhe tdvf sdchrtidt tramshindr t he t ool
| ocated nearest the drill bit. 20As shown in Figure 3, eac(ﬂ nteﬁga can be
tilted with regpesna 3132 issperatrdifiom referense gigss- ieﬁt“tnrf@9§£ﬂ§ gy a th

exanpl e, each i£eNQ, %ﬂ@re@&v@r‘aln{eﬁgam AR séfapicarom fgtReerss-dl, d2, d3,
and d4 can be neasured fromthe centers of the antennas to the dr|II bit.

The cent er d5naypedsion 30Defthe toabbhst afeuriafisirees dgFre sppof s dest apd secgpd 3, and
d4 can be neas '(‘)ﬂl? %%ﬁésﬂféq)u%ﬂ% RS hPthird B i%ﬂlttl?&'i%ﬁceg Q.c2 d2RK, efggrgnce

cross-section that I1s perpendicular to longitudinal axis 307 in
accor dance wi t Whanghaheyeintionsh0d individrel idistappegidral2,3h, and ds to qagh pthar igr r angenent

3 A R L Bon & A B ndT B req (1EpERR YRBN AR erb A e SedibREM L1 NG 2
signal fromfi Lt F AR ter (_1L (? I'n response, recelving a
signal at fir stofteaedl ¢ar bexdlizéd aRbe fiflsh aldnfhmrtool located nearest the drill bit.
20 As shown in Figure 3, each antenna can be tilted with respect to
longitudinal axis 307 to the same angle. For example, each antenna can be tilted
by 45 degrees. Distances di, d,, d3, and d4 can be measured from the centers of
the antennas to the drill bit. The centers may be along longitudinal axis 307.
Distances d;, da, d3, and d4 can be measured from the centers of the antennas to a
25  reference cross-section of the tool that is perpendicular to longitudinal axis 307
in accordance with arrangement 305 shown in Figure 3.
In AtT arrangement 305, two measurements can be made. One
measurement includes transmitting a signal from first transmitter 312-1, Tc, and,
in response, receiving a signal at first receiver 314-1, Rp. The other
30 measurement includes transmitting a signal from second transmitter 312-2, Tp,
and, in response, receiving a signal at second receiver 314-2, Re. With the
distances from transmitters and receivers as di, da, d3 and ds, as shown in Figure
3, these distances in this example arrangement obey the relation, d +d> = d3 +
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30 neasurenent includes transmtting a signal fromsecond transmtter
312-2, TD, and, in response, receiving a signal at second receiver 314-2,
R Wth twe dizmhanees fromtransnmitters and recei vers agctiis26¢i8/04%533 and d4,
as shown in Figure 3, these distances in this exanple arrangenent obey the
relation, dl1 + d2 = d3 + «c¢/4, to ensure a signal from anomalies ahead of
the bit is mnimzed. Wth the conplex voltage at receiver RD due to
current at trapsm tdstle a gndEmth Stbndied/ahbbdbfihe BibH nvihinhizddhavistoipl ex vol tage
at receiver due to the sanme current at the receiver TDEFgen%t ed as V
TDRC, the at -t lsemplgwyoltaige piaposiver Rp idug ©rrugentat pansipiier {pdenolfgias Lyerpcrp - v
TORC FI gui6q Gt %%m?&x%&lgﬁglaﬁremﬁcmﬁ@fo tRS sadfe cafre@ne@eent 405 of
transmitters and receivers of a tool applicable for anisotropic

neasur enents. AgceverjEndanoted 957 inrg Itheckigheataolsignal i WHEM 2%f transnitters and
receivers s%r uctured to captyre a séipgnaI_Vfrom around 5_)he tool such that a
hori zontal 10resistivity signatetan B& defBupl ed fror% a vertical
resistivity signal $QuR ABSliun@xpR¥mbodineatrRRAngtRnf05tofansn tters and
receivers includes a pair 411 of transmtter antennas and a Eai r 413 of
recei ver ant entassmitters and feggivass efiadpolanplicahls forpnisoopiGREREMENS ot najr 411
of transmtter Aﬁrﬁh DS 405intlhlids 8 aWhidmERTP BEhsnliferdand¥8@itendi nal axi s 407
of the tool such tRat center points of the 15transmitter antennas 412-1 and
412-2 are col | stratterdd to@aptuteraagignsl fremeraynd thetepl sechdghat 2 hodzontabt ¢ he pair 411
of transm tit.er _ant.enn ' . | nd the opposite
tilt azi rrutltr(l) aﬁ%%égg%g%az%%ggcﬁgggnﬁ%é&%ﬁ%fﬁﬁgﬁyéﬁoﬁlz- 2, of pair
411. Each receimeimantxaenta Ardfigenientdl§ of tgnsmittess apskriepeivprginelidesadairy er
antennas is til with respec | ongi ' IS 4 ool such
20 that center 4;2%%‘5“6‘?“%‘ 3 "r%ﬁcaélg\?gfgl?gﬁ gﬁh%gjeﬁ%ﬁ%@a%g%cgfﬁﬁ%ﬁﬁre

col | ocat ed. OnentefeeilBl amdv e af par 4.1 of rdnshyitteyfantenmas isil@dofithy ecei ver

antennas has the sane tilt el evati ngl e a i ilt azinmuth
angl e as the otr?ts@f"’ttt%?:%’f’%%‘\dngﬁ?’%%a,Ofg}.’eg.(’&ﬂ%ﬂ?%tag?t&pa?lrﬁé ﬁ%&é As shown in
Figure 4, gach tapiciRecan®hng 412Q0%5d d02+ hctofladatedo Ona mhmsnritisr aBmwan be til ted
with respect to |ongitudi nal is 407.t0 the s angl e..as a.correspondi ng
ant enna of the °& ﬁbﬁl’é‘gg??agéiﬁf)gﬁa"ﬁgﬂe? anigpa @agﬁ]fﬁs ?‘eg%trereé’%%%lndi ng
antennas can benple hh®e BYpdhe fieaiRath MpleRY the dhefiRgismiiter attital &g t O

412-2, of pair 411. Each receiver antenna, 414-1 and 414-2, of pair 413 of

-

receiver antennas is tilted with respect to longitudinal axis 407 of the tool such
20  that center points of the receiver antennas 414-1 and 414-2 are collocated. One
receiver antenna, e.g. 414-1, of pair 413 of receiver antennas has the same tilt
elevation angle and the opposite tilt azimuth angle as the other receiver antenna,
e.g. 414-2, of pair 413.
As shown in Figure 4, each antenna of a cross coupled pair of antennas
25  can be tilted with respect to longitudinal axis 407 to the same angle as a
corresponding antenna of the other cross coupled pair. For example,
corresponding antennas can be tilted by 45 degrees or by -45 degrees relative to
longitudinal axis 407. The centers of the cross coupled pairs can be along
longitudinal axis 407. Distances d can be measured from corresponding
30  antennas on the pairs in accordance with arrangement 405 shown in Figure 4.
Distance d is not limited to specific values.
In arrangement 405 applicable for anisotropic measurements, a pair of

tilted coil type antennas can be used for each of the transmitters and receivers,
11



| ongi tudi nal axis 407. The centers of the cross coupled pairs can be al ong
| ongi tudi nal axis 407. Distances d can be neasured from correspondi ng 30
ant ennas wo 201p2pR6rs i N accordance with arrangenment 40pcshspevoiomseds gure 4.
Distance d is not limted to specific val ues. I n arrangenment 405
applicable for anisotropic neasurenents, a pair of tilted coil type
antennas can be used for each of the transmtters and receivers, where one
antenna in the paif 0ag.1A§ ﬁ@gﬁrﬁé | the ShRUALAIQRHG WHgR 230 theldpBosBposi te tilt
azi mut h angl e. Shown- i Fi gure Af, center points of antennas wthin each
pai r are col | ochtgichuthiingte. PE shown iiFigiae d1 denfgr pdiets of antesnes Witligeashi r and with
RE and RF denoti.ng t receh M [ I Recal
resistivity si B?‘f&%g Cgﬁ%c% g-b{é}{%@géﬁ %gﬁd?/n:ogg% E‘g%@%@k Rgip%ad/u‘gftﬁ? %‘%s: Y,

hori zontal = VIERE: denviliigREe révdiFing paiy, TREqr@pntshand vertioa] resisgVieREgnalsy TER? -
VTFRE VTFRE( 4) Fi qures 5-7 show exanpl e enbodi ments of an arrangenent
of transni t?er§a‘ht?fo°b|taé%egiv\?aet?’§?oélf’wglgte%?eﬂoélsp'pl i cabl e for both AoB and A'?T 10
measur ements. These arranger’rvn;timsm,i-_n]zjjﬂgd;eVT%pWT;Rgmg@gpnt of tr&@smtters and
receivers structured to capture a signal from anonalies ahead of the tool
such that contributions fromVgj[ e, -dhsp-Vige+ Ve ecei ver silhal s and
formati on signals around the tool are capncelable to a nmaxihum extent and
structured such t haFigaiegfdshewstammle embofimeniseha835apaemsat %head of the tool
are cancel abl e f, 0.9 A PXEIRER SP4l 168 applicable f6H U KoBaid QWS an exanpl e
enbodi nent of an arrangenent 505 of transmtters and receivers that

i ncl udes a 10i r sueasurements. {These arrangamesintsdnclysigian agangepspt of t@REYHES Pfhnsmitter /
receiver pair 51 i i . i Paul i anged as a
transmtter antreé’%iﬁlgggﬁhr%‘? ?qnctagye\t/\ﬁl# a} g%%&ﬁflg??{agﬁﬁﬁg BOC?I)l1 ﬁ{aclh axi s 20507
of the tool andhaacomdimitions frem dizent radsmitter-to-roeiver signals apé §pmation o

| ongi tudi nal axis 507 of .the.tqol thals 12-1 and
recei ver ant enign8]aropmgh grgosole?)rgrc %ﬁ%@ﬁié;& gﬁ%)é%glr ati g%&rgil's&% g%%g@g?h‘sSecond
transmtter / netsigyscoptbutiond Somanamales gewd aftha taol anesancelable taat enna 512- 2
tilted wt retsn?ect to | ongitudinal axis 507 of the tool and a receiver

ant enna 51422 {Ha Ry gGef- respect to 25 |l ongitudinal axis 507 of the tool
such that transm tt jguRiH SowaabdAniplesibodintni ofan amabgenrat POHL2 ar e

separated by the separatjon .distanc . First trgnsmtter |/ cepver pair
517 is separ at S@NRGHS SRLERAVES é’ﬁtslﬁ’?elf‘%éla fJFSt?TéBSé'?‘&%I/ "HEM @irgé'lgﬁél he
separati on di st;aRcAd&andMifiéraR&Biver pasr 5191 Flrittiah@aittéo recebpepdif 516 ival ue. As

shown in Figure 5, each antenna can he tilted wth resPecImdto .
arranged as a transmitter antenna 512-1 tilted with respect to a longi inal axis

20 507 of the tool and a receiver antenna 514-1 tilted with respect to longitudinal
axis 507 of the tool such that transmitter antenna 512-1 and receiver antenna
514-1 are separated by a separation distance d. Second transmitter / receiver pair
519 is arranged as a transmitter antenna 512-2 tilted with respect to longitudinal
axis 507 of the tool and a receiver antenna 514-2 tilted with respect to

25  longitudinal axis 507 of the tool such that transmitter antenna 512-2 and receiver
antenna 514-2 are separated by the separation distance d. First transmitter /
receiver pair 517 is separated from second transmitter / receiver pair 519 by the
separation distance d. Distance d is not limited to a specific value.

As shown in Figure 5, each antenna can be tilted with respect to
30 longitudinal axis 507 to the same angle. For example, each antenna can be tilted

by 45 degrees. The centers of the antennas may be along longitudinal axis 507.
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30 longitudinal axis 507 to the sane angle. For exanple, each antenna can
be tilted by 45 degrees. The centers of the antennas may be al ong

| ongi t udiwel20:x02892607. Di stance d can be neasured frompcorusesROREENg

| ocations on each of the antennas in accordance with arrangenent 505 shown
in Figure 5. Wth V AOB denoting the conpl ex-val ued ahead-of-bit signal and
VAST denoting the conpl ex-val ued at-the-tool signal, neasurenents nade
with 5 arrange : ionVorl dadd of e T2R1(5) V AL T
N TiRe v TaRE e e B R e ol e eant | y

i sol at ed AoB shumalas infegoerdines with prrefgement S8 shovr BFigEsS-a significantly
isolated AtT signal,. igure.6 shows .an -Shasi g f an
arrangenent 605 of Wr‘é?f};rﬁ ape tgﬁgon#%‘gxéya\q/&e(e?rsm 1(3)"?1 a {00 ?p%?r@ﬁgenent 605
includes a tr aﬁé{ﬁﬁh%ﬁ{e comple@RaiEd dtthe-RRAI Sighal, Incdfiferfenteagdeweith /| recei ver
pair 613. Transmtter / transmtter pair 611 is arranged as a first

transni t t er 5anawmgamentF0§ camebraxgreegdes om a second transmitter antenna 612-2
by a first distance, s. Botp trgnsmpter antenna(fg)612-1 15and 612-2 are
tilted with respect to a | ong§f t udnal8xi s 607 of "the tool. Receiver /
receiver pair 613 is arrangpd ay a ii/r“?lt recei vegg)ant enna 614-1 separ at ed
froma second receiver antenfia 6142 By the first distance, s. Both

recei ver ant enmggathhqs)kfeaiietlipoddarasignificanidl isdlated AeBpigpal. thquitinngi t udi nal
axi s of the toaol 7, Jranspmitter./ transm .pahr 611 is separated from
the receiver /(@t,ﬁgfgftv’é]rypﬁ%‘f‘?ies @I’g{%wyalsilgtgéhgfﬂg@'ance, d. Distances s and
d are not ljpnited t pighReTIhbive aivélatike embodimenfsf anhoumgenenfi0gwfe 6, each
antenna can be tilted with respect to longitudinal axis 607 to the sane
angl e. For exaignanitigrgapd @W‘%ﬁﬁg‘éfcactaﬂ' %‘apg?‘?eé’gk%nﬂg&(ﬁ@gﬁragsensu. “he centers
of the antennas.,f&¥heaitlcnand Preéivadidaivedpairs1 80 Tranhistaiteasniteand d can
be nmeasured from correspondi ng | ocati ons on eagliudof the, 25 antennpas in

accordance wi t painpt hisgaregsd 268 51s§ HeRgmites apepa,0d 24 sepaseled FemEP L ade wi t h
arrangenent 60%,qamuBenfHRS @1525239y #8rst distance, s. Both transmitter antennas 612-1

15  and 612-2 are tilted with respect to a longitudinal axis 607 of the tool. Receiver/

receiver pair 613 is arranged as a first receiver antenna 614-1 separated from a
second receiver antenna 614-2 by the first distance, s. Both receiver antennas
614-1 and 614-2 are tilted with respect to longitudinal axis of the tool 607.
Transmitter / transmitter pair 611 is separated from the receiver / receiver pair
20 613 by a second distance, d. Distances s and d are not limited to specific values.
As shown in Figure 6, each antenna can be tilted with respect to
longitudinal axis 607 to the same angle. For example, each antenna can be tilted
by 45 degrees. The centers of the antennas may be along longitudinal axis 607.
Distances s and d can be measured from corresponding locations on each of the
25  antennas in accordance with arrangement 605 shown in Figure 6.

Measurements made with arrangement 605 can be expressed as
Vies =Vrim =Vrara (M
Vir =Vire =Vram 3
Equation (7) effectively provides a significantly isolated AoB signal. Equation
30  (8) effectively provides a significantly isolated AtT signal.
Figure 7 shows an example embodiment of an arrangement 705 of

transmitters and receivers of a tool. Arrangement 705 includes a first transmitter
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VAoB =V -V T1R1IT2R2 V At T =VT1R2 -V T2R1 Equation (7) effectively
provides a significantly isolated AoB signal. Equation 30(8) effectively
provi des wobpmizkézéant |y isolated AtT signal. Figure 7 shows2@0/08633p! €
enbodi ment of an arrangenent 705 of transmtters and receivers of a tool.
Arrangenent 705 includes a first transmtter / transmtter pair 711-1, a
second transmtter / transmtter pair 711-1, and a receiver / receiver pair
713 FIrSt UF NSl phiv 4120 STldnf fraRiiitier kdnshuiks: plrangehaas a fir st
transmitter antenna 715-1 separated froma second transmtter antenna 712-2
by a first di steasiver/ receivBopdir ’tlﬁaﬁgﬁﬁ’ftapmmafr(tt@ﬁﬁa@eﬁz H1drgarpanged gy e
tilted Swith res F antSg@mond
transmtter / ?r%ﬁrssﬁntr% mﬂtew{{&h}?ﬁié%{e%a?%%cf%%{?ég&fgg&gﬁlsgf?&r@d transmtter
antenna 712-3 §E232b&bé‘nhtﬂrsmea8fBuﬂlttﬂanmlﬁﬁsimem@rﬂ&ﬂta@ﬁﬁbz 2 tiltely ¢ he

first distapce Both tran t 7 o fdas4 are tilted
with respec 8’%6??8?%“0 ir’?zri %ﬁqas%%@ooﬁ@%ﬁgdt (133,0 O%d%gcel ver / receiver pair
713 is arrangedammerfpairgﬂl-aexmtan@daalattbrmiaan?mttte.ﬂ_arm@sleﬁé? -Asemratiedom a second

7941 and 714, Bomygopth Pl AR 0 SR RGER Y, PRI RhUER PTG

tool . Receiver aftefirf6 @12:8 andAli2 4 a?r&ﬁltecﬁwdh&ppmeﬂ lblgltwhaad akisI767 of thansni tter /
transmtter pair 711-1 and second ansm’t%e ééran tgnraﬂglr 711-1 such
that the recei Vol ReceleriigesivepRpT 71718 airanged i MGV L atea *th ansnitter /

transm tternolS sRatdiedtickn és@:ﬂﬁd fel‘:&%r%ﬁl@m mnamm ﬁisEdhsthnde[arBoﬁlt ter pair
711-2 by a second di stance stances s and 15}51 21 20
speci fi ¢ val uegeceiver antenpas 7slt"lolvﬁr‘i‘d 7ﬁ4-ﬁla§q_ﬂ1@dwlthg§§pﬁctéﬁ{0§g mab i 0% i 1 t ed
wi th respect t%flh@@&htR@Heﬂz%{/@&@&Qﬁtﬂﬁﬂ%@@e&%ﬂgﬁ&trdﬁ@xmrexarrpl e, each
antenna can be tilted by 45 degrees. The cent ers. of thglelaﬂééggffaé may be

d

al ong | ongi t udittansmitissi P§lf7®17'1 and) sqopad Enswites/ Eangmiieg BAT from
correspondi ng él?e%ﬁéél&??regé gﬁﬁl 794 1srsgﬁrzﬁéﬁ-§6}ﬁ'ﬁ§st trinsBRERY daneste t h

arrangenent 70 oWn' I n MEasur enents made with arrangenent 705
can be expriéssedir 75l -‘VambBQmVG@R«i trwgm«ervtrmszttefm Rb1-rpy psecond

distance, d. Distances s and d are not limited to specific values.

As shown in Figure 7, each antenna can be tilted with respect to
longitudinal axis 707 to the same angle. For example, each antenna can be tilted
by 45 degrees. The centers of the antennas may be along longitudinal axis 707.
20 Distances s and d can be measured from corresponding locations on each of the
antennas in accordance with arrangement 705 shown in Figure 7.

Measurements made with arrangement 705 can be expressed as

Viorr =Vrim — Visw ®

Vionr =Vrara =Vrara (10)
25 | Vri =Vews = Vram (11

Vi =Veam = Vrare (12)

Equations (9) and 10 effectively provide a significantly isolated AoB signal.
Equations (11) and (12) effectively provide a significantly isolated AtT signal.
Arrangements 505, 605, and 705 of Figures 5, 6, and 7, respectively, or
30  similar arrangements such as with positions of transmitter sensors and receiver
sensors interchanged, that feature both ahead-of-bit and at-the-tool

measurements can produce a compact tool. Arrangement 705 can be utilized to
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25V AtT1 =VTIR2 -VT2RL V At T2 = VT4R1 -V T3R2(12) Equations (9) and 10
effectively provide a significantly isolated AoB signal. Equations (11) and
(12) ef f ewbieedogzeovi de a significantly isolated At T sipgmals2odosssgenent s
505, 605, and 705 of Figures 5, 6, and 7, respectively, or 30 simlar
arrangenments such as with positions of transmtter sensors and receiver
sensors interchanged, that feature both ahead-of-bit and at-the-t ool
measurement s _cam MAAESS helArRREL WiRRbomAhiABRIRR-AGDsGag be utilized to
make two sets of measurenents en conpared to arrangenment 605 and
arrangenent 50&rangemertE05xpthn sepense afio adfiianabisaiorsensor s. Fi gures 8
and 9 show exanpl e ﬁgt}g ShoexhbBRARNGRb s Bf arsh st drer _and

recei vers of tools applica T ani sotropi c 5 nmeasurenents.
Figure 8 shomummm@deecemgad]fmappﬁcaéhfaer@thmman&‘)BomP transmtters

and receivers that udes %%%g”&lh t @3t ennas, a
second pai r§81Te§suﬁefneP{’ ansgrltl{eta% Show%%\ g’%ﬁ{ ogi}n?ééltt I){)a receiver
ant ennas, and afmamérsmdltecB&&smaoﬁlcludw ﬁ'relrpaar&léﬂnﬁyanﬁatm transm tter
ant enna 812-1 and 812-3 of f.ipst ir 8 1 of {ran tennas is
10tilted with ?‘E%IB‘&%PSF%"‘QPT"B%&'%E@*ﬁﬁ‘&‘?“%&?‘%"%ﬁa %l%{a%oﬁpsuch t hat
center points f&:eﬁfé'tﬁnfehﬁd@%ﬁdtatsecfondlphlelms obeQen’teramdm&ﬂQEﬁbhof first pair
811-1 of transpmitter anteni ransmtt antenna, for
exanpl e 812- 1, UeSTHHG dRtepng Sf?%% ?f‘%?%w %moe{ﬁpgﬂlﬁtgga A8 he sane
tilt el evatponiangken @&s&cp@ m&igﬁtedlhallakls 307 6Lihdtahgick tlascdntee pointsef
transmtter antenna, for exanpl of first %51 1-1 of

transmtter anfhér'ilﬁa%nlttﬂe?@ﬁn{“}séﬁgﬂ'lapflé}z -3 Rt Brshepicd] Z‘Pa’(ﬁ‘as % 4 of second

pair 811-2 of Eﬁt@rﬂﬁghret:@lﬁocﬁt@a eORGGarstittel htGitha\Wol BxaiRPBI0L1, oofitsONgi t udi nal
axis 807 of the tool such that center points of the transnitter. ant ennas

812-2 and 812- naipdllthef Ensmilgr gugnnagifas ﬁheaﬁﬁ@ﬁrﬂltte@wa%taéﬁ]ﬁag RO | ocat ed.
One transm ttep Qﬁ}n‘ﬁﬂ-{%glet ﬁ'fhemhﬁng’&fg aftenit fo} €£ple BRI, Bhidst 2 Of

transmtter antennas e 20 same tilt el evation angl e ‘and opposite tilt
azinuth angbe pair $Hel of trmsmitiensmierinas. diach trewsmider anispnaciardnd 883208 of

second pair 81 e-cgn ]%auI 4§13 rbs(gp t}ahgﬁig%?e?ﬂgssis tilted with fodfebt tb FGgitYEhal12 nt enna

814-1 and 814- I rst receiver antennas is tilted with
respect to Iongxﬂ; &@ﬂ ofahe ml suclsmat ahtet prants obthe gansmitdranteoraiBé?-2pad nt s of t he

receiver anten QP74 } t[llle secon &j pair é‘f t%ngmltt]éxl Jn?e&m%a:fré co%)gaté'd ke fakheat ed.

antenna, for example 812-2, of second pair 811-2 of transmitter antennas has the

20  same tilt elevation angle and opposite tilt azimuth angle as the other transmitter
antenna, for example 812-4, of second pair 811-2 of transmitter antennas.

Each receiver antenna 814-1 and 814-3 in first pair 813-1 of receiver
antennas is tilted with respect to longitudinal axis 807 of the tool such that center
points of the receiver antennas 814-1 and 814-3 of first pair 813-1 are collocated.

25  One receiver antenna, for example 814-1 of first pair 813-1 of receiver antennas
has the same tilt elevation angle and the opposite tilt azimuth angle as the other
receiver antenna, for example 814-3, of first pair 813-1 of receiver antennas.
Each receiver antenna 814-2 and 814-4 in second pair 813-2 of receiver antennas
is tilted with respect to longitudinal axis 807 of the tool such that center points of

30 the receiver antennas 814-2 and 814-4 of second pair 813-2 are collocated. One
receiver antenna, for example 814-2, of second pair 813-2 of receiver antennas
has the same tilt elevation angle and the opposite tilt azimuth angle as the other
receiver antenna, for example 814-4, of the second pair 813-2 of receiver
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250ne receiver antenna, for exanple 814-1 of first pair 813-1 of receiver
antennas has the sane tilt elevation angle and the opposite tilt azinuth
angl e as wbeonidsyer ecei ver antenna, for exanple 814- 3, pofi/Ustediossas r 813-1
of receiver antennas. Each receiver antenna 814-2 and 814-4 in second pair
813-2 of receiver antennas is tilted with respect to |ongitudinal axis 807
of the tool such that center points of 30 the receiver antennas 814-2 and
814-4 of second i - 2 : i fetbappa.-1 for

exanpl e 814-2, arggé{égc%#gpééﬂﬁﬁ%‘l?&%? Eﬁgggﬁgfﬁfﬁﬁeﬁﬁgs hgs the sane tilt
el evati on angl ef aanmittve autprpes by @sepatatiorndistansed. a¥rgPrd ppdr 81422 &ft her recei ver
antenna, for exampl.e 814-4. .0 gk 2 =2 i ant ennas.
First pair 81347 lg?rea‘gtg%dgﬁs A {rgtg%ggﬁﬁggé)g%g%? égref%?lgér%a?l ?‘rﬁﬁswg}iler 811-1 of
transm tter ankeparusisn bigtancesdpSecand pair i3k efitecsivetantGwedisdenszated g@!& 2 of

transmtter _antennas .is .separated fromfir L8131 af s recahMer

ant ennas by°t héecé’ﬁ‘gﬁ‘?“é@i léﬁg%fagfrg S asgg(?%%%%%%f"r%@i%qc%’ %fﬁfrggcei ver
antennas i s segas$ ajtichikd @epbsific oalaksp Airst pdit 8121 of receizersmiennasris ant ennas by

t he separation distance, d. Distance d is.pot |imted t 2cd f i€ val ues.
First pair 81396pesed pehwaen st %Szﬁ‘ﬁaoggﬁagsrﬂ&%r&%vﬁasﬁgg\s/\eég%‘?faﬁr?gsltl 2|¢C)ai r 811-1
of transm tter (ppiRMNES amBshasecond pair 811-2 of transmitter antennas. As

shown in Figure 8, each antenna of cross coupl ed ptir‘?radr.of r?tnt ennas 10 can
be tilted with respééﬁhqvﬁllpgff%‘?et%&?%aﬁme% g CQIHIHPLESHEF o a5 a

correspondijgg amt BRI ith Besith BhgRIdaS axiO8W 16 theaime angléad a exanpl e,
correspondi ng antennas can be tilted by 45 degrees_or by -45 degrees

relative to | osgirespending anigapa ofthy othanrzoss soynlsdpags. FH&X¥PREs coupl ed pairs

can be along |q ésb&?ﬂi%nt&ﬁé&aﬁ@gﬁlt&@%QTegﬁ%&B&ﬂ-ﬂi’ld@g&d‘e@?@mm 805.
D stances d can be 15 measured from correspondi ng antennas_on the pairs in
accor dance wi t fongitnding enis 807805 ashigtwof the cmsg geupleg pairs can beglangngenent 805
provi des a strygt %&n&lg% SP?ﬂiteEE(ﬁﬁa@QWhﬁaﬁgQ{nEm 05 - mn_QQsldcaﬁﬂbg

ani sotropic meastr ements. In such an arrangenent, a vertical and a

hori zont al 1feasumemehirora cerespendingzntensas ontibg pairs imaecpdancavitiot r opy

i nformation 20 can ebe tegofsesﬁ(g' %Ifg Qbkained. Measurements associated with
ar r angenent 803 RETSE Wnér e e TN the subscri pt refers to horizontal
rel ated signals andAtfasgemenn8GSheosddssctrigrethat fapireseheagrafibitapt-thes| at ed

signals. Equatio 3). effectivel royi des 1.anl I I 5ql at ed

hori zont al resit%‘iqi%gl?g}‘s?ﬂi(’pbce@eaﬁ“&ﬁlgﬁt.s' )\éqsga ?ngar?sa b%éng% ?Ué%d{c?lvdg ?/ provi des a
signi ficantly \efkingameaasimdnt setayailablelsatimtfoRhatbadnispigerylinfoBatidquat i on (15)
provi des a signifjcantly.isolat hori zont al r.esi stivi Rh._di si gnal .
Equation (28) 5B %&9”%31% PW‘F‘?&%‘F‘P{SPVWE% P%?f’%ﬁte‘\h/g%t Pea gelrnggtlcgg F %I% ty Rv

direct signal. peexpressed as follows

VAth = VTlRl + Vms + Vrsm + Vrst - VT2R2 - VT2R4 - VT4R2 - VT4R4 (13)
VAoBv = VTIRI - Vms - Vrsm + VT3R3 - VT2R2 + VT2R4 + VT4R2 - VT4R4 (14)
VAtTh = VTlRZ + VT1R4 + VT3R2 + VT3R4 - Vrzm - VT2R3 - VT4R1 - VT4R3 (15)

25 Vire = Ve = Vrire =Vrsze #Vrsra =Vear +Vrars + Veam = Veans (16)
where the h in the subscript refers to horizontal related signals and the v in the
subscript refers to vertical related signals. Equation (13) effectively provides a
significantly isolated horizontal resistivity Ry, bed signal. Equation (14)
effectively provides a significantly vertical resistivity isolated Ry bed signal.

30  Equation (15) provides a significantly isolated horizontal resistivity Rn direct
signal. Equation (16) provides a significantly isolated vertical resistivity Ry
direct signal.
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Figure 9 shows an exanpl e enbodi nent of an arrangenment 905 of transmtters
and receivers of a tool. Arrangenent 905 includes a first pair 911-1 of
transm t two 2012B928S, a second pair 911-2 of transm tterpcaniseswassesn first
pair 913-1 of receiver antennas, and a second pair 913-2 of receiver
antennas. Each 5 transmtter antenna 912-1 and 912-3 of first pair 911-1 of
transmtter antennas is tilted with respect to a longitudinal axis 907 of
the tool such that gGRLe/snOL B Safiblelchibbafichi dtan aRlenas R3or1 and 9123 of
first pair 911-1 of fransmtter antennas are collocated. One transmtter
antenna, for extamuh‘eer@a_rzl-rﬁcel‘cﬁrs dfiarteql. patangeyent W55pcludesAdingt PP hht ennas has
the same tilt eleyatl D95} ihshideh arkfhndZ b0l € 25 the
ot her transm tté&ansmt%?aﬁ%fd a%@&nﬁgﬁr@gl Sl?l fel arlst pair 911-1 of
transnitter ant%mlaﬁrecﬁwhntenmswldtatsecronémleﬂlrﬁaZ ofireceives gatemps.- Bachf second
pair 911-2 rans tter nn t Redn@@i t udi nal
axis 907 of 9th %Y ré’ﬂ'@ agﬂ;el %ng?tlgr% OEE%SEﬁgry\ffl p%e@%ﬁ%ﬁt%er ant ennas
912-2 and 912- 4ied wﬁh‘;‘fﬁéﬁﬁitmailbnﬁﬁlamﬂ anfs 907 afitheitdol srchaimt esntepoimiseof

coll ocated. One 15transmtt [ l.e 912- ond pair
911-2 of transHPREYERCTAAt :?ézﬁ g?%% t ailrladtﬁﬂi)ellOef\?/ra Slnglﬁe%%be ea%and t he

opposite tilt a7 dsubdatedNPne tr@Bsntifier adlchie, fdrreampn p12et, ofifits pria9l if-bof exanpl e
912-4, of second pair 911-2 of transmtter. ecopadt{lpalr 911-2 of

transmtter anfi@Rwateragteapssdipsthe gorpe g fﬁlf‘fa]tlg? ‘??%3&?@08 Fansmitter
antennas bypa fabikth HightadMetothe trarsifid Anteftg for @kangplé @13 of fifst ibaland 914- 3 of
first pair 913-1 of receiver antennas is tilted WM;}O# (€9elg4

| ongi t udi nal a®itk19fFansmitesaniepnss. Eyrbyirapsmifteraniipa i* the receiver
antennas 914- 1 ;andy 2&49?1 9t thdnbSlttePRitdnneli3 tikedith fé@@ctlﬁﬂo@gﬁh&lﬂﬂas are
collocated. One receiver antenna, for exanple 914-1, of fi rs% 913-1 of

recei ver ant enmais 99&ef thitooksueh that gentes peipistof Bﬁ“&ﬁﬁmlgera?ﬁffn{“’r?eg gl te tilt

25azi nut h angl 138L 61 4B Em BB £iRRas FOEIBXAID|Gned14- 3, of first
pair 913- 1 of %}%28?\%?9&%%%5 Eacm recei vesra anq[ enna 914-2 and 914-4 of
second pai r15913rafsnaifteraptepia dor cxpmpln Ah2; of sedond pair Y ok Eangaitter ¢ o

| ongi tudi nal axi B LiteRil PrsutRlndi bR T ecei ver
ant ennas 914-2 aﬁa“"éi‘ﬁs% g&s@ﬁ%jfl&ﬁglg%ﬁ%gtﬁ (g#) rleecel ver anrtléennas are

col | ocat ed. Onehe @heitaasmittertantensy, fdrexadple 8k mysif secdnd pair 992 efecond pai r
913-2 of receiver antennas apd the
opposite tilt a’i'?fl?ﬁfha agre: §§c({nﬁgal§?2§2%i;lé%nes:ﬁlvtge}‘gﬁgﬁrtﬁgﬁﬁg%a o exanpl e
913-4, of secorfdmpﬁisfpa‘a”ﬂgila ﬁftranﬁm&emtenaasﬂmarﬁxstdl&mmsd pai r 913-2 of

recei ver antennas i eparated fr fir . f i.yer antennas
by the i distabea eeeiveEapigpnadli] oy 3143 5E 65 aé%gnlg‘lp‘gﬁg"%bﬁ- 2 of

recei ver ant ennggenidsts ﬁl&:ﬂaﬁ&heq)eétrt@mngimﬁﬁal p);as 9079riﬂhe1toalrudc}sﬂaamedtepai r 911-2
of transmtter antennas such t hat 5}? he ) (%6}1 ts 9193 % % nd 913-2 of

recei ver ant enPRutspdhefeciivs apferis Lé‘i‘ %1 931 FSUDRH 2631 05 TSFVEr ansmi t t er
ant ennas. 5As shRWhsiafe dol16eHIR. DnetaeivePdii@nnFotixampleronsd, effirpd pait pai r of

ant ennas

913-1 of receiver antennas has the same tilt elevation angle and the opposite tilt

25  azimuth angle as the other receiver antenna, for example 914-3, of first pair 913-
1 of receiver antennas. Each receiver antenna 914-2 and 914-4 of second pair
913-2 of receiver antennas is tilted with respect to longitudinal axis 907 of the
tool such that center points of the receiver antennas 914-2 and 914-4 of second
pair 913-2 of receiver antennas are collocated. One receiver antenna, for

30  example 914-2, of second pair 913-2 of receiver antennas has the same tilt
elevation angle and the opposite tilt azimuth angle as the other receiver antenna,
for example 913-4, of second pair 913-2 of receiver antennas. Second pair 913-2
of receiver antennas is separated from first pair 913-1 of receiver antennas by the
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can be tilted with respect to longitudinal axis 907 to the same angle as a
correspondi ng antenna of the other cross coupled pairs. For exanple,

corr esponstongranseenas can be tilted by 45 degrees or bycTAfs:6il09i=es
relative to longitudinal axis 907. The centers of the cross coupled pairs
can be along 10 longitudinal axis 907 in accordance with arrangenment 905
shown in Figure 9. Distances s and d can be neasured from correspondi ng
antennas on the pajig.d 0 ﬁ?&g{ufi@fk@?aﬂ‘d&&na&aaﬁﬁgﬁﬁ%ﬂkc&%;an&ﬁsames s and d
are not limted to speéific values. Arrangenent 905 provides a structure

} hat f ﬁat ures atperateddfonbfitst pait 2l Heand econd ppir 9 HndlobFASBHteHMtEr A asur enent s.
n such an arran . RN 3 L nt are

avail abl e so t ﬁ%ﬁ%%%%lgfe?gﬁﬁgﬁlbgé r %@3ﬁnﬁﬁﬁ?%ﬁéﬁﬁﬁgh§ﬁecti vel y

obt ai ned. Meas betewrenpars Q3 5d@nddEd2 of trdnsmitienaiemenit 905 can be expressed as

follows V AgBh =VT1RI +VT1R3 VT +VTI - VT, - : % 17) 20(18
U RoBy VT LRE VT AL TR Y SO TR TR ot Cqiafed R Bt 1) 20(19)
:wingTlFM +\ABRANT IRh respedi2bng iR RBaxiy/J074Rthe-soffie 4 49 V At Tv =VT1R2
- - VT3R2+VT3R4A - VI2R1+VI2R3. +V. T 4Rl VT 20) ion (17
effectively pr GW‘E?B%“dé“gsﬁnW?f% nePs ‘ﬁr%SSIc%‘fpiegs p&{gb%(ggg?hgﬂgl . EqLati on (18)
((afl 1; ;act ivel 3(; pr Quﬂr@gsr_u?qgsdn@mhid @A bt tifed tyol5alegdesr byedd ddgmreakelat@BEguat i on
~provides a significantly isolated Rh direct .signal. Eguation (20
provi des a si gr‘i‘i”\‘git!%%iﬂ%llai?slgéjélgfe niegs ogfl}eéé 58 §?u§kglp?9s can’be a&%gur es (10A2|3
show exanplig enhipeidiBAlagis007 Bhcadiaig ¥k atragement0s BhaweinFigudd.r ecei vers of
a tool applicable for conpensated AoB neasure re 10A shows an

nt. 30 Fi
exanpl e ar r angdMepices o dfEnbp HieashradiTeqne cogresp E’@W@P%asltoﬂ RfEIudes a
first transm t el ARLERRRarkihbémdnt 985 SBRERAREES ks 2ANE BletnoElimAG BRPific

values.

Arrangement 905 provides a structure that features ahead-of-bit, at-the-
15  tool, and anisotropic measurements. In such an arrangement, a vertical and a
horizontal measurement are available so that formation anisotropy information
can be effectively obtained. Measurements associated with arrangement 905 can
be expressed as follows
V aosn =V +Vrizs + Vs + Veses =Veer =Veers = Veam = Viars (17)
20 Viose =Voim =Vrirs =Vesw ¥ Vrsws =Vaom +Vrags + Vrare = Vs (18)
Vi =Vriee +Vrirs T Vesre +Vesra = Veawe = Vrezrs =Vear = Veans (19)
Vary =Vrire =Voire =Vrsra + Vesra =Veom +Vrars ¥ Vram = Vans 20
Equation (17) effectively provides a significantly isolated Ry bed signal.
Equation (18) effectively provides a significantly isolated R, bed signal.
25  Equation (19) provides a significantly isolated Ry, direct signal. Equation (20)
provides a significantly isolated Ry direct signal.
Figures 10A-B show example embodiments of an arrangement of
transmitters and receivers of a tool applicable for compensated AoB

measurement.
30  Figure 10A shows an example arrangement 1005 of transmitters and receivers
that includes a first transmitter antenna 1012-1, a second transmitter antenna

1012-2, a third transmitter antenna 1012-3, a first pair 1013-1 of receiver
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1012-2, a third transmtter antenna 1012-3, a first pair 1013-1 of receiver
antennas, and a second pair 1013-2 of receiver antennas. Each of first
transm t two 2ai2Be2g 1012-1, second transmitter antenna PpOTArs2¢10mu$33 hird
transmtter antenna 1012-3 are tilted with respect to a |ongitudinal axis
1007 of the tool. 5Each receiver antenna 1014-1 and 1014-2 of first pair
1013-1 of receiver antennas is tilted with respect to |ongitudinal axis
1007 of the { oghinReGal ¥ SloofLAIAS 2 A ek odibntll dadh o ki T ST pair 10131
of receiver antennas are separate romeach other by a first distance, s.
First pair 101Badsnoftermeteeialkdi2dnscoonddtnimitiar antasge 4019t apd ] r st
transmtter antenna 1012- 5 with £&2ASH dnSludi 08 f00bk2- 2 and
separated from S%Sf?’ﬁ?ria}lépﬂz\@ggga?{@%g ant enna 1012-§1 and second transmtter
ant enna 1012- 2tleytoal. second di st ance, d. Each recei ver antenna 1014-3
and 1014-4 of secon air.1013-2 r i A q_t ith

_ ! _ -1 b b &M
respect to Pongitud Irecgkvie]éar%ﬁ’&??{))]f‘l f%ﬁd lzbgglzéoqﬁgsggggg?l%ant gnnase 1014- 3 and
1014- 4 of secoafiepas is tild 3+t rabedt eclohgiedinahdxdniVag of the dood Begsavent ed from

each other by the fir S  +S. Sec pair 1013- ecei ver
antennas is di éPpEY¥Y 1@%&&@@@3@?&@‘? P%{ﬁg%gflt%lrrecaehvt%re%nr‘ﬁém%fé- 2 and third
transmtter anggapdedlbhecathati@dr Bepfrsadisnder O Mitsopdir Weddnd recemvasi t t er
antenna 1012-2 and third tr nsm'tﬁer ant enna 101@-:? lfy c§econ&j di stance, d.
As shown in Fi ghiernas ialispasedibetyycen fifs transutiet 2ptepnad §Te5TPRd P8t et 1o 20

| ongi t udi Nngly aaSsndiflG antetind 118298 s@aBh® frdndboth fiestphemigaahteant enna can be
tilted by 45 degr ees. The centers of the antennas 1{%‘% be a(Long | ongi t udi nal
axi s 1007. Di stlAR-bandsesend tpnsmitterantenna d042abY 2 9P %Hchdi ng | ocat i ons

on each of the ant epfdSeldiveRaRAnda0EAR3 Bhd fDlﬁchf@&%ﬁEPiir 190% s&hown i n Fi gure
10. Distances s and d are not limted to _specific values, 2 r angenent

5
1005 provi des aeosiverantennes is gltetawith rpspeshigdongiidipal axs 1RLA theight . A

conpensat ed Aol eQB@éHF@%@ﬁPi& gﬁ&ﬁﬁﬁ-@%f@écoﬁ@ At {8-BdfreRakhmié@iasi gnal s to
provide a significantly isolated AoB signal. The neasurenents can be taken

to generatd5a matseparsthdfromreast ofess by theofirpledisiance.on Seepnl pair 4013 hel AoB si gnal .
Generating an 208 EOIRGNIAL RPh:RblRed QYGanRASIRARD 612l 1 do 30 not
require anplitdd& and phase Callbratron Irn the sensors (transmtters and
receivers) of ahirdirgemiiet adk@hs 10 RoBawbwepaatsd fromrbothegerend t@pgmifer can be
generated as

antenna 1012-2 and third transmitter antenna 1012-3 by second distance, d.
As shown in Figure 10A, each antenna can be tilted with respect to

20  longitudinal axis 1007 to the same angle. For example, each antenna can be
tilted by 45 degrees. The centers of the antennas may be along longitudinal axis
1007. Distances s and d can be measured from corresponding locations on each
of the antennas in accordance with arrangement 1005 shown in Figure 10.
Distances s and d are not limited to specific values.

25 Arrangement 1005 provides a structure to make a compensated AoB
measurement. A compensated AoB measurement is directed at relative strengths
of signals to provide a significantly isolated AoB signal. The measurements can
be taken to generate a ratio that provides a compensation ratio for the AoB
signal. Generating an AoB compensation ratio provides measurements that do

30  not require amplitude and phase calibration in the sensors (transmitters and

receivers) of arrangement 1005. AoB compensation ratio, Caop, can be

generated as
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(W +V XV - V) c= TIRlL - V T1R4 - T3R4T3RL T2R2T2R3 AoB fy V TIR2 -
VT1R3- VI3R3+VT3R2) (VI2R1- VT2R4) (21) Figure 10B shows an exanple

enbodi menyoi2oans@egenent 1005 in 5 which subtraction apdTaddenioossss
operations in CAOB cal cul ations can be perfornmed electrically. These

el ectrical operations reduce noise and allow | arger dynam c range in
neasur?nents.dLines denote el ectrical connections where plus is a straight
connection and a minus is a gonnection wth inyert olarity with

to the plus connection. C'Argat(?/flm,_el/;lm_?ﬁ. +,P D2 2_9;,d de eg out 01[ e;ﬁggte
10 with a - connection in tr@#nsmted Lt Krie)Ease Fofr régbm' tters) signals
and in received (in the case of receivers) signals. Figures 11A-B
show exanpl e enbodi ments of an arrangenment of transmitters and receivers of
a too: appl i cabl e fBiguredABsheyes anckxangie gmbedimenidn arrangsmentd (90X 1 A shows an
exanpl e arrangenent 11 of Jtr ) r | | des a
first recei \g/ler Wzglhc esﬁlitffgﬁ(inl%{df ,dgig&gb cetéﬁ{?ﬁsr @E%%gd?&gaﬁ?gi%agmﬁhlﬁ@%eaa third
recei \éer ant ig ?Rcﬁziﬂ:a'ﬂl?'-. Thes eldctrichl qpaiatiorsreduce nejfe andafeyvilargedys#piennas, and a
second pair 1-2.of transmtier an . 1Fl . ' enna 1114-
second recei vergRIERFATY ,f‘lgﬁsd& £ htﬁ:é%@?lg%léfé%trcn%ﬁ&g{ﬁ* 11113?%3 gan ég 5
20confi gur ed astrégigiconrctichladd afmineder vemeativhevithasvered pelariyedi ver ant enna

1114-1 is tilted with respect to a ngi t.udi nal. axi ool .
Second recei verSHfft E‘nth%lp’ﬁi%’pﬁctﬁog' Elﬁ%t“ga +vﬁ°%e°lfl%% pelg? &%%Q)"Jﬁ Oglfrtlaﬁhgl%ﬁ nal axis
1107 of t hqot oQith aaNbnE&EOMth traAERItke (in Setoasend tradduitids) sgrelpad it ed from

first receiver antenna 1114-]f ) .
received (in the case of receivers) signals.

Figures 11A-B show example embodiments of an arrangement of
transmitters and receivers of a tool applicable for compensated AtT
measurement.

15  Figure 11A shows an example arrangement 1105 of transmitters and receivers
that includes a first receiver antenna 1114-1, a second receiver antenna 1114-2, a
third receiver antenna 1114-3, a first pair 1111-1 of transmitter antennas, and a
second pair 1111-2 of transmitter antennas. First receiver antenna 1114-1,
second receiver antennall14-2, and third receiver antenna 1114-3 can be

20  configured as a group 1113 of receiver antennas. First receiver antenna 1114-1
is tilted with respect to a longitudinal axis 1107 of the tool. Second receiver
antenna 1114-2 is tilted with respect to longitudinal axis 1107 of the tool, and
second receiver antenna 1114-2 is separated from first receiver antenna 1114-1
by a first distance, s. Third receiver antenna 1114-3 is tilted with respect to

25  longitudinal axis 1107 of the tool, and third receiver antenna 1114-3 is separated
from second receiver antenna 1114-2 by the first distance, s. Group 113 is
separated from first transmitter pair 1111-1 by a second distance, d.

Each transmitter antenna 1112-1 and 1112-2 of first pair of transmitter
antennas 1111-1 is tilted with respect to longitudinal axis 1107 of the tool.

30  Transmitter antennas 1112-1 and 1112-2 of first pair 1111-1 of transmitter
antennas are separated from each other by the first distance, s. Each transmitter
antenna 1112-3 and 1112-4 of second pair 1111-2 of transmitter antennas is
tilted with respect to longitudinal axis 1107 of the tool. Transmitter antennas

20



by a first distance, s. Third receiver antenna 1114-3 is tilted with
respect to 25l ongitudinal axis 1107 of the tool, and third recei ver antenna
1114- 3 i sweeparrt®ed from second receiver antenna 1114- 2pby/ush@&ofoissess
distance, s. Goup 113 is separated fromfirst transmtter pair 1111-1 by a
second di stance, d. Each transmtter antenna 1112-1 and 1112-2 of first
pair of transmtter antennas 1111-1 is tilted with respect to |ongitudinal
axis 1107 of th¢i49gha 11391 FISEhd haF | ANIENMRslikdmbenAds depddred OF T1Tst
pair 1111-1 of transmtter antennas are separated from each ot her by the
first distance from eaglmothettryshsfiist distancant <frawp 11B1ip sepamird fromsecondsf second
pair 1111-2 of .fransu 1 kiStadde! & 6botid fhir 3 POG trthidrdi@gi t udi nal
axis 1107 of tﬁrgn%ﬁ(}%%pta#ﬁg}g?nb??%?ﬁ%ﬁtenr?ias 20 ;}gihiZ-S and 1112-4 of second
pair 1111-2 of ahteoms i separatedfrominstpair $ 1 Hlebof tranewiter syvgraachy Be fest: by t he
first distance, s. . & 113. ] ated from second transmtter pair
1111-2 by s coﬁ?]m&?’saf‘gﬁ{é%i,mc Ve en?:%% ‘pair 1111-2 of transmtter antennas is
separated from firstApstownid Fipute 1dfA, eachrstentatcen bahltahwidlsrebpectthe fir st

5second, and third t.eceiv nt.ennas. hown i.,n Fi each ant enna
can be tilted a?’lgﬁu‘ﬁlﬁéﬁﬁléﬁE?%"I%’n%f“?ﬁﬂéﬁaforae%?nslpli’ 66‘?9%{%&?%%&5%% angl e. For
exanpl e, each an€BNES @@Pee_b.eTlhei dehreth diyhe/intetliegmeye aldng lagitbding apik t he

antennas may be _al ong Iongl tci,lgl ngl axis dl%O?. Di stadncels iiandn%dgan be
measur ed from doPf-QISBAEAGY GEaf RedpresEr BB FOTTP B I8 AT eNhAS i n
accordance (i t byt #HelaaRERABNAccdiBR e G thuh@ugenient Fi0gus shobvh. in Bigateallces s and d
are not limted to specific val ues. JArrangenment 1105 provides a

structure to ndlgancespindedarapedimied tospseifif ¥alie . A conpensated At T

nmeasurenent i s diregt@focent £103hiokRics h k@RGIE o ke @RPpLEsaicd AFTOVi de a
significantly isolated AtT signal. The neasurenents can 15 be taken to

generate a rat imeasiamenty Aﬂomgnsateéé%@ﬁ%\g&f%ﬁtilséirP“(SedfaéFel‘l‘tWé sgngtsi gnal .
Generating an %E&gﬁﬁ%&%&@&é Dlifilahfly RoREH AP siFRAS TheFRMufentciBlcaklo NOL
e-an

require anplitu ase callbration in the sensors (transmtters and
recei vers) 16f dertakenétngeneratbBOBtio thatPrexides @serpenspriqnaetiofor tharAtT sighdl pe
generated as

Generating an AtT compensation ratio provides measurements that do not
require amplitude and phase calibration in the sensors (transmitters and
receivers) of arrangement 1105. AtT compensation ratio, Cast, can be generated
as

20

C. = (Vrzm — VTIRZ)(VT3R3 — VT4R2)

= (22)
o (VT2R2 - VTIRS)(VT3R2 - VT4R1)

Figure 11B shows an example embodiment in arrangement 1005 in
which subtraction and addition operations in Ca,r calculations can be performed
25  electrically. These electrical operations reduce noise and allow larger dynamic
range in measurements. Lines denote electrical connections where plus is a
straight connection and a minus is a connection with inverted polarity with
respect to the plus connection. That is, a + connection is 180 degree out of phase
with a — connection in transmitted (in the case of transmitters) signals and in
30 received (in the case of receivers) signals.
Tools similar to or identical to those discussed with respect to Figures 1-
11B can be used to obtain measurements to determine formation properties
ahead of the tool in which acquired signals can be optimized with respect to
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20 r = (VT2R1l- VT1IR2)(VT3R3 - VT 4R2) AT tv V T2R2 -VT1R3)(VT3R2 - VT4R1)
(22) Figure 11B shows an exanpl e enbodi nent in arrangenent 1005 in which
subt ract iwo 28ngh23eddi ti on operations in CAtT cal cul ati ongcears2ée/0p63 or ned
25el ectrically. These electrical operations reduce noise and allow | arger
dynam c range in measurenents. Lines denote electrical connections where
plus is a straight connection and a mnus is a connection with inverted

polarity with ERRSHeal 8 13 FooP hrktat BRAGE ShdhGRat cditAbutiohs frdmong RRACT i ON i s

180 degree out Of wth a - connection in transmitted (in the case of
transm tters) silagivalksthanthei 19gigcachs canasled; 3t leapicto @ sraxingym pxtewbgses) signal s.

Tools simlar to pr id ' . | Ik ; Fi gures 1-
11B can be used" Pféc% etngl&ﬁlge(rﬁ\rse%gss%@tel%r{}ﬁ? EChSJ (gﬁeggt'?(gér%%dgﬁgh (;ét%l?? ?@Elh tlhf)opegrgt i es
ahead of the t aol affisedvelative aglrilltécbfsidglmigoperatiorh ehasp of W saoliisihe h r espect

to regions_ahead of the topl.,and. at t 1 . ntributions from
one region Pel éetgf(\?ea%?aéi offﬁlée cg-{l]hbéépdl}hgﬁfngﬁhﬁaggﬁ% nf%é%%:z%\@g%?&gt | east to a

maxi mum ext ent sitasebnand pddit@nsetatiof os the signals ajuaed mghd weasament her and
sensor orientation.  Wth the tool affixed rel.atjve ' It of a
drilling opera }nﬁﬁfheéﬁ%ﬁrﬁéélﬁn%lﬁ%repﬁ%fl Oft proppgatign {rhé%ulgé%laa ngg%h%?&%l e drill
bit. The cancekieahédaitedludiof thesd sighald atein paug b fimetivn afithé mateaald addi ti on

operation on the signals acquired in the measurenmen i nce the acquired
signals are bad¥mag- &Pﬁﬁ%@wp&%%mmﬂ&ﬁ Wﬁ%‘ﬁ‘%iﬁ%hﬁ? WS%S‘slr,egt he ﬂeasur ed
val ues of thesgigailgnahspdpatiésvrPshatéial tACAfR e sighabultibiaelyi rateifedr mat i on.
| nversi on processes provide a nechanismto relate the neasured 10signals to

t he properti esabhe sqnsorpaf e fogl- that affects the si gnhal ultimately received
Subtraction and addition operations that are applied on the signals can be

performed as a post-processing step after obtaining all voltages individually.
This post processing can be conducted according to the relevant expressions

15  shown in equations 1-22 corresponding to the particular tool arrangement used.
Subtraction and addition operations can also be performed by electrically
connecting the sensors and adjusting the direction of current flow accordingly.
For an example, in arrangement 505 of Figure 5 and in arrangement 805 of
Figure 8, subtraction operation Vriri-V12r1, used in the equations corresponding

20  to these arrangements, can be realized by applying the same amount of current in
opposite directions on T1 and T2 simultaneously and measuring the voltage at
R1 at once. This electrical approach eliminates some of the synchronization
problems that may accompany separated measurements. In addition, this
simultaneous activation and measurement process can reduce noise due to

25  mismatch in operation of T1 and T2. Such an electrical process may be crucial
in sensing ahead-of-the-bit anomalies, where noise level is the deciding factor on
depth of detection. This electrical process may also provide enhanced
performance in low frequency operation, where the direct signal (transmitter to
receiver) is expected to be much larger when compared to the signal from target

30 anomalies ahead of the drill bit.

Figure 12 shows an embodiment of an example process flow for
inversion in which an arrangement of sensors is used for isotropic
measurements. At 1232-1 and 1232-2, the ahead-of-bit signal and the at-the-tool
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at the sensors of the tool. Subtraction and addition operations that are
applied on the signals can be perfornmed as a post-processing step after
obt ai ni ngwel2bixvrbd2ages i ndividually. This post processi prgragnoissssenduct ed
according to the rel evant expressions 15 shown in equations 1-22
corresponding to the particular tool arrangenment used. Subtraction and
addi tion operations can also be perforned by electrically connecting the

sensors and ad]sfgﬁél anGeth&edjbf &%ﬁﬁ&l‘ﬂg afe aﬁfﬂ)ﬁﬁﬂ& vElaQ¥¥ RsceRidiwig e For an
exanpl e, in arrangenent 505 Fi gure in arrangenent 805 of Figure 8,

subtracti on op@métmldﬁnﬂmmwzmtooml hﬁvmmcmﬂ@m%meﬁﬁw espondi ng 20
to these arr anggﬂgfs%toﬁ’a cGRBinRfod &3k 1#_&% gﬁﬁprml ¥gnal. IRafAIRaRERUNT Of

current in opposi irections on 2 si nmul t aneously and measuring
the vol tage at nRit efithoineginarfpag 183¢0@mm¢dc<é1th€ab{?ﬁtﬁe@ﬁl sthilgmestafthesome of t he

h |
AT ot 2k QNP AP SR8 or Y. RAAGIDANY REPRLALER SRIIMCPRRALS. T

addi ti on, PSREBUS ac 1 0n neasur errent ocess can reduce
noi se due to Z%enmsumgnatbanmeffmelymseddb pibiducertbie szmat&mbﬁl%tmt}él ectrical

process nmay be cruci al ahe d of i re noise
level is the délgFﬁ\%'n%r ﬂf“é?%lb?n i%ag'gﬂffvﬁr teg%r ?Vc})l%\reqq}glg%deﬁg%%nwgal process
may al so provi %luentfarfsﬁdrcpﬁbcﬂdbisrmmnhlei to sﬁtﬁﬂmtéaﬁn{memmr)/slgmbmtl on, where the

direct signal (transmitter to receive e arger when
conpared to thén‘§T‘ hign I‘rbvﬁfsf‘lé‘rcé’ég %ﬁ’%ﬁf‘?ﬁ?’?é ﬁ?ﬁe ?&mé%a%f)ﬁgylgnal% bi t .
Figure 12 govgaghe t?ﬁ‘@%lmﬁetafzemy @opaiyR] MmdRIesRESanglepdv f or inversion in
whi ch an arrangenenf of 'sensors is used for isotropic neasuyrenents. At

1232-1 and 1232Algmatively,abmty ef praicpmpilediaiponsss canpdsoie et iREFSIOs | gnal are

extracted by subl ragihgy i{uel BRRORE] FhiPa Bl REESI AEROHRIAMb Lh the ool
i npl enented. An at-t havi ng a conpl ex val ue, nostly consists

of a conbi nati da3bl naiude%datamdreﬁlm‘ﬂ’msloéﬁnoﬁ@ﬂ% deﬂthdf?é‘ﬁﬁlevﬁ@ances nost
of the i rragl naéé%}ggi r§16a Ve t Elllssrg og{estﬂgra%'i f%lgf 2%!2%@%6@ elneat most of the

S5real part is efo I'on sign a resu the real part
of the at - 15heheatobl sigxgnalhefearbrm12&‘4?29mt1ud®|d}taumefdrmadoma§i3uuee$ he formation

resistivity directly, ot throu e |ve i hver.sion e where it
is used as an i" %P‘E‘fee{? V3T EeSPYTpe a#’lrbcf\t}% heciqeh sigoal iR s libp‘%ﬁ%&ﬁﬁ%g sinulate a
formation si gnglom adnARCTRLY fHhihedd éMmietit andithe alicablofpetsigoalied vi a

iterative optim zatjon. Signals 10 can be t ararreter ed by depth,
d, and el evati @ﬁcoé‘ﬁb?fiéro“breSIm‘?@F#a‘it? '\‘f@ﬁ"}fl th%l%f’i g&hﬁé“ arﬁreépecf)erqgﬁ)l edy P

responses can glii®mbR ke ifvetsinaésultOthat are less affected by each-other and also

20 less affected by noise. Due to effective cancellation of the direct signal in the

ahead-of-bit signal, a higher depth of detection is expected in the see-ahead
determination. Data from library 1234-2 can be applied to the at-the-tool signal
to perform inversion 1236 generating the formation resistivity, Ry, for the drilling
operation in progress. The currently determined formation resistivity R¢ can be
25  applied to the ahead-of-bit signal along with data from library 1234-1 to perform
inversion 1238 generating the anomaly resistivity R,, depth d, and elevation
angle 0 along with the formation resistivity R; for the drilling operation in
progress.
In various embodiments, an inversion process may be conducted on
30 compensated coefficients as given in equations 21 and 22. Library 1234-2 may
contain data such that Caer can be operated on in an inversion process to provide
the formation resistivity Rg for the drilling operation in progress. Library 1234-1

may contain data such that Caop can be operated on in an inversion process using
23



Li brary 1234-1 can be used with an ahead-of-bit signal, where library
1234-1 includes data on resistivities of anonmalies Ra, depth d, and

el evat i onwengix2826rel ati ve to various responses. LibrapryTAR3d0d4an be
used with an at- 15the-tool signal, where library 1234-2 includes data on
formation resistivities, relative to various responses. Since the
at-the-tool signal is nostly decoupled fromanomaly effects from ahead of
the bit, and t ?frgllﬂ nPdrsiBi bpesitBR3h Ou§ t6l5o0MB iR GnbmaNEREE RYi ty ef fects
around the tool, both signals are expected to yield npre accurate inversion
resul ts that adepthdsmdgleiationadglp abomeiwibtthetormaipnapsitivipRefosthsf f ect ed by
noi se. Due to eff.ective.cancel ion of the direct signal in the

ahead- of - bi t sg f;lllgg?p%ath(}nﬁﬂgﬁ)gl §§pt h of detection is expected in the

see- ahead det er mi naThexmalySiaresulty @mbt storedriy maciiue-Radehle shmageppddivel t o t he
at-the-tool _signal t forminversion 12 n I ryation
resistivity? ,tegi“bt?g‘fvﬁgh&g?qmlof ﬁ&ﬁ%%ael?n t|}1“(3)§I§1|1 %ﬁlﬁg ig)lgc#éé)ggl.e ; ﬁlﬁg@ %SF?ent ly

det er mi ned f or maé hdlysis@Biulis Ean Heytramictaditolibe @ibfapptia e dommubibaionhead- of - bi t
signal along wi,ith _data fromlihrary 1234-1 o perform.inversi.on 1238
generati ng t he TFi6GEPYA GomuPwYqagPy ?‘\éﬁﬁfﬂs’&‘«fﬁ? 158£)£ ﬁge %Fl U6 “%ngl e 0 al ong
with the formigdQRah@Is) B4 b wldmetdRisystan. Ahanstively ihadata pa B ramsmitted pr ogr ess.

I n various enbodi nents, an inversion proce may be Cé)nduct ed. qn 30
conpensat ed co& e syrfase £or gaalyiiy, chhejmpc ﬁ‘é‘?"ﬁ%‘ﬂ%sérfg%ﬂa 15‘?_“‘&}“6}“3?3/ 1234-2
may cont ai fodat;grasieE 3t naind G840 eakphiaie @REicR of thtedPatdd entitied. MMher Si on process
to provide the formation resistivity Rf for the drilling aoperation in
progress. Li br arghinopadablegoragemedivg cemingluds ibrasiqs for @E@%"E‘gﬁatﬁe operated on

in an inversion A QeRIBrares MB4-Rindl1594B b&phAAAIQDr Hatd afitie) CALT to
provi de the anomal'y resistivity Ra, depth d, and el evation angle 0 al ong

with the fornmaShdnmacteseadablestorigemsdivnhean e realizdps 3slistaRutesdmeTensy ogr ess.
The analysis r g..,ﬁ]% i ' ; | Ehshdt f08e Medi um

5i ntegrated w t%isleﬁl[r%iZUﬁ%g?@or g%:@%%%ﬁ‘ﬁg*ﬁ%%g??‘?ﬁstriéﬁg an%l coupled to
the tool. The armtwysalead efth bit candie dotscted andsapprapaatetagtiantran befaker'® via a

communi cation i 0l e ace a0drh %Q%ﬂ'ge%ac% pe TREpa SR Gash AR ARG N the
drilling operatpl on, Tor exanpel e, vfa a elenet ry system Alternatively, the
data can be tr angelgtetattd THeaesnlis framahe arioesaibedingentsThea mabhdalegyr eadabl e

storage nedi um.c include 10l braries 34-1 _an . rate
entities or i nﬁ%é&%gﬁegmqnmegégeﬁ%ﬁr%lc anltncélp f %%g%%‘ﬁgég olr%%acé%&%gdi um can
i ncl ude i br ar iaesid bther wellssa@twetl pramchiat Thatesuly muytte uséduoatebetbe dBiBdg 1 and
1334-3 as separate.entities or integrated entities. Such machi ne-readabl e
storage medPumPBHRA"¥e realized as a distributed nenory system Upon

observing the changeguidtdews atémtoditdny of rexainple pedrassgdlesy fon t he

inversion in which an arrangement of sensors is used for anisotropic
measurements. Here, as can be seen from equations 13-20, TA’ is used to denote
the transmitter sensor associated with transmitter sensor Ty in a pair and the use

25  of ’is made similarly for other sensors. For example, in equation (13), A and
A’ are 1 and 3, respectively, and B and B’ are 2 and 4, respectively. For the
anisotropic situation, horizontal and vertical signals are obtained for both ahead-
of-bit and at-the-tool measurements. In order to obtain the horizontal tool
measurement, the voltage combinations described in equations (13), (15), (17),

30 and (19) can be used. In order to obtain the vertical tool measurement, the
voltage combinations described in equations (14), (16), (18), and (20) can be
used. Anisotropic at-the-tool measurements can be effectively used to obtain

formation horizontal and vertical resistivity, while the anisotropic ahead-of-bit
24



15 pressure ahead of the bit can be detected and appropriate action can be
taken to prevent blow outs. These changes can be nonitored such that
aut onmat i owel2erd®3smay be generated. The results from thepeanisous/ ogssbodi nent s

for a nethodology to detect the environnent ahead of a drill bit can al so
be applied to intercept or avoid other wells or well branches. The results
may be used to steer the drilling 20operation. Figure 13 shows an

embodi ment  of %aﬁff&ﬁ%‘t ¥ QEES cfy! RV fobtai WiSVaBbiPiheldandidiistdhcard aar r angenent
of sensors is used for anisotropi ¢ neasurenments. Here, .as can be seen from

equat i ons 13- 2@ugefahorhaly.Beainyassiorerahs cermied pRAHRIAT (¢ BF OBARIBFIEssOCi at ed
with transmtter seasosTA1bh 2 B35 ARA3SNE diSforBanhlabat omgie Similarly
for other sensors. For exanple, In equati on_(lSz, A and A are 1 and 3,
respectively, aigdalBhameftidil abgad-of-bitisignal, the berizental atethgrtoolwgnal.igad 81si sot r opi ¢
situation, Rorizontal .ar [ ' ; [ 8lc both ahead-
of-bit and &t-t elg%l&t)fh%ﬁe(g\sé%&%lr?gn xﬁ&t?ﬁ?%s?%%&ayﬁ%}ggﬁn%hg hori zontal tool
measur enent , t hppropldtaydtagomisionmtedovith thetwokimptethentede fibzary dakt-1 9@y | (15),
(17), 30 and (19 an.b sed.. I n .order obt ai 4 ol

measur enent , tlﬁgzlvgl"{lg'gfge g%nr?ﬁfltﬁg%nidg ﬁxgl%ﬁleaégardl (%é%l SF%‘E‘EEWU%% %i?\rgﬁj(lf%? (16),
(18), and (20) 1dadiudee dats ea horontbtesisydiitiesRar 4ridevettival resisivities Raeait s can be

effectively used tq obtain fo ti.on horjzontal and vertical .resistivity,
whil e the ani sétoByicd d&ﬂ@é’d@‘lﬁlgqq%’ﬁ‘o%‘&&ﬁﬂ E%WF IR YATOBRIRPEE HRATY used to
obtain el evgt i Q83A0g4ErARMd #ith hRRCEe-tdd] AgladvaRte 1daabLY4-2 Tletudesdets Si on can
be carried out simlar to the isotropic case. At 1332-.1, 1332-2,

01 S . -
1332-3, and 1332farmagiprhorigentalystisvitien &adnd forpptionsyegice ressRBIGH v i cal
ahead-of - bi t sigh@leto ViHoub MshREL AdatProrh NBraky00I349 GRBL appidtd e Sverti cal
at-the-tool signal are extracted, respectively, by subtracting the
appropri ate volhoezmal andsstica eidhedoohsigals to performipyanienl ¥ conqdingr y 1334-1
can be used wity, 8 afbhdiRlicRaGRL RN for B RAng, Wher o
v

AP R,
l'i brary 1334- H?E%’J ée)lsr %gta on Eorlzontal resistivities Rah an ertical

resistivitilés Ragratién iamporpsdss.cThe aepontly dbtermingd bprapatal waishyi Bn @d rel ative to
various responses. .Librar 5 2 . Iobibord sdrfigp t ool signal,
where library % Pﬁn?/er{g? urjesggi%%%ﬁ'%% gpﬁﬁldi%gﬁw\#gr?bzontagtf_vrésllsti vities

Rf h and f or mat iabeadveibiti sighhls nkeg stithdataifes iRirary 13234-4tq pesform invgrsiasus

responses. Dat om|li.brary 1334-2 can | i : ord zontal and
vertical at-th -3% %efnegaflﬁ%&ﬁ%‘of%on&éﬁsg l%tyil)ﬁ{}glgdgwggcqh%%éﬁ\g&%? Ez;aiftaﬁlng t he
hori zont al r esianbmMickydephhi, amrklévatiominighd Meid witlathe hesizosital wiststivilf Ry f or t he
drilling 15 operation_ in progress. The curreptly determ ned horizontal
resi st Vit y2OR HOA RITRGATNEEH e Ray of e Bl g PPSFRR N PERESE appl | ed 1 o
the horizontal and YgLhlals raeaer @E afidiropicGtabierném®@nwelstdreddha from

library 1334-1 to performinversion 1338 generating the horLozo t al
resistivity Ratmaghaeveadsble sipragespdipmyniegrated yigfhefolarderaicf done iept h d, and
el evation angl Fﬂnﬂ.sﬁ*n%%?d %!%}fbdttﬁﬁlenwll FROMlysfs St EaniteXraRinitedP@NARE f Or mat i on
vertical resistivity % r the drilling Operation in progress.

surface via a communication interface and communication mechanism

25  established in the drilling operation, for example, via a telemetry system.
Alternatively, the data can be transmitted to the surface for analysis. The
machine-readable storage medium can include libraries 1334-1 and 1334-2 as
separate entities or integrated entities. The machine-readable storage medium
can include libraries 1234-1, 1234-2, 1334-1, and 1334-2 as separate entities or

30 integrated entities. Such machine-readable storage medium can be realized as a
distributed memory system. Upon observing the changes in the resistivity,
drastic changes in the pressure ahead of the bit can be detected and appropriate

action can be taken to prevent blow-outs. These changes can be monitored such
25



The anal ysis results of the anisotropic measurenents can be stored in

machi ne-readabl e storage nmediumintegrated with the tool or |ocated al ong
the dril lwetawizngs®aed coupled to the tool. The anal ysis rpesusteonasssde
transmtted to the surface via a comunication interface and comuni cati on
mechani sm 25established in the drilling operation, for exanple, via a
telemetry system Alternatively, the data can be transmtted to the surface
for analysis. TR $RY 3R S 1O, BER R HEM AR vakiBgd ude | braries
1334-1 and 133§l-lgaas Jsuecgger at eg'entg?[tli es or irnt egrated entities. The

machi ne- r eadabkmbedimests for gentithadrloanta detdctitie envitopmentabeadrfa dall bito34. o
1334-1, and 1334- 3 as /At bi 4851 Sher 3011k B ST BhfSeNitiet  €5. Such
machi ne-readablcaen%%oﬁ@reéégﬁ)eﬁdetglhﬁ%g{bgh}%g reaelri.zed as a di s'?ri but ed nenory
system Upon olbseltsmagbdused thsaegths driling leperatensii st i vity, drastic changes in
the pressurg ahead pof t it n et PPk Esidet i on can be
taken to prgvent bl W%Htﬁggo“ﬁfge%gmgﬁ%%lgeélgo%gg%ngéﬁnlgﬁpéore suséﬁé: t hat

aut omati ¢ al er ol fopffebveliesrindteadttermimatiorestifbinstibn propetties ahged ofiastodnbodi ment s

for a nmethodol o to detect. the envir ea f i .. can al so
be applied to iog‘%/r%tr‘vfb'p‘ﬁsl’(??edé%i%are ?lﬁ'e&%&’gﬁhgﬁc:?an\?\)ﬁI%Pp]%rrng]%#eugﬁlﬂ{?ﬁe results
may be used t o0 jgh8ahclidevadiond dfitieofestpes af the procéskiflgws disdseslhvatbsrespeeit ur es  of

an enbodi nent of _a net hod 1400 usi.n t ool t ffectivel) timze
det er mi nati on & Figgiesrht #shl prpﬁr}gh’icggroglﬁgéﬁwﬁl?onao(%tag%ql%8‘631?% %ﬁvﬂgﬁoy di sposed
in a borehqpe. WatHQAIILQD TR Roddear BeacERY davisgiahartdngémérnt ofray i ncl ude
various of the features of the grocess flo di?gitf:'sl%ssed | t.h respect to

Fi gures 12 and tragsmiftgrs gudirgoeiyssh [CBPER signp) 53&19p £ 3HYe 98wnhol e in the
10 wel | is conqyetiedlngg 106 of BRkodt aibhat Siohdl chmtiBdioRabg sadondiggigigenent  of
transmtters and receivers to capture a signal froma first region relative
to a | ongitudi melhtivexe thedongithdinglewis as rencelablss based pmplacedenf 91§ i ons from a
second regi on ralali Q6erl QRPEHGE DAaciPsthe:, GhE toReeablliRed based on

pl acenent of tt@hﬁlg%rgﬁ%g&t)rtegrsfang reg%i verajcs.\_/vi th respect to _each other. The
tool can beSr eaking éatuiGisi ngposistad prosessiag dctirdties simileety PridreEedihg activities
simlar to or identi octgil %&s%ﬁ@ﬁs‘ggﬁiﬂp&gﬁe@ﬁo&&cﬁi 6l RFAR SRk th respect to
the Figures heréin an tTRelr assocl at e processing activities. Control of
the acti vati on asfociated ptasedsingantivities! Gdetrel|of drenctietipy ofibpopi ery itledeal s t o
transmtters of the tool. in correlated. j - biMgbo perform
subtraction and%Fc 15?'0‘?3"}3'6?1% e 5483 %%%g%l@?é%t%%ﬂgglp %tgﬁ%lgt%ﬂggléll}ﬁ\c}gti on of the
t ool can i ncl udad pyiptlityitegerfommrsebttaction dndtor dildifier epetationsr{dmirol efitke of t he t ool

si mul taneously such th he current lied to one,. ransmtters
is of the <9me 25WHEHAT Ogth’fjl%o(?f caéldﬁ%'é({%tagglsﬁﬁg&ﬁ%go PV c}lﬁ&t& #e%& 3%‘1\{1\@?}8 of
transmtter. AthdbaQimAkndhisBduc thi the Qirghedpplial wlbhabftheltwahe acqui si tion
can be 25conducted such that contri buti ops fr.9 .direct . y

transmtter - t o-FaBERiigEs s ofithgseme agqyntragd ﬂﬁ?ﬁ%?} edirgpignas MBS ot he tool are
cancel abl e to guhihsbr. extent. At 1430, an atthe-tool signal is obtained.

The acquisition can be conducted such that si %nq.il contributi an from
anonal i es ahead of ®§d430an ahead-ofhitsignal iy Qbtaiped, The acayisiion can pe

25  conducted such that contributions from direct transmitter-to-receiver signals and

formation signals around the tool are cancelable to a first extent. At 1430, an at-

the-tool signal is obtained. The acquisition can be conducted such that signal

contributions from anomalies ahead of the tool are cancelable to a second extent.
At 1440, an inversion operation of the at-the-tool signal is performed.

30  Such an inversion can be conducted to determine a property of the formation
around the tool. Performing an inversion operation of the at-the-tool signal can
include determining formation resistivity from around the tool. At 1440, an
inversion operation of the ahead-of-bit signal is performed using the determined

26



At 1440, an inversion operation of the at-the-tool signal is perforned. 30
Such an inversion can be conducted to determ ne a property of the formation
around t hgot2omdo23d3er f or mi ng an i nversi on operation of tpetats2é10®4368I
signal can include determning formation resistivity fromaround the tool.
At 1440, an inversion operation of the ahead-of-bit signal is perforned
using the determ ned property resulting fromperformng the inversion of
the at-the-too ',gm .ﬁb&g} BedrYeY 1 B0erSiBR oPie GOMEIUSH SignaUSHcH hat
perform ng thehfoﬁ’\:/ rs%u(%trll 0 &?ﬁe e{ﬁlergrdt- of(-abi t_osi gnal generggt es one or nore
f or mati on rel ateihversiopeat hesndivtescudlf thatmsrforming thpdrveesian of gheaheadnyer si on
operation of the, ahead-of -bit si | G gﬁetr@grghghgq,f@{eoperty can

i ncl ude deter moﬁ}nﬁalg?ai ?r%{a:?%/siotnéo%gll%fgﬁ%aﬁgﬁese areqd _Sf the tool.
Performng an tdov.ePesfoaningpe imverstm opératidreofthpeahdad6f-tit signsl usieg thesi ng t he
determ ned property can include L ying . sbiiesisd to an
iterative proc gtgl?l}/l?féﬁfr%eﬁ?' I%nPﬁéﬁ??}%@%@%ﬁ%&%&fﬁ?%ﬁétO.éil si gnal can
i ncl ude obt ai nirGodl0 PeFaniing anridsirsidr ofietagiom nfithe ehead-ofbit sigealasingthey of a

formati on and 10 performng of.t i nyersipn of t a f-bit signal can
i ncl ude obt ai nglﬁtﬁg‘ép"é\}g?l?e&g' °2\?1’d‘1°@g%?'3§’¥33?%? g?ﬁ‘g%rdtm o Iaglnsugﬁgugrr%ﬁ)y%n I'n
various enbodi pemntite pro@ss | Resfofrhiapticlfvepsisrasfahd aphestoluignabeanrimahwlef or mat i on
rel ated properties, ahead of the tool, using a nethod_si r’rg'ilar to or identical
to method 1400 b@minghogeenelresishyinetd VEHATESHEN SH2 FEREIBYAS dril i ng
150peratiofg Syehorhfspdfie indisibeottae shea@ ofrbin kil cartintladd sbitdigingr om ahead of
adrill bit and to correlate resistivity changes to changes in pressure
ahead of the delevatiogjapgle gad dptaRcsdeia #19Mhe ronitoring. Results fromthe

generation of one of, RK& dnHodRldn® ek @tsatRilth hoReitioh 85 o @atbref t he t ool
can be applied to steer a drilling operation. Steering a drilling operation

al l ows for dir domiatign rekiécddronerties pk étof@ﬁt‘?t%%ﬁg%mﬂ@giiﬁléﬁlaF@@ron and away
from unfavorablg r&g 'toorﬂétrlodb‘léﬁ) Ichd B@%e@ RELRES d%fﬂarﬁ_ﬁrinﬁﬁ%e‘iﬁéﬂf)@@jdﬂlﬁngake
measurenments using a tool configurable to be’simlar to or identical to the
tool s as dilScuspedtidnerSarinresults can b¢ wsed & inonitor gasisBuiiniEem ghead of pagil 5
configuration of sensor rays: ] ; Gird BG4 68@: Bgn utilized to
decoupl e si gnal%étagggoocgpgﬁég%ﬁ}vﬁyg?gﬁ%ﬁg?@g 98a é%g of the dr?ll bit from
formation resi it ditdrmired drotrhtbe thioniéwrings Rgsats fromrthe gangeatips ehone®r @8 ent i onal
anal ysi s technique t hese decoupl e | B, I 1 vely used
in inversion alfégfag?%f?@a?‘?ﬁ’doqeﬁ%eﬁ aiéﬁagé)?hlgeggé Fow ﬁpgfr%%d;? Sﬁg%lct é}rﬁg#é det ecti on.
These processi Rgeathe Miring a dtitting opdration alfowh fdr deecting theadrilloapafatigntoat i ons of

sensor arrays can .be realized usin i addi ti,on..and ction
oper at i ons,zsé\/\,hia S‘E?iﬁe%‘é“? W ?@rﬁf“gﬂ‘%avg ay%ﬁggl?nsbfb‘ ée]“?lg%% ?I?%g% H?H%ui ts. Such

i mpl enent at i on sgpPedto ke iieksubdneiitsiaing @nod boEipmblefto bhsimili ®@rassoci at ed

wi th data acquisition and ?an | ead c{o significant increase in the dynam c
range. identical to the tools as discussed herein.

In various embodiments, a special configuration of sensor arrays and

processing algorithms can be utilized to decouple signals associated with

25  anomalies ahead of the drill bit from formation resistivity and the direct signal.
In comparison to conventional analysis techniques, these decoupled signals may
be more effectively used in inversion algorithms and they also may allow larger
depth of detection. These processing schemes in conjunction with the special
configurations of sensor arrays can be realized using simple addition and

30 subtraction operations, which can be implemented as a part of electrical circuits.
Such implementation can allow for elimination of some of the noise associated

with data acquisition and can lead to significant increase in the dynamic range.
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In ani sotropic situations, various tools and correspondi ng inversion

techni ques, as discussed herein, can neasure horizontal and verti cal

f or mat i onwoesimhaist y val ues. As opposed to conventi onalpctrasheowssds f or
maki ng sim | ar measurenments, both of these measurenments can be nade from
collocated 5 sensors, as shown in Figures 4, 8 and 9 for exanple, and such
measurenents are expected to produce nore stable and consistent results,
such as in cal cul atp,ng:the;idiRatns! variois théle afdorBipoating Thersiear i ous tool s
and associ ated processing schenes described herein may achieve earlier and
nmore reliable teahmduesss dcussesi heraiy camestsionaonial and yrtcal fRrmatied b ow out s
than may be Pr QU Re Jaiet ORY SN bodnddil Sols 108 ahdidissihaal s and

associ at ed processing scheme escrl%e erein may also facilitate accurate
and deep eval uakhsorenehts) bofleofthésa measrémuntsetan bpmade frompeplierpid15 shows a test
setup of a tool 1500 w th .res t !@ﬁ\ég; 1263, yer 1501
is a format%onswcfrﬁ als\é\féol S ‘P??%Q‘gegét g:%b(% an ;%F&(?%%ﬂi{égwa hq?sié;%nt al bed
Wi th resistivi typeRbéolRoducd here stabde andrebinsisdnt chepltshstich ad & oatsnloting®ef r om t he
bed boundary asg. shawn.jn _Fi qure .15. Tool i =15 505 of
Figure 5is usalt?w ﬂfg‘eéygﬁ%lbar t‘?ag?\usg%?]légnglnagﬁég%g g(gcggss ,E e|é£1§/e§ti on 0=00,
and a frequencyestatdd Héldin may&chibeptdiliafant herd ©bh4blé wamings iravdidingom i t s | owest

sensor T1. Figure 15 shows ex |l e separations and..opgrating.frequency.
Cther fr equencp%‘”&?&ﬁ“lﬁ‘é“%é‘%%ﬁo&'ﬂ'ﬁ? hap gy E? P%’X‘da‘.ﬁ)g Bt glgﬂolp %lr 20

ar r angenent; g 50 g oG&AMhe 9arktsu€ €bols and assotigled procdssing Sciemesddsordigrdibgrettat a and
inversion results associated with the telilt .Setlll of, Elia(%ure 15, Figures 16
and 17 show anmaplsp fagiliate agcprste ape degnerpirationff %ﬁ@é’é P eH8%ce (phase

(Vrnzi) - phase (VriRe)15th@ts A6 seipbOyR6l 1500 ¥itheetyesitd mrdhyekd\D t ool . 1t
can be seen fromthese figures that 25 anpl.tude, rat i_% @nd hase difference
are affected ndf0lomidyl50R, Layer 1504 iissa foymatipnayithpastivify R2QE A Yehut  al so by

the |ayer bounqsg, aRGabnal nddWinbickistilily lGam bene@clodaradpliais ef fects of
an

formation resistivity anomal i es ahéad of the bit are coupled in
convent i onadb simgasirel e theibed bevadery a ehomingn Higuradd: Tael k0P bayipg | for the

convent i onal prggn%g%e {585 gf"f]g%ﬂe%rls Q{edmﬁl%ZL’%gpaﬁﬁﬁn%@%ﬁ ¥heReMsBRELEr'S are

30 usually perfor %y a muFtiple-Tayer inversion algorithmthat utilizes

nmul tiple | oggi BviIDnIOEs”, ar_xdafreqﬁiel_;nyrfelG_KHshEhasddpﬁeofahmfad]_—l@mebﬁuthand

2 the 00l of gnalis Rsoclaled WD el 8l R Wparlonb bt ity Crve 1841
frequency. Other frequencies can be used and other separation distances for

20  arrangement 505 can be used.

Figures 16-19 show logging data and inversion results associated with
the test setup of Figure 15. Figures 16 and 17 show an amplitude ratio
[V1ir1/VTir2] and phase difference (phase (Vrir1) — phase (Vrir2)) that are
employed in a conventional LWD tool. It can be seen from these figures that

25  amplitude ratio and phase difference are affected not only by the resistivity at the
tool location but also by the layer boundary ahead of the bit. It can be concluded
that effects of formation resistivity and anomalies ahead of the bit are coupled in
conventional signals used in the conventional LWD. As a result, for the
conventional process, calculation of formation and anomaly parameters are

30  usually performed by a multiple-layer inversion algorithm that utilizes multiple
logging points.

Figure 18 shows the ahead-of-bit and at-the-tool signals associated with

the test setup of Figure 15. Curve 1841 shows the real component of the Vaos
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signal and curve 1842 shows the inagi nary conponent of the Vika signal
Curve 1843 shows the real conponent of the Vivi' signal. As it can be seen
i n Fi gur ewd@p12iasv2ahead-of -bit signal is only affected pyrtdseomwnessnce of
the | ayer and decreases exponentially as the tool noves away fromthe
boundary. 5Simlarly, the at-the-tool signal is only affected by the
resistivity value in between the |lowest and highest sensors of the tool and

it is not sensig Xlednﬁ 91%1% P340 RSPOMS iR gidadPcdnipoREd oﬁ{h@ﬂofpsfl%ﬁame bit. An

accurate rreasur msnt 0 ormation resistivity can be made usi ng the
at-the-tool si (ﬁ\we 186 shontsébe retleompeent of theVyr sigppleAs § CpmBe $eﬁ’9/8’r boundary.

For exanpl e, F%E@lé‘%wsalﬂ 3’(‘? of it sighUBs bRIY afth&&ﬁB}Sﬁlé ?feﬁéﬁc@@lttﬁé ngst via a

single | ayer i sidn on e real part of the at-the-tool signal. Even
t hough no shouladédedwdempmumallmsﬂ@t@sﬂmqvewwamf@m@sbwndw not affected by

the pr esenCsOOf 1%11&'1r aE-H]%ttO(%ﬁéﬁr g@ﬁgggfﬁf%l?tﬁe regk{ﬁflt?c\’faﬁl@% decoupl i ng

effect of p sses S own 'in respect to sensor
arr angenent 505eMeetheémwsEaIEldnglastrSalng§m§ thedoad sdit iscntod eengitivertothgyur es 1- 11.

It is noted here 15 t?ﬁnﬁla{yﬁéu % lo?'the Stid] lacgjr];t%%e?ig.h%x?nttgpfo%ﬁﬁﬁnce of

| ayers that ar @ EPEESK e., crossin owest sensor at z=0
feet and hi ghestsissiofig tin tmadeBy heiag t}efat-ﬂheoalexghal even whenfthgjtepkis v@9- 23 show

| oggi ng data and i nv results of a t ayers, which
have different F¥&{% 'S?EP’?JL@%“‘%EP@F??@C’EWIC g%ll'@ws ﬁ?lenvglgld The 20
resistivitypof reaaRitpbbihined Ga b@ﬂl@l’eﬁlayeﬁmsrh@m oh ﬂleEeajpmeef tBOat2Be-tdel gur es 20
and 21 show an anplitude ratio_ | VII R NT1R21 an @H‘@ ﬁfdl flfereE\De (phase

e FSHAE

(VTIRL) - phaseignetyfivey fhopgpgo i’lhgulé?ﬁhegﬁ‘élﬁecflﬂnb?ag tool. It
can be seen frotB@sPthRpRksnct B 1a&&&ﬁdths()ath&adlfftlh@aeﬁu@munujaeomngnd
resistivity values associated with |layers cannot be st ralrg@tforwar dly

obt ai ned wi t howfffeatpfiprpgesses Sbﬂw%ll"g%g‘irﬁs’n]fﬁ YW R Fespest QSERPLIERST A s houl der
ef fects. éﬁB%PBﬁePs%ns%P%g&h&n@m@&h&f with Figadesl1.a1 - fthendteDhersi gnal s of

arrangenment 505 of Figure 15 and its associ ated processing as discussed. In
Fi gure 22, 5t ohatrgwltsaestilt ﬁéactedhmrthﬁm@sancewéwp@ ﬂ@éﬁreé%?m%ﬂ’séoq dentified

in the real part, (%:go%g%%{he t(lj;gf]et ?s%ngo?gf}'@%et ShdRphesPendor af RGEt@Pthe MOT €OVeEr,

| ayer boundari es” Ied as 30 the maxi nuns of the ahead-of-bit
signal having rteal part 2241 and inmaginary part 2242. Fi gure 23 shows

the inverted resist IFVI tééz\ﬂ%ﬁﬁgw'ﬁ%‘rﬁ ed aHX glgoxlr&gl@ofsdltggg&ulg FUBT

i nversion on the at-the-to ven hough no correction is used for
shoul der ef f ectSlager whidhtliapé éfﬂemyeleswtrwtmsswmg toed 16Qkef)Figuresd.sThevi ty of

| ndi vi dual ayers C%gﬁg%ﬁﬁxt{h% e%rsvyls r@wﬁﬁ’?lgﬁﬁﬁ%%h £s 20 aid® decoupling

effect of prlocdSYFY res feSpect to sensor
arrangenent 505shefvaﬁhﬂx@ﬁtuaeﬁaeWﬂlr\&rxgmmphasealsfﬁmmca(wdsemwm)ﬁ gures 1-11.

i i ar or T dorRRESV e (L eBRIYSRing harsnuae hrad ol oy RRSELENEC, T,
Figures 1-14 prigyse@etsiasiqodatiess aigatbohddics aﬁl’hdsﬁtbzliﬂy“arhiues”mmw ement in
conparison wit hw1(t:}?lra]1¥e(:arg E:zin?lgtable sErglth?orwar%ly cﬁ)stapu(l:éda w1?h uba C%%\(?ecrlsuur)r(la z?lgonthm
25  that incorporates the shoulder effects.
Figure 22 shows the ahead-of-bit and at-the-tool signals of arrangement
505 of Figure 15 and its associated processing as discussed. In Figure 22, it can
be seen that individual layers can easily be identified in the real part 2243 of the
at-the-tool signal as flat regions. Moreover, layer boundaries can be identified as
30  the maximums of the ahead-of-bit signal having real part 2241 and imaginary
part 2242,
Figure 23 shows the inverted resistivity values obtained by applying a
single layer inversion on the at-the-tool signal. Even though no correction is

29



Fi gures 24 and 25 show horizontal and vertical at-the-tool and ahead-of- 10
bit signals for a test setup. The test setup is configured for a tool

havi ng seweaenizansaegenent 805 shown in Figure 8 with a semasrowepsssat i on of
32" and a tool dip of 50 operating at 10 KHz with horizontal and verti cal
at-the-tool and aheadof-bit signals as given in equations (13) - (16) for
the tool. A three |ayer logging problemis considered in the test setup

with horizontal, rfgr shbhl Péxfe@i*ectg il ﬁﬁlilﬂlbjlé&eflﬁv&ﬁbﬂﬁils@cﬁ RE8Wiyloh Fi gures 24

and 25. It can e seen fromFigure 24 that the real part 2443 of the
hori zontal at - tlrtdemdlmblaywea@mmted ‘SlﬂhhlghP%P“éaéYlg‘i‘ettP\ﬂ? 4egO4PHBE hor i zont al

resistivity valye,ne océslgla% {]l&g'Llin Fftdsa ot la%lflﬁéépe%f)rsergﬂ%aﬁéerﬁdﬂ? verti cal

at-the-tool neasure y sensitive to the vertical resistivity
val ue near the 505)011oth@@tmoxﬁﬂmmtssasgﬁweévaﬂﬁlﬁms bi b eEusdt 63 B5r esence of

| ayers ahead of tano 291?\.\11% 15-2 tha{: tlhe : O bfd @o&ﬁ%eth&% s’ftﬁiﬂr opﬁEﬁtlcg%l of the

hori zontal ahea magl nary part of the horizontal
ahead- of - bi t sitignadls amdmethaaldlspmsed Qﬁlal&smct torfeglv@rlt-l‘bmpwéhé%?@u@ﬁd bi t

signal, and the,i art 2544 of signal. In
thigs case, al t ABG tbﬂ %f §tﬁ°éllrgeaaorel}?8“gl v @lt@@g%@%?lgégrlrsati gn

simlar to theaﬁdasrs&ﬁaté@pbcemaﬂ:surerrent t hey can be used to effectively

hor i t al d t t t t
he | ayer ahead of Pt snERpEdoSimptate il By aple 5500 10

associ at ed jget hadgnsls frladést Stup. dﬂiattéscﬁtu;h@cmh‘guted%& taslchavieg bander di scussed
herei n provi de decoupl ed, accuy ”gffl C measuretfﬁnt s,in i:orrparl son
O [o)

|
Wi th conventi oRERIgSHERtGH shopmpyn é%% é"l‘ & SEISBTEa R anda 100l e 26 shows

| oggi ng resul t gif & salpeAdnOit10IKHAKEh mmbﬁema@bmsalgnaieaodmd shiehd-er ent dip
angl es using arrangenent 505 of Figure 5. Curv 1 ﬁrgt e rleal art of
VAOB at 0=0. OC®fbit sizsalpas givenia equatipns{d3)x—@p) fi?A rogst 2643 is

the real part %frob\l/&q) B Bhsifr0f thelelt ¥&u@@ﬂﬂfhbr&ohﬁﬁarfd%hlc@l&éilstﬁity VAce at
0=600. Curve 2646 Is the Inmaginary part of VAOB at 0=0. Curve 2647 is the

i magi nary part V@l‘uewBom ingigges 2528480 baseep Fomigitn aF haphf feabf  VAOB at

0=30. CQurve 2649i AROBARL QAL AdasiBRE N DD GnsiBE KANOST 15 the 5
real part of Wi gzﬁ%%&eth% %Jrve 26 |sas he realgggrtn of VAAT at 0=150.

Curve 2653 is tHoezmwlreswmy va‘lue\maﬂthatOODﬂ@de theaea} parp @&H afghervegticabal part of
VALT at 0=60. tl'{e t?(?c;ll’ﬁ?et% SH-RGH Y lﬁ%hl* Eenﬁlﬁo%{%eché\?&pcai FeifivityMe néft that, for

zero dip angle, si gna y Insensitive'to the |ayer ahead
of the bit. Hovtba/tabl fRuth bf tgdrselslgdalparamgﬂ aéﬁcteé byrpresamas pf layars shepdsofgbg er ved,

whi ch poi nt % a 10 degradation in the decoupling effect. This degr adatl on
becones si gﬁ? tant only if the dip is larger than about 30 degrees. As a
result, the tooI s ha\/gur@zsadhbamgemmparsmﬂlwftmlmswnﬂlahead-o;&bﬁ@@@h ng are

SR [ R N N

at-the-tool si gﬂ@ﬁesveﬂtﬁafﬂléadjbff-ﬁlﬁdigﬁl ammean@mypmrwa»fmwgmm 705 of
Figure 7. Curve 2741 is.the real of hV@ | Curve12742 is the
real part of VAberdet-titsignal Cﬁ}ﬁl%}%caﬁ‘?& hough fhese ?lg%ﬂscbod}ottglg? PRY at 0=30.

Curve 2744 455 tifRrh&fh skAildr tdhe ¥ARBL n@as@ﬁbmeﬁ;llthé?céﬁ%usbﬁtd he i magi nary
part of VAOB at 0=0. Curve 2747 is the imagi narytheJIPaof é)(lislsat 0=15.

Curve 2748 is teffsctivelyfesryeyhosipatalond yeigigel ggsisuvity, ngle, and distance
to the layer ahead of the bit. Figures 24 and 25 indicate that tools and associated

methods similar or identical to the tools and methods discussed herein provide
decoupled, accurate anisotropic measurements in comparison with conventional
30 tools and associated procedures.

Figure 26 shows logging results for ahead-of-bit and at-the-tool signals
for different dip angles using arrangement 505 of Figure 5. Curve 2641 is the
real part of Va0 at 6=0°. Curve 2642 is the real part of Vop at 6=15°. Curve
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20 0=30. Curve 2749 is the imaginary part of VAOB at 0=60. Curve 2741 is
the real part of VAIT at 0=0. Curve 2752 is the real part of VAtT at 0=15.
Curve 27580i814ds926eal part of VALT at 0=30. Curve 2754 pc3/ush@ongssbs part of
VAir at 0=60. Simlar to the tool based on arrangenent 505 of Figure 5, the
process associ ated using arrangenent 705 of Figure 7 is effective here as
long as the dip 25 angle is |lower than or equal to 30 degrees. As it

Is seen in Fi g ilh% rea%?ﬁatgig\é oggt 0-30¢ %ﬁgr%ﬁ@fqgmgfreabbéﬁ smagyaenent is free

of direct fieI ects uce hi noi se levels. As a result, the
only criteri oner=m°de:hs;et2r6@6nsmﬁe ismaginalyipes ofiMeadt 6F0°t Bervei2647 is theo have an

anomaly signal level that_ is | ha oi se. | evel exanple, in
Figure 22, a 3@%?%19%%‘1’1\0&??%8? 6 '{W{}Wég ‘Bﬁ%a@l"é‘f?p‘ra&é)fnéf‘?eﬁqy 10 and 25
feet depth of gei@CihAR WiSH (REHlaplar pRATOB90.:1100100. @c 06310s tra 1000

| ayers, respecti vel y. The tools and associ ated processes described herein
may provi de5hi gtakpartiefdd s D=0 tGucte 2662 isthersel parfed f aprab Bt s CHNan

conventi onal nd their_asso £ ur | s.and

associ ated pr oggé%’é ecfgaslé’?ﬁtf?g At tfd“?h qsa‘ﬁv Q%g Svtgefeﬁe‘p" tfﬁﬁmsart det ecti on
and stability @tgdhesaigadedbeférBat fintbe FRATINEPBINED6 tmlfmhzeﬁo dipovi des

i nportant information regarding drastic chanﬂys in the gsure in the

| ayers ahead ofanglheat-Hiettoolsignal ip highlyinsensitivedp fug lavsr i‘}}qui WaPhi ng r egar di ng
any bl owout }%&/ega"}om%ﬁ@qahﬂ@gs @&Hé QRLitiAikFis BBRBWISShi6RPoilke td Aken i n

tinme. This can ort en condi ti ons ‘downhol e can only be
transmttedOto dtgredaslanirafbedmoaplalg@éfpewghﬁﬁegy@@ﬁ?e%meé ﬁgﬁgga“éﬁﬂgl der abl e

del ays. The tog}g, &gq%ﬁ%gpglﬁr?%oﬁf e%{egge§§§§esﬂ?§1gtb&§gaw ein may provide

a mechani smfor an eve prevention of dangerous situations,
such as bl ow oratrsngeasnt:i@ﬁpaﬁledsomateﬂ pmnssmtarmbct@%f@lbg effecdive Beial associ at ed

procedures. The tools d as s |at cribed herein can
decoupl e the dlc?sgﬁfxcﬁﬂgﬁ Sgrwrratr on’ Ee?‘*‘?%‘i%%?‘r%gﬁdfg‘ﬁ% ahead- of -t he-bit signal,
which | eads to 15 bEtgh&r27esha\krmbggmgrreeniltsfforaiaad- ofisit afdertheetbolisigmalsi t and near

the tool. t d t
ang s'? gbl eNEreagﬁfr‘{é%ﬁ‘?ts‘p% 2 %§§$?%%§S£C'ta’é§ r%@ fﬁ%g%%ﬂle{g%e accurate

assessnment of RENHPMELT VL aORES. cirﬂaez‘rmkmeampmsfm@he@:#mr o@&sses
descri bed herein nay provide a nmechani sm for recover ?ﬁdr ocarbons to an

enhanced | evel 2343 @Ghﬁ)faiﬂmﬂrtwﬂ’hw@éﬁv@nt pbWﬁP”fO‘ﬁgl’iIr e8Pt associ at ed
procedur es. %{ gfr?goﬂ rt%f%?pséf@eﬁer&ur\;%7mﬁe a processing
s

unit that decoup mation signals fromthe
ahead- of - t he- bllinaghﬁﬂ@hrt oﬁVAodeS@#IISbe(durheTerlsme1maglnar}spart of¥acmeinner, can be

realized in conbinations_ of har dwar e and s ft war e ns. These
i npl enent at20%on$=ABY Gua 3748 isthosnagiami RiE- "rf 6%%“6"%%‘2%6 ﬁ%’
machi ne- execut 6}?41 %ar't Bﬁ{/,r\t%' 8{‘9:@5! SCur§é"§'r52"i‘s§th@ real part of Vaer at 6=15°. Curve
2753 is the real part of Vaer at 6=30°. Curve 2754 is the real part of Vit at
0=60°. Similar to the tool based on arrangement 505 of Figure 5, the process
associated using arrangement 705 of Figure 7 is effective here as long as the dip
25  angle is lower than or equal to 30 degrees.

As it is seen in Figures 18, 22, 25, 26, and 27, ahead-of-bit measurement
is free of direct field effects that produce higher noise levels. As a result, the
only criterion in detection of anomalies ahead of the bit is to have an anomaly
signal level that is larger than the noise level. As an example, in Figure 22, a

30 noise level at 10 V would produce approximately 10 and 25 feet depth of
detection when moving from 50Q to 10Q and 0.1Q to 100Q layers, respectively.
The tools and associated processes described herein may provide higher depth of
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conput er -r eadabl e medi um havi ng conput er-executabl e instructions, for
operating the systemto control activation of a tool dovvnhole in the well;
t 0o obt ai nwenomneagtsof - bit signal such that contributi ongcinsmidionsss
transmtter-toreceiver signals and formation signals around the tool are
cancelable to a first 30extent; to obtain an at-the-tool signal such that
signal contributions from anonal i es ahead of the tool are cancelable to a
second extent; 410 RGHA &4 r?r&ﬁf&ﬁsgthﬁ{bogpéﬁ@ﬁdl%bl@efndtﬂk@r Aboclah@- t ool si gnal
to determi ne a property 0 e formation around the tool; and to perform an
i nver si on oper atoceshirast t he ahead- of -bit signal using the determ ned
property resulting 'i"l?e%]&gﬁd E&cﬁa‘?&f\?r%ss@g désbﬁbédﬁﬁé?e’hﬂaﬁ@m ové fhe at -t he-t ool
signal such that pertormn e 1 nversion of the ahead-of-bit signal

gener ates one dcpthnf@tdcuomdsmblht:eb%th@dlepd ofbe bit esamrazatsoWhiche t ool . The
instructiong can_incl ude "l‘ﬁééme r nd

5di recting gchPV}dP oh 0 tslflgnat e%r%/s\g?tgh%}gfsé% te gs%rﬁu?tggpect to the
sel ected trans m'y‘elfsaheaﬂ@if thedfite s a'Ebwltmmrvarly)tdhebleM@uilnmgarﬂlagén)an arr angenent

of transm’tter and receivers to ture a si [ f t gi on
relative to a | lﬁ’ﬁ’g‘i"itﬁla]?ﬁadllbea{%dga ‘f &ﬁoémfl eagu%acaflfr?g?aﬁgéﬂ?gldn?esc%ﬁlsterl but i ons

froma second Eﬂglbdlmpbﬂzhﬁ'whmecdrﬂltioheddvmhg]etcuni omig be sxssitigdgo d@ncel abl e based

on placenent of the 10 transmtters,a recei.ver.s 'th clgto each

ot her. Cont r ol PYRGe X HGmEThsySem WB‘CBg?ﬁ Cogi{ﬂergﬁﬁfi%’rﬁye app?ﬁ?sna(f:]1 signals to
transmtteng Ohssbbifteld pRIcesBésalebdribé@hdryin hﬁy@ﬁj’vﬁc&la&ﬁﬁﬂarﬁ'ﬁg fortan datgnesdd pol arity
to performsubtraction and/ qor. addition oper Controlli n&g"ﬁfﬁtl vation

of the tool carfVFIREPIRYENERIA fdanggroug sipuatiens; g ﬁBWTquE?r HfomPpy tters of

the tool 15 si pylfeRANGRAIRLY aftdbir hiiddiatbdpro6edufegnt applied to one of the two
transmtters is of a same anount and of opposite dlrené{e&%]ﬁfs in the other

transmitter. Thbe foplsend asspiried Rragesise deseabsg: herpig? B ler, or
processor, t0 ROAYR4 fohRatidh §fs%mocﬁ@£1§35& enthebittsiaRvhichgcatioQl Si gnal to
determ ne formation resistivi fromaround the tool. The instructions can
be execut ed5by batter gmaluatioh of fom&tl@@almﬁéeﬁt@gbﬁ and peapthedepd MeEEOVéver si on
operation of t Q? hqg(figgl%cﬂfss&liatte Qs Leta rflEhRe ﬁb@qeﬁﬁ@ﬂ@ﬁ& y to
determ ne resistiv rom ano es a eac the tool. The instructions
can be execut edf amscmppyyAaafe@ulv\alcdlhﬁhdmlasgsﬂn}e@t‘?faﬂodt@ﬁwomseﬂ&l?l ve process
to performanln |ono I ng the
determ ned pro & % S(S’ﬁ%al%n gorcgi‘ on&g?&bgﬁh&%%&tr? ﬁ[a@}egﬁgmfl@he

25i nstructions rédbﬁerpefhyﬂrasnaﬁ@ns fo@nienhancesi lovel af caniparedtwithaonvengpnadi gnal can
i ncl ude

20  tools and their associated procedures.

Various components of a measurement tool and a processing unit that
decouples the direct and formation signals from the ahead-of-the-bit signal, as
described herein or in a similar manner, can be realized in combinations of
hardware and software implementations. These implementations may include a

25  machine-readable medium having machine-executable instructions, such as a
computer-readable medium having computer-executable instructions, for
operating the system to control activation of a tool downhole in the well; to
obtain an ahead-of-bit signal such that contributions from direct transmitter-to-
receiver signals and formation signals around the tool are cancelable to a first

30 extent; to obtain an at-the-tool signal such that signal contributions from
anomalies ahead of the tool are cancelable to a second extent; to perform an
inversion operation of the at-the-tool signal to determine a property of the
formation around the tool; and to perform an inversion operation of the ahead-
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obtai ning horizontal resistivity and vertical resistivity of a formation.
The instructions for performng the inversion of the ahead-of-bit signal
can i ncl uste 20fm@sorsng el evation angl e and di stance to amrcansnwbpsseihe

instructions can include nonitoring resistivity fromahead of a drill 30
bit and correlating resistivity changes, determ ned fromthe nonitoring, to
determ ne changes in pressure ahead of the drill bit. The instructions can

i ncl ude commangds,t Qe G6he the AbtethibtOprOREE s Ridg ifidnd 86 parfsimidgfarpl ying
results fromthe generation of the one of nore fornmation rel ated properties

ahead of the t dukrsionies thejatrdhertoelsisaplsuehihatipseiprriag e apsisie A™er i 1 11 ng
operation to R | A%y 3R fhRRltion related FroPefies ABaddgi ct's a
bl ock di agramngﬁe%flérxgtgﬁgfégﬂ??ﬁezﬁysz%oa%%ent. odflogr%§/gt]gm928100 i ncluding a
sensor tool 286 thalyiTheinatucsionseay diude sdécting andaptivetinggragsmiffersgétei vers in
whi ch neasurengnt signals. ' etodhd &fdcteand
formation s?gﬁF%cng%nc uéS?n g%’ga%ﬁ%%&? %ggkggﬁglg% egg?gﬁ‘sﬁ%hg{ bit signal. The
arrangenent s ofrafishétanictitatads Thedontetied tpel@n bivezmrgengemsot 02805 can be

realized in simlar. or identical nner.to Aarr i sed herein.
Syst em 2800 caff*&EHeT? ﬁ‘qu'iﬁﬁeéveésat&?%rglalsgrnglz ﬁg%gs?%%ﬁf}%%ggﬁ an 10

el ectroni ¢ appasngitiding 8KiS of tha thoh swwh et sigead t orgritsutions froB866con@mgianol | er 2862,
menory 2864, and co ni.catiang unit 286 n _be arran oper at e sensor
t ool 2805 to dé%%‘}"ﬁit‘h e Jongy 1P‘ic1@§158’feCf‘ﬁ"&g}’%g’?%eﬁ"&ﬁea&am glﬁ%gg%sor t ool 2805.
W th sensorot 0@hns8A&rs ahd dedeacbré Witk redpdct fo eadlrdthg. cl ose to or at the drill
bit, the regi on ahead of_ sensor, togl 2%25 i.s t(%]e r]e%l on a@gad of the drill
bit. Controller 2869ontalingacHyariongpthe toghcandpelideappivinegtalsl? ;s 2868 can be
realized to i NghiGGH&9 0t the kooRElkétMerlly Mcdfeldiddanapitides andipdlainas and
selection of receiver antennas in _sensor tool 2805 and.to maptgge processi ng

schemes in accordercabipation paderaddiion PPeRUoes dLPER lingactyaJAn Pl ¥ ocessi ng as
descri bed her eigfl cLONHHAL SRR Erkiib (PS@FeANnbsinArdasdiol e

communi cations in a drilli'ng operation. Such 20 downhol e commni cations can
i ncl ude a tlél esnulpneopsly gwgh that the cugpuiapplied g oncafthewodranspittegds of 2hys 2863,
where bus 2863 | &%@ 51 irGRBH Bl ehd SiklerMARInENE conponent s of
syst em 2800. Bg%ﬁ%é&%ﬁ@gﬁdl n F){)Jsgg gn addr ess buesr, a data bus, and a control
bus, each i ndependeiih¢ instruntibingpan dd exaBuisd bRs gondrpHer PLRIO¢ESOIAS MFB#ECconduct i ve
lines for providi.ng one 25 .0r re. of s Jalfne BimARALLRivity he use of
whi ch can be ré}glgeulf‘arsel %@/é%%ﬁtogg’leﬁte{r%i(goggl.gﬁﬁzosdgzle 63 ecan be cosnf ?Ilgfjred such
that the conporfent sonfd thy sbk RSMGructions dinsterexbanteddby awotoltin.r i but i on can
be arranged bet ween downhol e conponents n ransm.t: : receivers
of sensor tdol p%ﬁ?%%ﬂm%%éhﬁéﬁ@?l?nhoﬁ raggﬁo%ggﬁéesagggg*&&gﬁat% ﬁlggglﬁrface.

Al ternatively, dehemaedpopatit demuiasrekistivity-ftoncatosthlisiaheadef thatoolhe or nore

collars of a dr‘llhle lins?r'{lgtiorrll cglrbeoer)}ecaﬁte 0 g}')p'l}p 5 fo%verlr %ol’cll%fes'ubjected to an

iterative process to perform an inversion operation of the ahead-of-bit signal
using the determined property from inversion of the at-the-tool signal. The
25  instructions for performing the inversion of the at-the-tool signal can include
obtaining horizontal resistivity and vertical resistivity of a formation. The
instructions for performing the inversion of the ahead-of-bit signal can include
obtaining elevation angle and distance to an anomaly.
The instructions can include monitoring resistivity from ahead of a drill
30  bit and correlating resistivity changes, determined from the monitoring, to
determine changes in pressure ahead of the drill bit. The instructions can include
commands to steer a drilling operation in response to applying results from the
generation of the one or more formation related properties ahead of the tool. The

33



In various enbodi nents, peripheral devices 2867 can include displays,
addi tional storage nenory, and/or other control devices that nmay operate in
conj unct iwo 2iddzeent rol | er 2862 and/ or nenory 2864. | npam/snnodisvent ,
controller 2862 is a processor. Peripheral devices 2867 can be arranged
with a display can be used with instructions stored in nmenory 2864 to

i npl ement a user interface to nmanage the operation of sensor tool 2805
and/ or - CoMpONefj il ShihditicbopiralaldblmL b6 AR hakSueindorites | nt erf ace
can be operated I n conjunction wth commini cations unit 2866 and bus 2863.
Vari ous conponasingthefioadyst em 2800 can be integrated with sensor tool 2805
such that processing g%tdegiﬂs alttPocRdjaptafl dBEatiiBs S8 RILBGIARA 4FQ SChenes

di scussed with respe to various e éll ments herein can be perforned
downhol e i n t heyskinc23{l0tipcloding imeens@y toad 28 keavingtan arrangement i HanPYTepj ct s an
enbodi ment qf a %%%ti%nrs oM R eBufllehd 4 ls?!n{ fe aciELEsusly b d2QP 1 ncl udes
a sensor todl 28 aving an arrangenent of transmtters and receivers in
whi ch measur emand fosmgtival signalratbee decoupiledditbns the laheald atf-thekit gigrabcTheand
formati on signals can be.decoupl ed from.th - i.i.1:15:5i gnal to
det er ni ne pr opéF?ﬁ‘gggleﬁtﬁgggargW%Peﬁseang o efvf}ﬁﬁ?%e%gﬁg??lggqg %hr?:at}ea{%arl%%iglgrrent s of
transm tters arfnilag6eidviical minnseoaanngeoehts ABOGsawldrrdie real i zed in simlar

or identical manner to a ngenent s. di scussed ein. Se ool 2905 can
be realized as systé)ﬁt%égﬁ) ‘%9?@8?1‘1‘: 6¢ %W%%{cél%u emgm%r?'ir&l%%’r?é rig 2902

| ocated at 13 s@ikash: 2Pahnri2868, 204 LémBbhlcatianclurit 2866i Gontedlled2862) pi pes,
that is, drill stri ng 908, connect.ed togg%{er S0 _as %{g forma %rri l'1ing
string that is MeREEY &304 mdsogrmuGations it 8en @nbe aranest & 9ol ©B¥F e or

bor ehol e 2912. (J41686K foldelchfink pbpe#ieLofGRd repion Whed@ of suppa@tdol 2605. dWith| string
2908. The drill string 2908 can operate to penetrate rotary table 2907 for
drilling a bor ehespetopD2895 affixed e drilbdting dess 19 Brr‘}‘rémdést‘tzg'ﬁ‘?gl%e drill
string 25 2908 aﬁ@dadf'g&is&%oldzfsbk ls tRd REioR WBd 3N ke aril it CBhbGIle28825eNDl y 2920
| ocated at the lower portion of the drill pipe 2918. _ The bottom hol e
assembly 2920 ommdmé%ﬂdendﬁl?qtﬂoméépwaé?tuszzﬁg canshefegfized BpclpReentdng 4 dri | |
bit 2926. In varj. dodi I nhiGh4siBo@ sensor

| ocated as cl ogigﬁ%g%%g?gl g%?%&ﬁﬁ}ﬁ%ﬂe&%fg&gﬁgpﬁ% Il bit 2926 can 30
operate to creabd 280 haoriaholapageProelpingsehames it doggrdancs vErmeEWePIB4 and
subsurface formations 2914. . 2 L for an

i npl ement ati on plr%ceﬁ 1&° %n(% rsé%lgﬁspgg%g gl?%eef&gg%q%é%ﬁﬁé%&iﬁg Eglztas a LW
system Sensor 2866tanZ8dibdecduwnbelecemmunieaions ina drilling erieragion.obtdi ni ng

el ectronics, to actjvate a transmt.ti,ng s o0 collect responses at
sel ected redei \H%W&L%IEH%?’EI.HC f@ﬁcaéﬂllécé?&r%oaﬁ?lgégﬁéﬁggﬁél ude a processing unit
to anal ysis signal s Sgath@80®chnlysosmihsiera e 28632 90&re dnsi2§68 pravidtes pr ocessed
results to the surface qQver.a standard co ni cat i ' or
operating a melq?‘?cn}fﬂaf‘ié’i“ %V%?'ﬁ}?ngetggﬁ?r?%oﬁ%goésg%e %lrg(r)l@‘la% e g§g%)m‘runi cations
interface to prigMidensidgna tussehseshspndaeomeol bugeichdfdpetdentihe sur f ace over
a standard comunicati on nechani smfor operati.n

. a.wel wh th d
signal s can be C@ﬁﬁw%c&gtzsg SOSE mgongwtu%tv%g\lll%}]ﬁgggg{n% ond' €€ Sense

25  or more of address, data, or control, the use of which can be regulated by

2

controller 2862. Bus 2863 can be configured such that the components of

system 2800 are distributed. Such distribution can be arranged between

downhole components such as transmitters and receivers of sensor tool 2805 and

components that can be disposed on the surface. Alternatively, the components
30  can be co-located such as on one or more collars of a drill string or on a wireline

structure.

In various embodiments, peripheral devices 2867 can include displays,
additional storage memory, and/or other control devices that may operate in
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In various enbodi nents, sensor tool 2905 may be included in a tool body 10
2970 coupled to a | ogging cable 2974 such as, for exanple, for wreline
appl i cat iwo012le8d26body 2970 contai ni ng sensor tool 290pctas20100ki66e

el ectronics to activate a transmtting sensor of sensor tool 2905 and
col |l ect responses from sel ected receiving sensors of sensor tool 2905. Such
el ectronics can include a processing unit to analysis signals collected by

sensor tool 29Qg; &xﬁh@ﬂ%ﬂ%&iﬁo@i@r WO GRTSEHehESURES Than biBodimEdtace over a
standard communi cation mechani sm for operating in a well. Aternatively,

el ectroni cs casontredleti2R62 és ryaerssorc Rerinberal davices 2300 an be HFBrHEIR P gnal s
mechani am f or - QN 1 R B e
anal yzed at a pntcnfwsm mgweﬂthte operatisreofsensbrioel 2895 andierFioRgo e 2974 may be
realized as_.a mu 0 pes)., a

nono- cabl e (Sa ?Sﬁﬁuéeﬂcd&n %'%{e%z%ogng‘%ﬁlra%g f lg%?é%ﬁgé 6%%t%:dolnduct ors for
power or com‘rurcbﬁ;amdtiom 9/ith ccmnmmloaronapqnt b&ﬁﬁlaad bussl%@uct»’em@mfcgmpmtsl n bore

hol e 2912. Duri n be rotated
by the 25rotar f??yégﬁ“biéféﬁ% Qﬁplﬁtre | t“l’lglnse?s ; lﬁ§0|5t§ Iécgﬂntg%p\?/ozc?%} I&ahe bott om
hol e assenbly 2&afcdt &orahmsitar ltlﬁthé ptoaesenhglsghemem@mse@evlgxrgspactrmd mot or) that

is | ocated downhql e. dr| col I an b vvel ght to
the drill bit 2’912‘81“‘?% e er(‘?B’i‘iaﬁ % aﬁn |mefn?ﬂ'atf K& bottom hol e
assenbly 2930 tasrtmmitt he bottom hoI e assenbly 2920 to transfer the added

weight to the drill bit 2926, and in_turn as t the . drill bit 2926 in
penetrating the surF&e@2?9@@%&86@&6@&%%&%%2@&%& 5Yipg site, Duri ng

drilling oper atyRRSsystBmPI00 RRiBesa%3Rs0e &1 PI0Fhating hi arlfeglgéﬂqentdf(sorretl nmes
known by those of Skl Il in the art as "drilling fromeg1 m,&? pit 2934
through a hose t2oswittersapd xepeivers jo whigh WSE@%HM 6 b ggapired sy bi t

2926. The dril lthzﬂﬂlefdn'ééth& ?d}mfaﬁ&i"élﬁﬁts chh 88UdBEpIEH frdrh tHel dheatlOcttihebil be
returned to the surface 2904 through an annul ar area 2940 between the drill

pi pe 2918 dAd tsiemalksp determine priapertiesabipast of theodrplingiaperatipn.| ThepgrapgemedSnay t hen

be returned to of tBRbP1o8HIS Lhitillekifed i ity | n sorre

enbodi nment s, tﬁ)tefli]rgnJIW ?rgg'{d%rf 9% e Ssed to cooIe tﬁe drill bit 2926, as

wel | as to provdehticdl manhaae amangéoents discudsed hereis Sepp®OHRRASTgn B i | 1 ng

operations. Additionall drilling fluid may be used to renove

subsurface forrfﬁ%tlﬁzg&sﬁ{tﬁm @I ngs created by operating the drill bit 2926.
System 2900 can include a drilling rig 2902 located at a surface 2904 of a

20  well 2906 and a string of drill pipes, that is, drill string 2908, connected together
s0 as to form a drilling string that is lowered through a rotary table 2907 into a
wellbore or borehole 2912. The drilling rig 2902 can provide support for drill
string 2908. The drill string 2908 can operate to penetrate rotary table 2907 for
drilling a borehole 2912 through subsurface formations 2914. The drill string

25 2908 can include drill pipe 2918 and a bottom hole assembly 2920 located at the
lower portion of the drill pipe 2918.

The bottom hole assembly 2920 can include drill collar 2915, sensor tool
2905, and a drill bit 2926. In various embodiments, sensor tool 2905 can include
a sensor located as close as possible to drill bit 2926. The drill bit 2926 can

30  operate to create a borehole 2912 by penetrating the surface 2904 and subsurface
formations 2914. Sensor tool 2905 can be structured for an implementation in
the borehole of a well as a MWD system such as a LWD system. Sensor tool
2905 can be realized with a housing containing electronics to activate a
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10Al t hough specific enbodi nents have been illustrated and descri bed herein,
it wll be appreciated by those of ordinary skill in the art that any

arr angemend 2bran3d2é cal cul ated to achi eve the sane pur pese/usay10ese33
substituted for the specific enbodi nents shown. Various enbodi nents use
pernut ati ons and/ or conbi nati ons of enbodi nents described herein. It is to
be understood 15t hat the above description is intended to be illustrative,

and not restri GhLh¥RiidRGukdild b Bl eqRaNs A0k IRTd r@EVingatRok. St oyed
herein is for the purpose of description. Conbinations ofgéhe above

enbodi ment's anclestrbries caninsiidge prosesHnglung o apisis stenals soleRigd 8Y 85¥ki 11 in the
art upon st udying )b8e,RHRNEd mé&%ée@trésﬁﬁlsto thel kY HBAL sthilafd ai med i s: 1.
An apparatus to measure ‘signals indicative ofaﬁro perti es downhole, the 5
appar at us conprcosinngication mechanisrp fir Omlf\?iniiﬁga well ot Herrri ARy nglecdonics sfs i t t er s
and recei vers ol Spibidh BendiOQhsdadyGaRbitioss When the
tool is di spose%cql?fﬁvma% ,lic%{f%isgﬁg IFn ¥ |r§1§t Oan g | e region in the
vicinity of theodulthe sufabe oveat stsncgmmormomwambmmedmwmrfemr&raé@éénd downhol e
region in the vi of . th t LlYitGageel ed based on
pl acenent of thvéqfr?vé %r%‘ets? sePgedas lrsg%{;ll)e\?aglf%gmatp?dgé%% tu 1to each ot her.

2. The appar at uarfade. cl aim 1, wherein the first region is one of around the

tool or ahead of th t ool th seco t t he

ot her of 15ahead of ﬁaémf%%’f‘ Ogir‘ %{E%ﬁ?‘?&% Zt‘3 aybgincqlﬁg&)%(éﬁgc}@txs of claim
1 or 2, wheyeei mgvmeomddaagﬁfg‘gmgcﬁﬁlemmmis:ﬁrmxaanrp]e fecerelipes i s structured
to capture a signal from anomal.i ahead of the such .t hat
contributions fatPB]rﬁaHP’PSeértoo{]t?oggghfoﬁoé‘Famﬂ%g EBRE R ?80% c&ﬂéﬁcgudgnd f ormation

20si gnal s ar oungectbfics @Qktivabdh Rshithsd Ador of seyisaz asut 2H05hnd céllecThe appar at us

of claim 3, wherein the arrangenent of tragsm tter ? @522% ﬁCEI vers includes:
a first transmitegnepses fpmsslegted regeiving senison QB PR tool 2P Perr P enna

tilted 25 W th HLESREME alpfockRMghBN e dndfisRalgnaX bslledted bl gerk&xabolanols a recei ver
antenna tilted wth respect to the |ongitudinal axis of the ool such that

t he transnitX erandpravideprenseped Frsulisde éhe\ﬁéﬁacérﬂ"éﬁ”ﬁﬁa"é?fé coEpWRSR by a first

di stance; and mechanism for operating in a well. Alternatively, electronics can include a

communications interface to provide signals collected by sensor tool 2905 to the
surface over a standard communication mechanism for operating in a well,
where these collected signals are analyzed at a processing unit at the surface.

20 Logging cable 2974 may be realized as a wireline (multiple power and
communication lines), a mono-cable (a single conductor), and/or a slick-line (no
conductors for power or communications), or other appropriate structure for use
in bore hole 2912.

During drilling operations, the drill string 2908 can be rotated by the

25  rotary table 2907. In addition to, or alternatively, the bottom hole assembly
2920 can also be rotated by a motor (e.g., a mud motor) that is located downhole.
The drill collars 2915 can be used to add weight to the drill bit 2926. The drill
collars 2915 also can stiffen the bottom hole assembly 2920 to allow the bottom
hole assembly 2920 to transfer the added weight to the drill bit 2926, and in turn,

30  assist the drill bit 2926 in penetrating the surface 2904 and subsurface
formations 2914.

During drilling operations, 2 mud pump 2932 can pump drilling fluid
(sometimes known by those of skill in the art as “drilling mud”) from a mud pit
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a second transmitter / receiver pair arranged as a transmtter antenna
tilted wwth respect to the longitudinal axis of the tool and a receiver
ant enna twbterth/3692¢i t h respect to the | ongitudinal axispofi/usbeotesshs such
that the transmtter antenna and the receiver antenna are separated by a
second di stance, the second distance equal to the first distance. WO
2012/ 023926 PCT20522B8RER 4 h6s3 2956 fﬁhethap@lap@é 0981 8odnd dowin 1o fhedrill Bi,t 20%terei n the

arrangenent of ers nd receive (S ur ed s t hat si gnal
contri butions #‘%ﬁﬁ‘i‘ﬁ%hﬁd"é% am ey \{’F il bbt(}lﬁ%ﬁl?#boeer %‘H‘S at}i‘?l ally
canceled. 5 6. Iﬁ}@acaamrtaioughﬁﬂa@hm méz%ofrbeﬁweﬂtﬁem@uqﬁﬁeameme of
transmtters and receivers_inclu 3 irst trans receiver

pair arranged &desofithehpashole?dl2 aﬁ?“e‘ﬁﬂﬁn& flyi EHY\}HGPWGF%Y%& ﬁ%m‘(“?'le

| ongi t udi nak axit99%4 whbR sh@Phui@RdilRrede BLIoHRS endfdiRibnes, the ldfiBElg Wuidh respect to
the |l ongitudinal axis of the tool such that the transmtter antenna is 10

separ at ed fr oncan heaised trroel the galkbis 206, avelk asitp groviis lubgigatipndfpr e gj st ance
and the recei vy %R%@f@&lﬂ dﬁﬁﬂ@%ﬁ&%’oﬁsr AukibRa1kehe AR fefdass teect i on of
the tool by a second dista and a second transmtter / receiver pair
arranged as a usedrs mmqversulasnmfmwf%manm 2 4epttingy eepsedthy ensrating thedali t udi nal
axis of the togl a receiver antenna tilted 15 with respect to the

| ongi tudi nal axi s of the tool such that the transmitter antenna is
separated floom t he Abhepbrpeiftradodiswotsiheve tskn illstratedbindsipsasibedhi rd di st ance
and the receiv 1S..S [ I on of the tool
by a fourth di gl?rglrlfclé e’?ﬁ glpsp‘?em equg']tﬁ& Ofgljdﬁl ﬁ&%glelglon d@%&% ces equals the
sum of the thi laﬂaragadleﬁnhmhdmathulat@dnae@uevame sime]itmpoapparlwtsubstmftecbl aiml or
2, wherein the ar of tra (RLs, and rece i uctured to
capt ure a si gng‘? R‘?J‘L?lﬁlgs 3'In su'é'ﬂus SHripedin n'&sru%% rﬁngPﬁEr’%S| stivity
signal can be Shtb&tcﬁ)ﬁ{bluﬁhblys ddembodilments H¢soribed he&nrt.lICB;Ito besndststopidt y si gnal .
25

15  that the above description is intended to be illustrative, and not restrictive, and
that the phraseology or terminology employed herein is for the purpose of
description. Combinations of the above embodiments and other embodiments

will be apparent to those of skill in the art upon studying the above description.
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8. The apparatus of claim 7, wherein the arrangenent of transmtters and
receivers includes: a pair of transmtter antennas, each transmtter

ant enna twbteth/ossd2e respect to the |ongitudinal axis of pchast@olossush t hat
center points of the transmtter 30 antennas are coll ocated, one
transmtter antenna of the pair of transmtter antennas having a sanme tilt
el evati on angle and opposite tilt azimuth angle as the other transmtter
antenna of the pair; and a pa{; f‘% recei ver antennas, each receiver
antenna tilted with respect to the lo 5 dinal axis of the tool such that
center points ofhdthixeldime@isver antennas are col | ocated, one receiver antenna
of the pair of receiver antennas having a sane tilt el evation angle and
opposite tilt azimuth angle as the other receiver 5antenna of the pair. 9.
The apparatus qf cl ainfpgarftis 3. meskiRé Siipihld indicative N gRPELits ddwrhola)er tters and
receivers is structured to capture a signal from anomalies ahead of the

t ool such tHat 2ERATPS SURATSAE from di rect transnitter-to-receiver signals

and formation 10 Si gR RavigiithabdihehO raB@iitibie anaREdins ishg y cancel ed and
structured such that signal contributions fromanomalies ahead of the tool

can be subst antougithginglaiisef &g tool tarapturrs Whgh & ol & dporderiple-gher ei n t he
arrangenent of s L 58k Sovielc kesi6F B HEViSinit6f MEEL, such that smli rst
transmtter / receiver pair arranged as a transmtter antenna tilted with
respect to the chetributions fromia sasand downhceregionlin tagicniyof devedl caibenna til ted
Wi th r especc}b t%uﬁs&%tiglgn&héel@l' Hadld & la%el‘?lrentto?ﬁlegﬁ:gémiﬁ% bnd E@éiyér@@itfir ansmtter
antenna and the recelver antenna are separated by a separation distance;
and 20a second r¢spesisoach ethey. recei ver pair arranged as a transmitter
antenna tilted with respect to the longitudinal axis of the tool and a
receiver antenna tilted with respect to the longitudinal axis of the tool
such that the transfth¢ apparaanstofclamn frwhetdigethe dicst iragim ispmesofasouad thesepar at ed by
t he separation distanc h ir transmitter [ receiver pail. separated
fromthe secon&ootll"égl?ﬁ‘? P’E%? %f’{’ F"é‘it F\S/eecfm‘iﬁelglronﬁsy réspectively, the othét'of

15 ahead of the tool or around the tool.

3. The apparatus of claim 1 or 2, wherein the arrangement of transmitters
and receivers is structured to capture a signal from anomalies ahead of the tool
such that contributions from direct transmitter-to-receiver signals and formation

20  signals around the tool can be substantially canceled.

4. The apparatus of claim 3, wherein the arrangement of transmitters and
receivers includes:
a first transmitter / receiver pair arranged as a transmitter antenna tilted
25  with respect to the longitudinal axis of the tool and a receiver antenna tilted with
respect to the longitudinal axis of the tool such that the transmitter antenna and
the receiver antenna are separated by a first distance; and
a second transmitter / receiver pair arranged as a transmitter antenna
tilted with respect to the longitudinal axis of the tool and a receiver antenna tilted
30  with respect to the longitudinal axis of the tool such that the transmitter antenna
and the receiver antenna are separated by a second distance, the second distance

equal to the first distance.
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25t he separation distance. 11. The apparatus of claim9, wherein the
arrangenent of transmtters and receivers includes: a transmtter /

transm t two 200236 anged as a first transmtter antennac3si@paisted from
a second transmitter antenna by a first distance, both transmtter antennas
tilted wth respect to the longitudinal axis of the tool; a receiver
/| receiver pair arranged as a first receiver antenna separated froma
tS_elcong r e_ceihvers. ant ena@pbﬁﬁutslmcraim sgr 1ivgieRicihe atbdighmemof traesmitemt ennas

ilted wth respect, to.the |longitudinal axis of the tool,.th ransmtter
/ transnmitter ﬁ%‘?’?ec%,‘@?féfsaffré‘éf“‘i‘eag‘fﬁﬁ’tt]i‘f’é sigpal &pRyEputionp R, a\’?%‘?“élbeéf‘ﬁeagy a second

di stance. 12. ThedRpecat bissuBtartiaBy tanBeleddher ei n t he arrangenent of
transmtters and 5receivers includes: afirst transmtter /

transmtter pair arranged as a first transmtter antenna separated froma
second trangni gt er @Rt SRARKRYNS Blafn 5 SthefbiSthe B ShpeRehib I ihdnEirt ker ant ennas
tilted with respect to the |ongi tudinal axis of the tool; a second
transmtter / feogivsysiiegledesipai r arranged as a third transmitter 10 antenna
separated from a fougld b i ARG tdcbiveAlraRAREAYs b Ronshiifictanhiiitege, both
transmtter antennas tilted wth respect to the |ongitudinal axis of the
tool ; and with respedtity the Igngitadinilasis obtip ook prdunigerive antgnia tigd withcej ver

ant enna separa 0 ecel f di st ance,
both receiver té%g %%aoa@kﬁn%ﬁg%%a%ﬁgﬁgg%@c%@%gﬂ? ﬁg@r}{%ér@lﬁ?&gi{eﬁgﬁ 1§|axi s of the
tool, the rléceiseperatéd fr@u eireferengeairgss-s&tips phibe thobkyt nEwshdistarcefapd e transmitter

[ transmtter pair _and the secon s t i,r such that
the receiver /_refcglcygf a\‘/ng?nnf)élsl ¥ pa}ré{e(gg%é%%tljé%&%‘rg%cr#?sﬁ%a;h ?I;H&ﬁe? {)%{El)gﬁi tter /
transm tter paisecoaddistancayabdie second transmitter / transmtter pair by a

second di st ance.

a second transmitter / receiver pair arranged as a transmitter antenna
tilted with respect to the longitudinal axis of the tool and a receiver antenna tilted

15  with respect to the longitudinal axis of the tool such that the transmitter antenna
is separated from the reference cross-section of the tool by a third distance and
the receiver is separated from the reference cross-section of the tool by a fourth
distance, the sum of the first and second distances equals the sum of the third
and fourth distances.

20
7. The apparatus of claim 1 or 2, wherein the arrangement of transmitters
and receivers is structured to capture a signal from around the tool such that a
horizontal resistivity signal can be substantially decoupled from a vertical
resistivity signal.

25
8. The apparatus of claim 7, wherein the arrangement of transmitters and
receivers includes:

a pair of transmitter antennas, each transmitter antenna tilted with respect

to the longitudinal axis of the tool such that center points of the transmitter

30 antennas are collocated, one transmitter antenna of the pair of transmitter
antennas having a same tilt elevation angle and opposite tilt azimuth angle as the

other transmitter antenna of the pair; and
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2013. The apparatus of claim9, wherein the arrangenent of transmtters and
recei vers includes: a first pair of transmtter antennas, each
transm t two 2aii@B92a of the first pair of transmitter antemnasoibiokiesssl with
respect to the longitudinal axis of the tool such that center points of the
transmtter antennas of the first pair of transmtter 25antennas are

coll ocated, one transmtter antenna of the first pair of transmtter
antennas havi ng a sap#r bf keieied emaiinagRachingteivea miternjapibted tvithtrdspéct &azi mut h angl e
as the other transm.tter antenn f the first pair.of transntter antennas;
a second pair &eqf?%Wé’ﬁPltat"@roﬂl?ﬁa‘Bﬁrf&@ tﬁ@af&‘?‘f""tﬂ”i‘ﬁ%?‘ﬁtﬁ? EFEACBTAYSof the
second pair of atdcallsditdd; @fe radtiven Bisnnaiof the Gaivbf fcdi®s pALANaS Batiliea | ongi t udi nal
axis of 30 the tool_ such that cepter .pojnts of the t anﬁm'tter ant ennas of
the second pai 528§ tilf plsyation apgls andeRpRFe diltazmnyth el as By ot FeCet¥ehns mi t t er
antenna of the ;8@ tRaalr. Of transmtter antennas having a same tilt

el evati on angle and opposite tilt azimuth angle as the other transmtter
antenna of the second pair of transmitter antennas; a first pair of

recei ver antennas tirhd gfhaMhdsr EIGRPE6E 2, Wheletfint Ao meitoRba@¥iifer®f the tool
such that center points of the receiver antennas of the first pair of

recei ver ant en@adregeirers is|siraetured ¢ capiee ¢ tseal {rem agpmalinsghesd of e 199l st pair of
recei ver ant enias, dabAfibaichd MBmlditel: EheNfbl BN ANG BfildaRBARKbE L1] L
azinmuth angle as the 5other receiver antenna of ‘the First pair of receiver
ant ennas; dfid signalsaruadihd tqehan hefsubstanéinNyeganepladeand stugtined sughhat h r espect to
the |ongitudi n%lgng%lo taiBIltioth?roﬁoa%lomﬁﬁle%Qhéa %?th%qml%{m Qéjéu'ﬂ%f?ntﬂil the receiver
antennas of the®second palir Of recelver antennas are co ocaYed, one

recei ver ant enranceledt he second pair of receiver antennas having a sane tilt
el evation angl e and opposite tilt azinmuth 10 angle as the other receiver
antenna of the second pair of receiver antennas, such that the first pair
of receiver antienna¥$hé spparpasioftiein 9, vierdihthe hirarpempsti of trehsniittansnd t t er
antennas by _a separation di stance, the second pair of transmtter antennas
i s separatéd frEAEREFYE: pair of receiver antennas by the separation

di stance, and the sgefdaRaiitter@fecei®eigiait@irafRt @ asnshitiGapenmitiegdf rom t he

second 15pair of transmtter antennas t he separation distance, 14. The
apparatus of cl*diPspect tm@&%}gﬁu‘i‘ﬂ‘g agis Pg%e &5’? fNCot TP REE @P“aafﬂfeal‘?ﬁ@s i's
di sposed bet wegaptdd@ thé lonkind@iichi 846 6fdle RAI §ush Bat the dBSMittérnteaid MAnas.

the receiver antenna are separated by a separation distance; and

L

20 a second transmitter / receiver pair arranged as a transmitter antenna
tilted with respect to the longitudinal axis of the tool and a receiver antenna tilted
with respect to the longitudinal axis of the tool such that the transmitter antenna
and the receiver antenna are separated by the separation distance, the first
transmitter / receiver pair separated from the second transmitter / receiver pair by

25  the separation distance.

11.  The apparatus of claim 9, wherein the arrangement of transmitters and
receivers includes:
a transmitter / transmitter pair arranged as a first transmitter antenna
30 separated from a second transmitter antenna by a first distance, both transmitter
antennas tilted with respect to the longitudinal axis of the tool;
a receiver / receiver pair arranged as a first receiver antenna separated
from a second receiver antenna by the first distance, both receiver antennas tilted
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2015. The apparatus of claim9, wherein the arrangenent of transmtters and
recei vers includes: a first pair of transmtter antennas, each
transm t two 2aii@B92a of the first pair of transmtter antemnasoibiokiesssl with
respect to the longitudinal axis of the tool such that center points of the
transmtter antennas of the first pair of transmtter 25antennas are

coll ocated, one transmtter antenna of the first pair of transmtter

ant ennas havi ngyifh 1856& t the lor@lteuadl a0 ofmg kw1, amcrammpast f eanksinitter p#it mut h angl e
as the other transmitter antepna of .the fjrst jr. of transmtter antennas;
a second pair &fPa3ed{Eem thegpcelyRt /FRTFAET PRLRYA W&%s‘iﬁtﬁc& antenna of the
second pair of transmtter antennas tilted with respect to the | ongitudinal
axis of 30 the tool such that center points of the transm tter antennas of
the second pair2of Thasrpatatusef claim drivheeeinihe apeneementof ffansgpier f‘%fﬁsrri tter
antenna of tshergcgg,ggqmq@deg: of transmtter antennas having a same tilt

el evation angl e and opposite tilt azinuth angle as_the other transmtter
antenna of the secoadirstransmiffery frappayitterpair ampneed poasiirst eMEKEFHEBai r of

Lransri tter - anteonas Bk 09 APRLARSLr LM dridihanbalthuffarkhik@en { ter

antennas by a £rv’s I nce, Irs air of receiver antennas, each
recei ver ant ennateofiastilted With sispgsttorthelongigdiial/ais efrihataplas tilted with respect
to the longitudinal ,gxiss lnchiifer) Rsnits Bait Midlnod RGNHRE uRithfis Of the

recei ver antennas of “YRe fiTs pair of recel veP antennas are col | ocat ed,
one recei Vel anhenmesepdratedfromiarfetrtip@ansmifer aerma by thefirstakigtanse.bath ng a sane
tilt elevation angle and o site, tilt azimuth. an . r receiver
antenna of the ng'%ewgpn%gﬁﬁeg&?\%sp ecatl(r%ll egﬁwnoél %m@%gggggg%gﬁogﬂ%gf?r of

recei ver antennas, ea&biveiaedeirer panireanpal afa firkteecebeoadenh® sgparatedof r ecei ver

antennas tilted with respect to the |l ongit %%nnal Xi s.of the toql,such that
center points dfom HEFCPECEFIET a%ltﬁ‘fri?ﬁﬁa{]ge 'is“ﬁ & bé’ﬁhrﬁceﬁ‘éfir?ntg & g@%ﬂi ver
antennas are calittespeido tHNEngitBERANRTs of te@dU)ahofecdiing / seeivarcbarai 1 of

recei ver antennas having a _ sane tilt el evati.on anglmg and opposite tilt

azi muth angide aisppsed bgteen the &zt trapsmittery Sapsmitier PR ANS e S868™Dai r of recei ver

antennas, the sgaghftelaiabshitterpair QLY Ehe RD4iGRN aeived fag iSepanattied from the
first pair of receiver antennas by the first distance, the fi r/st and second
S

pairs of recei Vium hadias arsmhirA gareptierper and fromthesscondepsmifer 'second pairs

of transmtter tﬁﬂ&ﬁ%@?ﬁaiﬁ&%ﬁeédﬁahis&%é.her of the pairs of receiver antennas
are placed between the pai'rs of transmtter antennas. 2016. The apparat us of

claiml1l or 2, wherein the arrangenent of transmtters
20 13.  The apparatus of claim 9, wherein the arrangement of transmitters and

receivers includes:

a first pair of transmitter antennas, each transmitter antenna of the first
pair of transmitter antennas tilted with respect to the longitudinal axis of the tool
such that center points of the transmitter antennas of the first pair of transmitter

25  antennas are collocated, one transmitter antenna of the first pair of transmitter
antennas having a same tilt elevation angle and opposite tilt azimuth angle as the
other transmitter antenna of the first pair of transmitter antennas;

a second pair of transmitter antennas, each transmitter antenna of the
second pair of transmitter antennas tilted with respect to the longitudinal axis of

30 the tool such that center points of the transmitter antennas of the second pair of
transmitter antennas are collocated, one transmitter antenna of the second pair of
transmitter antennas having a same tilt elevation angle and opposite tilt azimuth
angle as the other transmitter antenna of the second pair of transmitter antennas;
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and receivers includes: a first transmtter antenna tilted wth respect to
the longitudinal axis of the tool; a second transmtter antenna tilted with
respect twotbe/d2egi t udi nal axis of 25the tool; a thirdptrassaoiisss ant enna
tilted with respect to the longitudinal axis of the tool; a first pair of
recei ver antennas, each receiver antenna of the first pair of receiver
antennas tilted with respect to the longitudinal axis of the tool, the 30

recei ver antennas of fitdigaif bffr8deivRRhriteriths filalitErespaexite fHedonghtedinalakiad from
each other by a first distance, the first pair of receiyer antennas
di sposed bet we&hthetieol pychdhat eenigrpgints of therealyen antemgs ?ﬁge é@&%‘ﬂﬁo ransnmitter

antenna and sepalRtLthtdtnN O cattd)8nd tebsilerahRRG B theirstpatrof Rreigad t he
second transmtter antenna by a second distance;  a ecgnd pair of

: . ) .and | a
recei ver ant ennaisnnasseting eeaiodtelevationtnglcomdopeosie tb Atmyd felsas fRecei ver
antennas tilkt e%tﬁwepeitﬁsdﬂféﬁﬁa&fqhetﬂgtﬂaﬁrméceﬁjemtenﬁas; sncof the tool, 5 the

recei ver antennas o e second pai r of receiver antennas separated from
each ot her by the fpsesondipait efiessiver atennacidlind it respg¢t to tedongipdigdlt ennas

di sposed bet \Ae%gisto?gxgifoq o4l dhah E&?{Rﬁ)hﬁro eV 8ftchrh D6 thdbdebnd paAnSM tter

ant enna and separat rom bot second transmtter antenna and the
third transni t tofreceiméramteandsyare dodlosatasio ot rdpeiven aenna pfithe Becprd paipphr at us of

claim1l or 2, Vl\!elzn'c%{vgi glnténrlllae'\s }%ern% N9&EHE mt ef?etla&oqlaaﬂglmaﬁ& (%p%site tilt azimuth
10  angle as the other receiver antenna of the second pair of receiver antennas, such
that the first pair of receiver antennas is separated from the first pair of
transmitter antennas by a separation distance, the second pair of transmitter
antennas is separated from the first pair of receiver antennas by the separation
distance, and the second pair of receiver antennas is separated from the second

15  pair of transmitter antennas by the separation distance.

14.  The apparatus of claim 13, wherein the first pair of receiver antennas is

disposed between the first and second pairs of transmitter antennas.

20 15.  The apparatus of claim 9, wherein the arrangement of transmitters and
receivers includes:

a first pair of transmitter antennas, each transmitter antenna of the first
pair of transmitter antennas tilted with respect to the longitudinal axis of the tool
such that center points of the transmitter antennas of the first pair of transmitter

25  antennas are collocated, one transmitter antenna of the first pair of transmitter
antennas having a same tilt elevation angle and opposite tilt azimuth angle as the
other transmitter antenna of the first pair of transmitter antennas;

a second pair of transmitter antennas, each transmitter antenna of the
second pair of transmitter antennas tilted with respect to the longitudinal axis of

30 the tool such that center points of the transmitter antennas of the second pair of
transmitter antennas are collocated, one transmitter antenna of the second pair of
transmitter antennas having a same tilt elevation angle and opposite tilt azimuth
angle as the other transmitter antenna of the second pair of transmitter antennas,
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and receivers includes: a first receiver antenna tilted with respect to the
| ongi tudinal axis of the tool; 15a second receiver antenna tilted with
respect twobtbesd2e9gi t udi nal axis of the tool, the secongcraseiveissant enna
separated fromthe first receiver antenna by a first distance; a
third receiver antenna tilted with respect to the |ongitudinal axis of the
tool, the third receiver antenna separated fromthe second receiver antenna

by the_ 20first gey s‘é&(ﬁﬂfflﬁir of transmitfer fnilt_élﬁfas Péing sephrated @osnthé fist pandfennas, each
transmtter antenna of the fII‘Sft pair of transmtter antennas tilted with
respect to the MRBHREnARICHBAS BYRTUStHSAIRS t 00l , the transmitter antennas of

the first pair of tpaR3pdit bBkcciRt BORSs, seAtaliRe aktédaloe &g iiraphienf by t he

first distance; and 25a second pair of transm{ter antennas, ch
transmtter antreasivar sfenmpgtiliod v eﬁBﬁ‘Ptr“’ﬁ‘Fktnrgg\‘éﬂ‘ﬁtaf }ﬁﬁf@iﬂgg%ﬁ ted with

respect to tkhe cle&?.gdowgmﬁé reBeile aRbndal 8f th @st phiP6f fescivts MhtbhmRE areNt ennas  of
the second pair o ransmtter antennas separated_from each other by the

first distancecolltrstedeangmereiyai antanna ok the St paieef rageivenpremashixi8i%ed from t he
first pair of tsﬁtﬁgﬁﬁkgb%)g%g%g DREGHpBYte izl iR hngl S RARNGtherZORAGy t hi 1 d

recei ver antennas. ppar atus of any preceding claim the apparatus
i ncl udi ng: antena efoit finsi pagrrof receigerptennast ansct i vati on of the transnitters

To. A mothod of meaSSengPt daeat B ARG R SR bR Mg oRiRn 1 g7 1%
S5control | i N9 aghirvétdceinerahteandsditibd with prspetitodbedongitudinat 41ds efdhd toplavi ng an

such that center points of the receiver antennas of the second pair of receiver

antennas are collocated, one receiver antenna of the second pair of receiver

antennas having a same tilt elevation angle and opposite tilt azimuth angle as the

other receiver antenna of the second pair of receiver antennas, the second pair of

15  receiver antennas being separated from the first pair of receiver antennas by the
first distance, the first and second pairs of receiver antennas being separated

from the first and second pairs of transmitter antennas such that neither of the

pairs of receiver antennas are placed between the pairs of transmitter antennas.

20 16.  The apparatus of claim 1 or 2, wherein the arrangement of transmitters
and receivers includes:
a first transmitter antenna tilted with respect to the longitudinal axis of
the tool;
a second transmitter antenna tilted with respect to the longitudinal axis of
25  the tool,
a third transmitter antenna tilted with respect to the longitudinal axis of
the tool;
a first pair of receiver antennas, each receiver antenna of the first pair of
receiver antennas tilted with respect to the longitudinal axis of the tool, the
30 receiver antennas of the first pair of receiver antennas separated from each other
by a first distance, the first pair of receiver antennas disposed between the first

transmitter antenna and the second transmitter antenna and separated from both
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arrangenment of transmtters and receivers along a |longitudinal axis of the
tool to capture signals fromformations in the vicinity of the tool;

obt ai ni ngwenogheadsof -t ool signal such that contributi opreTfusemodiseest
transmtter-to-receiver signals and formation signals around the tool are
10 substantially cancel ed, based on the arrangenent of the transmtters and
receivers with respect to each other; obt ai ni ng an at-the-tool signal
such that signahe feNtanbhigei Sfdns ithaseoml r@smiteadernih by heedood| ar e
substantially cancel ed, based on the arrangenment of the transmtters and
receivers with Fsé?é’ﬁ‘“eéflato each other; 15perform ng an inversion operation
of the at-the-tool gkgoad atlpofd@aeﬁ/remﬂwmas BAchREdeivr ﬁfterinheftfhesémhd on around
the tool; and performn an inversion o eratlon % ahead- of -t ool

si gnal usi ng tmélraéteé?lmrﬁéﬁmi&ﬂsé‘ﬁé‘?‘f"ﬁhEPPPetCh@t Pr@f”idﬁ’ﬁ MFPNe tool to

determi ne oge gfe 10 Gor BEIORRS bi 88 sc@bnd 14 JroEcRIei Aferdhesapargbd frb@ chetol . 20
20. The nethod of claim 19, wherein performng an inversion operation of

the at -t he-t oolothsk byt firstdistraess thesewondpHr plFesyerarteRes disResed PVESR £ r om
around the toolg s%?on%]tray}ﬁltt@lﬁatnlfbgﬂ ?Jd thd ﬁirmgsnﬁ&er?a%enﬂﬂ@ﬁ%b &1 form ng an
i nversi on oper at| on of a tool signal using the determ ned
property of t hdrdmbotimtliesecoad tramsehittds @ntewys) an el thigd Bangaiticr ﬁi‘tﬁmﬁé’yrﬂ@?sl stivity
from anonal i es gckg)%gqlsgamet he tool. 30 22. The nethod of claim 19, 20 or 21,
wherein perform ng an i nversion operation of the ahead-of-tool signal using
the determloed property of the formation around the tool includes applying
a forward nodel SUb Ct ed so?nla{rrtl? \ﬁ%reri)r{%(é\gﬁ? men?bf]pryfhﬁmﬂgg hod of

claim 19, 20, 211 or RN a1 acti v 10 e tool includes
appl yi ng si gnalaadt@eftvélaﬁt&m&i ers of the tooI electrically, in correl ated

itud d I f t d/
Soporations. 24, TAGTHECHRE I PSa P b i patpa PR fle, |

control l'ing actgsiati on of the tool | ncI udes appl ying current to two
different transmitters of the tool eous at, the.current
applied to 6ne of tﬁée‘toﬁﬂ)rqcPlﬁ?fsaﬁfeP’Pae‘? %JFSPQ“ Y thetfongltuginal axis of

the tool, the second receiver antenna separated from the first receiver antenna by

a first distance;

a third receiver antenna tilted with respect to the longitudinal axis of the

tool, the third receiver antenna separated from the second receiver antenna by the
20 first distance;

a first pair of transmitter antennas, each transmitter antenna of the first
pair of transmitter antennas tilted with respect to the longitudinal axis of the tool,
the transmitter antennas of the first pair of transmitter antennas separated from
each other by the first distance; and

25 a second pair of transmitter antennas, each transmitter antenna of the
second pair of transmitter antennas tilted with respect to the longitudinal axis of
the tool, the transmitter antennas of the second pair of transmitter antennas
separated from each other by the first distance, the second pair of transmitter
antennas separated from the first pair of transmitter antennas by the first, second,

30  and third receiver antennas.
18.  The apparatus of any preceding claim, the apparatus including:
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10 sane anobunt as and of opposite direction to the current applied to the
other transmtter. 25. The nmethod of any one of clains 19 to 24, wherein
t he net howoi2ocdoases appl ying results fromthe detern narcensediobissone or
nore properties of the 15formati on ahead of the tool to steering a drilling
operation. 26. The method of any one of clains 19 to 25, wherein the

nmet hod i ncludes stopping a drilling operation to make neasurenents using
the tool. 20 27. The, g&idPehiob camtyol diRvatidn oFlid thahshidtetsof A, tosthaad & n t he

met hod i ncludes nonitoring resjstivity fraomahead of a drill bit |ocated
ahead of the tB&Ceséﬁlﬁn‘éléfet"%‘l"%ﬁffﬂﬁﬂfeég‘ieévﬂs\}?f}&?t anges, determned fromthe
nmonitoring, to determ ne changes in pressure ahead of the drill bit. 25

28. The net hod of any one of clainms 19 to 27, wherein t erform ng of the
i nversi on of tA& atAmgthadafimegsuging properdies dpvahals: the mefhy Q Blg P al

resistivitysand Ver&dn%ihngqaixﬁﬁbﬁ/bftayto&lfdl ode@ GpRhRON) tiRNHoltHAGn@es f or m ng of
the inversion of the ahead-of-tool signal includes obt ai ni ng el evation

angl e and di st anengementad tramnﬁfrryandsecez*@rﬂ%@gﬁé?%@ el axinof dikdoddto ¢l ai ns 19
to 28 using th%ﬁﬂg@f lyﬁoﬁ)l oﬂ%of?ﬂﬁt}gw&ﬁ%}mhe]togp 18. 30.A

machi ne- r eadabl age medi um having instructions stored thereon, which,
when perforned by aobtaoimgmephaadw@eod signatrsishithee comdrippgionpfromdpedtat i ons, the

operations Coggrrglsszll#lgeq th Qgcm”%} Qé%l O\Nn A éaf?ctnt ﬁ%ﬂls@oﬁlﬁ thedosi%re © 31. A

apparatus to rop S apparatus conpri sing: a
t ool havi ngoan sﬁh’sfaﬂﬂgbjrmmtelddf basedorstie btregementdf thedwensneitters ahdbng a
| ongi t udi nal axi s. d.,a control unit to control activation of

t ool
the transmtt elreé:e'é’f’rst“ﬂ rf"%’gﬁ?t t%ﬁ%ﬂ {ther,

obtaining an at-the-tool signal such that signal contributions from
anomalies ahead of the tool are substantially canceled, based on the arrangement
of the transmitters and receivers with respect to each other;
15 performing an inversion operation of the at-the-tool signal to determine a
property of the formation around the tool; and
performing an inversion operation of the ahead-of-tool signal using the
determined property of the formation around the tool to determine one or more

properties of the formation ahead of the tool.

20
20.  The method of claim 19, wherein performing an inversion operation of
the at-the-tool signal includes determining formation resistivity from around the
tool.

25 21.  The method of claim 19 or 20, wherein performing an inversion

operation of the ahead-of-tool signal using the determined property of the
formation around the tool includes determining resistivity from anomalies ahead

of the tool.

30 22.  The method of claim 19, 20 or 21, wherein performing an inversion
operation of the ahead-of-tool signal using the determined property of the
formation around the tool includes applying a forward model subjected to an

iterative process.
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process signals received fromreceivers in the tool, wherein the control
unit 10 includes a nmachi ne-readabl e storage nmedi um havi ng i nstructions
stored t hgoeorosdsch when executed by a processor, causeTiUseo@ppssat us to
perform operations, the operations conprising the method of any of clains

19 to 29. 15

10

15

20

25

30

23. The method of claim 19, 20, 21 or 22, wherein controlling activation of
the tool includes applying signals to transmitters of the tool electrically, in
correlated magnitudes and polarity, to perform subtraction and/or addition

operations.

24.  The method of any one of claims 19 to 23, wherein controlling activation
of the tool includes applying current to two different transmitters of the tool
simultaneously such that the current applied to one of the two transmitters is of a
same amount as and of opposite direction to the current applied to the other

transmitter.

25.  The method of any one of claims 19 to 24, wherein the method includes
applying results from the determination of the one or more properties of the

formation ahead of the tool to steering a drilling operation.

26.  The method of any one of claims 19 to 25, wherein the method includes

stopping a drilling operation to make measurements using the tool.

27.  The method of any one of claims 19 to 26, wherein the method includes
monitoring resistivity from ahead of a drill bit located ahead of the tool and
correlating resistivity changes, determined from the monitoring, to determine

changes in pressure ahead of the drill bit.

28.  The method of any one of claims 19 to 27, wherein the performing of the
inversion of the at-the-tool signal includes obtaining horizontal resistivity and
vertical resistivity of a formation and the performing of the inversion of the
ahead-of-tool signal includes obtaining elevation angle and distance to an

anomaly.

29.  The method of any one of claims 19 to 28 using the apparatus of any one

of claims 1 to 18.
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30. A machine-readable storage medium having instructions stored thereon,
which, when performed by a machine, cause the machine to perform operations,

the operations comprising the method of any of claims 19 to 29.

5 31.  Anapparatus to measure properties downhole, the apparatus comprising:
a tool having an arrangement of transmitters and receivers along a
longitudinal axis of the tool; and
a control unit to control activation of the transmitters of the tool and to
process signals received from receivers in the tool, wherein the control unit
10 includes a machine-readable storage medium having instructions stored thereon,
which when executed by a processor, cause the apparatus to perform operations,

the operations comprising the method of any of claims 19 to 29.

15
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