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A problem common to MWD/LWD is how to transmit data from the bottom of a bore
20 hole to a point on the surface where it can be collected and processed. A typical technique
for this type of data transmission is mud pulse telemetry. During the drilling operation,
drilling mud is pumped from a mud pump downward through the drillpipe and emerges near
the drill bit at the bottom of the drill hole. This mud cools and lubricates the drill bit, carries |
rock cuttings to the surface where they can be analyzed and prevents the walls of the bore
25 hole from collapsing. In mud pulse telemetry, a transmission device, or “pulser,” such as an
electo-mechanical pulser or a mud siren near the drill bit generates a signal that is transmitted
upward to the surface through the downward traveling column of mud. A transducer,
typically at the surface, receives the signal and transmits it to a signal processor. The signal
processor then decodes and analyzes the signal to provide real-time information about the
30 drilling operation to the driller.

One problem with decoding and analyzing the signal is that noise seen by the
transducer, generated by the drilling operation, obscures the signal. There are a number of
potential sources of noise generated during MWD/LWD. Noise may be introduced by the
turning of the drill bit and drillpipe and/or from the mud pump used to force the mud into the
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received at the first transducer and the second transducer are time shifted, and the second

20 signal is then subtracted from the first signal. This technique produces a processed signal
with more sharply defined leading and trailing edges. Because the information carried by a
signal is typically encoded either in the pulse position or the timing and the phase of the
signal, more sharply defined leading and trailing edges enable the processed signal to be less
obscured by the noise and more easily decoded than a signal in a single-transducer

25 MWD/LWD system.

A mud pulse telemetry adaptive noise canceler (ANC) is provided to process
Measure-While-Drilling/Logging-While-Drilling (MWD/LWD) communication signals to
provide information on down hole conditions during a MWD/LWD drilling operation. The
ANC employs two transducers, each receiving a succession of signals. A primary transducer,

30 located down hole from both a mud pump and a desurger, receives a primary signal. A
reference transducer, located near or, optimally, on the desurger, receives a reference signal.
The ANC calculates a best least squares fit between the reference signal and the correlated

primary signal and then estimates the phase and magnitude of linearly correlated parts of the
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20 with a frequency that is dependent on the distance between the two transducers. In addition,

the generated spikes are time synchronized with the transmitted modulated pulses, thus
providing accurate clock tracking and recovery, more reliable signal detection, a better S/N
ratio and thus higher data transmission rates.
A better understanding of the present invention can be obtained when the following
25 detailed description of the invention is considered in conjunction with the following
drawings, in which:
Figure 1la illustrates an exemplary single transducer, Measure-While-
Drilling/Logging-While-Drilling (MWD/LWD) system employed in a drilling operation;
Figure 1b is a block diagram of an exemplary computing system that can implement
30 the techniques of the disclosed embodiment;
Figure 2 illustrates an exemplary two-transducer, MWD/LWD system that can
employ the techniques of the disclosed embodiment;
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bore hole 125. A transmission device 107, such as an electo-mechanical pulser or a mud

siren, produces an acoustic or pressure wave, or “signal,” 111 that travels at the speed of
sound in mud toward the earth’s surface 127 through the downward-travelling mud flow 103
in the drillpipe 105 and is received or detected at a transducer 113. The transducer 113 is
20 connected to a signal processor 115 that decodes and analyzes the signal 111. In this
example, the signal 111 is encoded using pulse position and carries information about drilling
parameters and conditions in the drill hole 125 that a driller may use to monitor and control
the drilling operation. The signal 111 may instead be encoded using phase and amplitude and
the signal 111 may instead be transmitted through and received from the upward travelling
25 mud flow 104 in the annulus 126.

Also included in the MWD/LWD system S is a desurger 117 that evens out the mud
flow 103 within the drillpipe 105. A membrane 121 separates the desurger 117 into a mud
section 123 and a nitrogen section 119. The desurger 117 acts like an accumulator to smooth
outlet pressure generated by the mud pump 101. The use of a single transducer, MWD/LWD

30 system S is well known to those with knowledge in the petroleum drilling arts.

Turning now to Figure 1b, illustrated is a block diagram of an exemplary computing

system C that can implement the techniques of the disclosed embodiment. The computing

system C includes a bus controller 22, a processor 14, synchronous dynamic access memory
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comput | "nbadt merWs and are used as examples only. In the alternative, the techniques of the
disclosed embodiment may be incorporated into hard-wired electronic circuits.

20 Turning now to Figure 2, illustrated is an exemplary two-transducer, MWD/LWD
system T that employs the techniques of the disclosed embodiment to process mud pulse
telemetry. The MWD/LWD system T includes a mud pump 151, a drillpipe 157, a mud flow
155 produced by the mud pump 151 through the drillpipe 157, a desurger 153 and a
transmission device 158 that are similar in type and function to the mud pump 101, the

25 drillpipe 105, the mud flow 103, the desurger 117, and the transmission device 107
respectively of the single-transducer, MWD/LWD system S (Fig. 1a). Some details of the
MWD/LWD system T such a drill bit and portions of the desurger 153 that are not critical to
the disclosed techniques are omitted for sake of clarity. Unlike the MWD/LWD system S,
the MWD/LWD system T includes two transducers, the primary pressure transducer 163,

30 located upstream of the pulser (not shown) and downstream of the desurger 153, and the
reference pressure transducer 165, located near or, optimally, on the desurger 153. Both the
primary transducer 163 and the reference transducer 165 were first introduced above in

conjunction with Figure 1b. Ideally, the primary transducer 163 should be between 50 and



shoul d be understood that a specific processor, operating system nenory,
bus and certain other hardware and software conponents are not critical to
t he technwoua4esiist he di scl osed enbodi ments and are used rag/Eoampkes only.
In the alternative, the techniques of the disclosed enbodi nent may be

I ncorporated into hard-wired electronic circuits. 20 Turning now to Figure
2, illustrated is an exenplary two-tran&ducer, MWY LW system T that

enpl oys the techniques of the disclosed embodi ment to grocess mud pul se

t el enet r§p0 fphbfmmj?t\ﬁbsw@t bY3; Bnd e teferenee deﬂ@a ould berndar or g8 the7, a
mud fl ow d PP, 5 e 157, -~
desur gerdefgrﬁ ég) lﬁlgrpans"nﬁ)i5 gg?orgrqlge evl c%a%laé%’ F‘{’l% 5? ggm gﬂqogr Sducer 163hd

f unct i onTheptibAryudngduegt 163 1rectives dSrahismittedi $ignal 067, Wmmgédemedlejz thé he
desurger 117, and the transm ssion device 107 respectively of

si ngl e- t FansEERQsr devigpl 1880d poetiestes! pigngl. 169) It shpwld beewndersioad th@héothm)/ LVD
system Ttraﬁiéﬁﬁnﬁdegghdl 169'ah Wreﬁl%t%& Qiséﬁalof 69 &%tﬂﬁWé\ﬁé%a&h e%ﬂe&@&

critical ISC|OS€ tec ni que are omtte e of clarit
Unl i ke t4ignalANBH Li¥\BreagesitvelranShe ttahemivielsidnBl $§/% teflects from theldesutgen 153 and 1s

transducers |nar ressure tr.ansducer, 163 30 cat ed str

the pul s@Pp%gﬁ*&%e@aﬁ% Bl e disection g thegud, flg® 5%5 illb¢ geplained

r ef er encigelik Sthe 'éhé‘ra&t@ﬁﬁﬁg HPEElgﬁﬁﬁ'ecéx%@étQﬂe G&%ﬂu&!rs IOJJIudePéﬂ YiffePlud 08he
desurger 153, Both the prinmary transducer 163 and the reference transducer

165 wer erelative unosutmnsndﬁthedraamerm lr63 amdniﬁjndtq wnd wump i lgandethe desurgiral 3y
primary tra er 163 sh u bet wee

pil) Dot rsraiBle B Sesel St Al thedirdGy HhERuRe: PO indoaRE bR TS Hapsmiied

tr anSdUC}Qﬂse1§57 ah@ WhelrdflRctag plser169n thdsigndl G8eHT GRY atlthd. refbhehch kalBduder 165

transducer 163 can al so be terned the rig floor transducer 163. The

pri mary nelideyihedransmited guise\16d only dugonihe refgreare transduge’s | logation either

ener at e It
ghoul d b%aﬁ}r%ﬁé??% oo ﬁ{é%gntl%o?ﬁ %ﬁ%ﬁlg&fsr ans ma{;gl %J&Bﬁﬁ?&?@} %wtaﬂéggbf
ref | ect ettle slifferehcel G8twaentthe mlghdHlDfchDediait ahe “;')lmmarﬁfdaasdwdr 163 gundl thd GRzrab
ted when the tr smtted Si 167 .reflects fromt desur ger. 153. and
pr oprég%wﬁatbfaew TRfFe Hstrséu?e% q%ﬁ do g%ﬁ%tam e pracsioing OP fhe trRgEmIteg iEnah . As
W' Il be ggool ]@ﬁkzﬂﬁﬂe Qﬁétﬂ%letﬂ?\%s&x@%fﬁ@&lﬁ@fssthétcrﬁa)pger@e ad ﬂﬁaﬂruﬁzﬁﬁ %hH ?&eﬁ%cé he

transducers 163 and 165 differ due to the relative positions of the
t r ansductearsdd@ss dﬁa 486 164 reze rthel Gemp 6190 manufadteredebyir@ens S%orsldnﬁopf

CHaTP! € bR, e R By B I RS B DURLHE R OBET, o
at the rsfae6e M@ssbéﬂﬁ&ﬁthﬁﬂrthéaﬂatran 709, 571 or 70 series manufactured by the Viatran
20 Corporation of Grand Island, New York. The specific transducer employed is not critical to
the techniques of the disclosed embodiment but should preferably have a response time of 20

ms or less.

The primary transducer 163 converts the received, combined pressure pulses 167 and
169 into a primary electrical signal 400, and the reference transducer 165 converts the
25 received pressure pulse 167 into a secondary electrical signal 402. The primary transducer
163 and the reference transducer 165 provide the primary signal 400 and the reference signal
402 respectively to a signal conditioning box 175. The signal conditioning box 175, which
includes analog anti-alias filters 177, converts the 4-20 mA primary and reference signals 400
and 402 from the transducers 163 and 165 to a suitable voltage for data acquisition cards (not
30 shown) in the computing system C. The signal conditioning box 175 provides an anti-aliased
primary signal 404 and an anti-aliased secondary signal 406 respectively to a primary channel
177 and a secondary channel 179 respectively of an adaptive noise canceler (ANC) 181. The

ANC 181 is described in more detail below in Figure 4. In the disclosed embodiment, the



I ncludes the transmtted pul se 167 only due to the reference transducer's
165 |l ocation either near or on the desurger 153. The techni ques of the

di scl osedwermhodisagnt t ake advantage of the difference betrogarsot/mz2si gnal
received at the primary transducer 163 and the signal 15 received at the
reference transducer 165 to facilitate the processing of the transmtted
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first pressure pulse is mtted pul se 167 that travels through the
downwar dbetweanethe bggimnuhgfdfahe tBfsmifted guldy at timartl unpé theebepinhing of therreflested

tovard t;?u?se% R 'tinte é%%pre;gr]l S asnee?n?&gnt BE favel tind it ta‘?kes for the transmitted pulse 167
to travel upstream from the primary transducer 163 to the desurger 153, become the reflected
20 pulse 169, and travel back downstream to the primary transducer 163. The difference
between the end of the transmitted pulse 167 at time t3 and the end of the reflected pulse 169
at t4 represents approximately the same travel time.

The third exemplary pulse is a resultant pulse 201 that represents the sum of the
transmitted pulse 167 and the reflected pulse 169. Note that the reflected pulse 169 arrives at
25 the primary transducer 163 later than the transmitted pulse 167 and is of a smaller magnitude.
As aresult of the difference in time between time t1 and time t2, the resultant pulse 201 has a
peak 203 at the beginning edge. As a result of the difference between time t3 and time t4, the

resultant pulse 201 also has a dip 205 at the trailing edge.
As noted above, the reference transducer 165 receives the transmitted pulse 167 and,
30 because it is either near or on the desurger 153, almost none of the reflected pulse 169. The
techniques of the disclosed embodiment employ the resultant pulse 201 received at the
reference transducer 165, as well as data from the processing of preceding pulses, to process

the transmitted pulse 167. The sharp edges of the resultant pulse 201 have a frequency that is



the reflected pulse 169 that travels in a downstream direction, or away
formthe desurger 153. The reflected pulse 169 is created when the
transm t two opoheses 167 reaches the desurger 153 10 and i s pcafusewtmds back
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processed by an automatic gain control (AGC) device 325, which adjusts the d(k) signal 307

20 to a level appropriate for further processing, and is then passed to a summer 335, described in
more detail below. If a sr(k) signal (not shown) is set equal to the sum of the s1(k) signal 303
and the r(k) signal 305, the relationship of the s1(k) signal 303, the r(k) signal 305, the nl(k)

signal 301 and the sr(k) signal can be described as follows:

25 d(k) = s1(k) + r(k) + n1(k)
= sr(k) + n1(k).

The s1(k) signal 303 goes through a T(z) transformation 311 which produces a s2(k)

signal 313. The T(z) transformation 311 represents a physical conversion of the s1(k) signal

30 303 from a current loop into voltage for data acquisition cards (not shown) of the computing
system C (Fig 1b) and, in the disclosed embodiment, includes anti-aliasing filtering. The

T(z) transformation 311 also represents a physical transformation of the s1(k) signal 303 such

as effects caused by the length of and number of joints in the drillpipe 157.



t hus providing accurate clock tracking and recovery, greater signal
anplitude and a better 5 SINratio, leading to nore reliable signal

det ect i orwend/odsgher transm ssion rates. Thus, the resul ramtuspuizes 201 is
nore sharply defined than the transmtted pul se 167 or the reflected pulse
169, and MAD/ LWD data can be transmtted at higher data rates than in
either a single transducer MADY LMD sysPemor in a two-transducer MAD/ LVD

system that does not enploy an ANC 181. 10 Turning now to Figure 4,
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cor r espog(ikistdone fresuchfasvayrasgo snigimaize #@2xpected square value of e(k). The n"(k) signal
321 can be described as follows:

20
(k) = n(k) * W(k)
= s2'(k) + n2' (k)

where the symbol “*” refers to a convolution corresponding to the weighting using the

25 W(k) coefficients 318. The s2’(k) signal (not shown) and the n2’(k) signal (not shown)
represent the individual weighting of the s2(k) signal and the n2(k) signal respectively.

The n”(k) signal 321 is subtracted from the primary input signal d(k) 307 by the

summer 335 to give an estimate of an ANC error signal e(k), or an ANC output signal, 323,

as shown below:

30
d(k) — n(k) = st(k) + n1(k) — n(k) * W(k)
= s1(k) + 1(k) + n1(k) — s2' (k) — n2' (k)
= (s1(K) + (k) — s2°(K)) + (n1 (k) - n2'(k))
= s(k) + n(k) = e(k)
35



(Fig. 2), is the output of a sumer 333, which conbines the output of the
T(z) transformation 311, or a s2(k) signal 313, and a n2(k) noise signal
309 that wemes@&mt s el ectroni c/ random noi se such as that pcatusoduresl by t he
A/ D converter 18. Like the summer 331, the sunmmer 5 333 does not
necessarily represent a physical device. The n(k) signal 319 is passed by
the summer 333 to an AGC device 327, Wifich adjusts the |evel of the n(k)
signal 319 to a level appropriate for further processing, and then to an
adapt i vewherpséa ode(kays an gstinfatwiiaespikpsignad 505 €8pondslesqribeps fallowst 315, whi ch

I's described in nore detail below The n(k) signal 319 can be described as

follows: 10 n(k) = k) .+ k). The reference signal n(k) 319 is
"wei ght ed" byg(ﬁésaﬁ(%f&lﬁ)fég%é)w using a set of coefficients Wk) 318. The
coefficients k) 318 are cal cul ated by neans of a recursive 15 |east
sqdar es FRIEK) Ht alrendomyunceaelatqdonndse; ip dessribedies fallpwpel ow. The out put of the
FIR filter 315 is a weighted n(k) signal 319, or a n*(k) signal 321. The
n"(k) signal 321_i ubtracted fromthe primary signal d(k) to give an
esgi)mat egof t‘ﬁ@(}ﬂl{ﬁ:( at‘%ﬁf e(k). The calculation of e(k) is done in such
a way as to mnimze th xpected square val ue of e(k). The n”(k) signal
321 gan be deécﬂawﬂé&oa§?f’@l) Bew. gomqﬁ&e a way, ag 0 Hnnfrw%@)e the gweei(e)i)squqxgoglk)
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n2' (k) s3vald ronwirekttionbytweaee phcespaket sigriad andobise sigradls mEkyd mifkpthenhe s2( k)
signal and the n2(k) signal respectively. The n*(k) signal 321 is
subtracted frgmthe i y I, signal d(k) 307 by the sumrer 335 to
gi ve an esti ng{eéf()g} =¥{(%E:‘é‘ra<8%si nal g(k), or an ANC output signal, 323,
as_shown bel ow 30 &Kk (k)jnml((k)-‘_‘/@?* §))3 nl % - n(k) * Wk) =s 1(k) +
rdk) + n 1(k) - s2' =EHdpr(k) ﬁ%sr(l()ky(k):;r(&)?r@sy(k)( ({c)e)n(k);sz' (k)) + (nl (k) -
n2' (k) = sECkWMKRN(S) (k) n(k))
= E{sr(k)’} + E{n1()*} - 2E{st()(W(k)*n(k))} + E{(W(K)*n(k))*}
= E(s(k)?) — 2E{sr(k)(W(k)*n(k))}

20 where E{.} denotes an expectation or statistical average, the symbol ‘*’ denotes convolution,
as described above. The W(k) coefficients 318 are calculated using a RLS-type algorithm by
the RLS module 317 based upon an e(k) signal 323 corresponding to previous transmitted
pulses. Since E{s(k)’} is constant, minimization of the error square E{e(k)z} reduces to a
minimum squared error cancellation of sr(k) by W(k)*n(k).

25 Therefore, the W(k) coefficients 318 are adjusted to minimize the mean square value
of the e(k) signal 323. The W(k) coefficients 318 are calculated using an iterative procedure
according to the steepest-descent (gradient) algorithm and the following:

Wk) = W(k-1) + A e(k) n(k)
30
where W(k-1) represents a set of coefficients immediately preceding the W(k) coefficients

318 at the k-1-th iteration and A is a positive number chosen small enough to ensure the
convergence of the iterative procedure. The n(k) vector is a set of data points measured at the
secondary input fork =0, 1,2, ..., N, and N is a length of the adaptive FIR filter 315.

35 The equation directly above represents a basic mean square error (MSE) algorithm or
what basically is referred to as a Least Mean Square (LMS) algorithm for adjusting or
updating the FIR filter 315 coefficients, which represent the phase and magnitude of linearly
correlated counter parts of the primary signal d(k) 307 and the reference signal n(k) 319.
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directly above represents a basic nean square error (MSE) al gorithm or
ek) = d(k) — n"(k)
15 Wk) = W(k-1) + K(k) e(k)

where K(k) is known as a Kalman gain vector. In the alternative, other methods such as a
fast least squares algorithm may be used to calculate the gain vector. In the disclosed

embodiment, the Kalman gain vector is calculated according to the following:

20
Kk = 1/(wuk)R'(k-1)nk)
= 1/(w+p(k)) P(k-1) n(k), P(k)=R"'(k)
where,
25 pk) = (k) R (k-1) n(k),= n’(k) P(k-1) n(k),
n’k) = the transpose of the vector n(k),
Rk) = the correlation matrix for n2(k) and is given by:
Rk) = Zieo* W n(k) 0’ (k)
w = weighting factor O<w<1).
30
R(k) can be computed recursively as:
Rk) = w R(k-1) + n(k) n’(k).
35 An inverse correlation matrix P(k) can be expressed using a matrix inversion lemma

and may be computed recursively as:
Ph) =  (Uw)[P(k-1)- K(K) (k) P(-1)].

The W(k) coefficients 318 calculated above find an estimate n*(k) 321 by convolving



what basically is referred to as a Least Mean Square (LMS) al gorithmfor
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signal d(k) 307 and the reference signal n(k) 319. WO 01/046548
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disclosed embodiment, the peak 505 and the dip 507 are more pronounced than the peak 203
and the dip 205, respectively. This result enables MWD/LWD information to be transmitted
15 more accurately and at a higher transmission rate than is possible by using a simple signal
addition as illustrated in Figure 3 or by employing a band-pass or high-pass filtering scheme.
Sharply defined peaks and dips enable MWD/LWD information to be transmitted more
accurately and at higher transmission rates because the MWD/LWD information is, in the
disclosed embodiment, encoded within the pulse position of the transmitted pulse 501. Thus,
20 a sharply defined pulse is less likely to be obscured in the noisy environment of a drilling
operation than a pulse in a conventional MWD/LWD signal system and the amplitude of the
transmitted pulse 501 is not effected by the pulse width or the desurger 153.
Figures 6 and 7 are diagrams showing additional exemplary inputs and outputs of the
ANC 181 of the disclosed embodiment plotted in terms of pressure as a function of time. In
25 Figure 6, a primary input signal 307 and a reference input signal 319 are processed by the
ANC 181 (Fig. 2) to produce a ANC output signal 401. Note the sharply defined peaks and
dips in the ANC output signal 40 similar to the sharply defined peaks and dips of the ANC
output signal 503 in Figure 5. Figure 7 shows an exemplary dual-channel MWD/LWD
system. Like Figure 6, a primary input signal 703 and a reference signal 705 are processed
30 by the ANC 181 to produce a ANC output signal 707. The ANC output signal 707 also
includes sharply defined peaks and dips. Use of such an ANC output signal allows for
reliable recovery of MWD/LWD data.



30 R(k) can be conputed recursively as: R(k) = w R(k-1) + n(k) n" (k). 35
An inverse correlation matrix P(k) can be expressed using a matrix

i nver si orwlbbemoess4@and nmay be conputed recursively as: P(k) peT(usbod27p$(k-1) -
K(k) n' (k) P(k-1)]. The Wk) coefficients 318 cal cul ated above find an
estimate n*(k) 321 by convol ving WO 01/ 046548 PCT/ USOQ 42725 12 the
secondary input with the coefficients Wk) 318 obtained in accordance with
the equation (nA(k) = n(k) * WKk)) every tinme a data point is collected.
The FIR filt eFhe3fosegmingodisclosuré apd d8Rtiptioms of thervasiobs embbdichentsoare tilhestptiverar y

i nput  si | k) 307 by t 335. t tain. th k) si |
whroh | SRRl ORI et 4RO sasiecil fhs Sepintiont Ana Aebud) fERe@Cey o
i's used the otgaalzatién SPIhk RoMmpEALHE) Ghe theddtter RIAAMURInG T RRDs takbR lak SVeNatintthéat

m ght have resulted due to the drilling process and is comon to both the
pri mary dstailsapfl te3illngtated syptememanice madgnwithowd sdepriing frgmnthe spiriFp§ibe 5,

ilkustr j Lm | agr t. I I 1 i

pul se. sanveish SIS HLEBHE Tt s dRReltfdn U EARER AL peddBBIAEE
ANC ].:LO Sy tit ]gitHllSEe EﬁwarsktE@xt ;]H:alne :iyhi:ettﬁhcroafcﬁtlig wg}gsea?scﬁbas ga)ahﬁqiﬁés ain(ébé ed
as a function of tinme. Like the resultant pulse 1 (Fig. t he, AN

out put pmrdemented i @) vagisty &f othar dydhng systeras |thagemploy AWDateghiquss7 at
the trailing edge. However, as a result of the techniques of the disclosed
enbodi ment, the peak 505 and the dip 507 are nore pronounced than the peak
203 and the dip 205, respectively. This result enables MAD/LWD i nformation
to be transmtted 15 nore accurately and at a higher transm ssion rate than
is possible by using a sinple signal addition as illustrated in Figure 3
or by enpl oying a band-pass or high-pass filtering scheme. Sharply defined
peaks and di ps enable MAD/ LWD i nformation to be transmtted nore

accurately and at higher transm ssion rates because the MADY LMD i nformati on
is, in the disclosed enbodinment, encoded within the pul se position of the
transmtted pul se 501. Thus, 20 a sharply defined pulse is less likely to
be obscured in the noisy environnent of a drilling operation than a pul se
in a conventional MAD/LWD signal system and the anplitude of the
transmtted pulse 501 is not effected by the pulse width or the desurger
153.



Figures 6 and 7 are diagrans show ng additional exenplary inputs and
outputs of the ANC 181 of the disclosed enbodi nent plotted in terns of
pressure W ta/odasmcti on of tinme. In 25 Figure 6, a primarycrnsat4zegnal 307
and a reference input signal 319 are processed by the ANC 181 (Fig. 2) to
produce a ANC out put signal 401. Note the sharply defined peaks and dips
in the ANC out put signal 40 sinmilar toléhe sharply defined peaks and dips
of the ANC output signal 503 in Figure 5. Figure 7 shows an exenpl ary

dual - cha®hAIMMAY LWD system Like Figure 6, a primary input signal 703 and
a reference sy | 7 ar.e processed 30 by the ANC 181 to produce a ANC

out put si gnal W%g\.”ef‘%gmkc out put signal 707 also includes sharply defined
peaks and di pk. UsA méthedioff dereciiiCtedethettst ird dghinlg il Qding Adrillife bpératiens,
recovery of MAD/LWD data. WO 01/046548 PCT/ USOQ 42725 13 The foregoing

di scl osUFBREIFNABE 8tePHekon of the various enmbodinents are illustrative and
expl anatory thereo vanpl: I . 1.t A t{d but es
of the ANC ' the crside fukiisp ARATHES phE HESEhiChIS M iRtedh dT X
of steps takeprimay tveabducascreatirighem upderéan kravalingt ttensnlittedspulsd;ed syst em nay be
made w t hout deparéﬂin , frtgmthe spi,rit of he@?]in ention. i Iqe an

exenpl ary system i &t riPp RSt P PR 2 trtlegted RUISS eQrRisBPRding fg the
system it shaldsnBfed/paiSe ot ARApfifaly BasNBtEMRCHOUHLRS o fritBs desarbRed
techni ques can be inplemented in a variety of other drilling systens that
enpl oy MAD/ L\Wpondhhdétegied transmitad prigsagl theieteigatrefleees pulsd; CLAI MS: \What we

claipis: 1. A nethod. of detecting,telengt ip drilling fluid durin
dri 1'% ng operation e,““é‘%r}g? ittrérlf‘?‘fﬁmg‘ﬂé)uisteer%stli%freér%ﬁé?aﬁ‘ﬁﬁﬁr &“‘ng‘?‘{‘ﬂcwg #luid
pressure pul s@coitlagy §igh# bagddapdn ISdet@ddn dnsaittdd pulddf ¥nd r ansducer creating

an upstreamtraveli ngi, transmtted pul se; detecti 3& the transmtted pul se
and a reflected punedfvag acusenssivagigna! based upen isdiffereage patvessn the primary

[ anem tted pubes end B, REGAHE) Bn) B gefiBal & AL RIRE rBRP ALE REGF " o

transm tted pugd at the reference transducer and producing a

15 2. The method of claim 1, wherein the successive signal is the secondary signal.

3. The method of claim 1, wherein the ANC output signal comprises an ANC
output pulse with a sharply defined peak at a leading edge of the ANC output pulse and a
sharply defined dip at a trailing edge of the ANC output pulse.

4. The method of claim 1, wherein the reference transducer is located at a point

20  where the transmitted pulse is reflected.

5. The method of claim 1, wherein the successive signal is also modified based
upon a difference between a previous primary signal at the primary transducer and a previous

secondary signal at the reference transducer.

6. The method of claim 1, the modifying step comprising the steps of:
25 calculating a fit between the primary signal and the secondary signal;
calculating weighting coefficients based upon the fit; and

modifying the successive signal based upon the weighting coefficients.



secondary signal based upon the detected transmtted pul se; and nodi fying a
successi ve signal based upon a difference between the primary signal and

t he secomwlany/osisghal to generate an adaptive noi se cancel ecT(UShZ)2721t put
signal. 15 2. The nethod of claim11, wherein the successive signal is the
secondary signal. 3. The nethod of claim1, wherein the ANC out put signal
conprises an ANC output pulse with a difarply defined peak at a | eading
edge of the ANC out put pulse and a sharply defined dip at a trailing edge
of the ANC ou?put P sethod of iamet Wheteinf the [vesighting edeffraaénts ateccataflateeby e

transducer _is cated at int 20 where the transmtted pulse is
refl ect eﬁl?a’?.og‘?ﬂgasﬁréﬂ%ea az%d?@i"ﬁi m 1, wherein the successive signal is also

nodi fied based upon a difference between a previous primary signal at the
primary transducer and a previous secondary signal at the reference

transducer. 68. TheThemethodsl cdaig fa whereinethapygighfingcostligientoaisrqalquinged he
steps of; 5 at | j imary signal and the
secondarrye%%gor%q%&ﬂ%g% %:el% as?l}l%ljag }Q?%m? @n%lb‘grgtgg{'i cients based upon the fit;
and nodi fying the successive signal based upon the weighting coefficients.
WO 0# 046548 PCT/ UgOO’427,25 15 7. The nmethaod of clajm6, wherein w]rﬁ

wei gt i ng coe?f i ci ARt adaptive cBeiss| cangsiet, (AN for gise in @, Mleasyisgieats While-

al gori t hpyinsho/1l -,{Fv_ h)?g-]ﬂfill'ﬁ awo Wﬂgg bt iR ght i ng coefficients are
cal cul atglc? g’%%& s of a relc%rm ve/I[ ea tﬁsqu’are RCS) type algorithm 5
9. An adaptive noi sgeansivelleast (sqiBes f(RLS)smodule soMeasuiate nae rfit- Yised espon a
Drilling/Logging-Wile-Drillin MADY LY WD) syst.em . conprisi.ng; a recursive
Ceast Squar oTieRse FERIeD F PTRBAT (B SOMErROPGGels ApBTRTitg] PR driles
between a pri pfleted pdRalang Qrdéé‘&Mf}d!sigﬁ}altc@n@sﬁohéiﬁ%ﬁb&h@ﬁaﬁ&ﬂi&&i ptlde &om a
reflected pul se and a secondary signal corresponding to the transmtted

pul sE) from a refgencsfteansducer;epdnsducer; and an adaptive finite inpul se
response (FIR) il ne%c%aé)ﬂvg‘ﬁfﬁg% éxpﬁul%éjge%sgfslev(ﬁlﬁ)' 818 1o BAE% WRWsstaSsidda and

to generate an ANC 0O ut =~ si
based upon the fit and to generate an ANC output signal.

10.  The ANC of claim 9, wherein the successive signal is a secondary signal.

11.  The ANC of claim 9, wherein the fit is also based upon a fit between a
15  difference between a previous primary signal corresponding to a previously transmitted pulse

and a previous secondary signal corresponding to the previously transmitted pulse.

12.  The ANC of claim 9, wherein the ANC output signal comprises:
an ANC output pulse with a sharply defined peak at a leading edge of the
ANC output pulse; and
20 a sharply defined dip at a trailing edge of the ANC output pulse.

13. The ANC of claim 9, further comprising:
weighting coefficient generation logic coupled to the RLS module for
computing weighting coefficients based upon the fit between the primary signal and
the secondary signal; and
25 weighting coefficient application logic coupled to the adaptive FIR filter for
modifying the ANC output signal based upon the weighting coefficients.



10. The ANC of claim9, wherein the successive signal is a secondary
signal. 11. The ANC of claim9, wherein the fit is also based upon a fit
bet ween awoXd/0dishs$ er ence between a previ ous primary si gnalpcararso@spendi ng to
a previously transmtted pul se and a previous secondary signal
corresponding to the previously transmtted pulse. 12. The ANC of claim?9,
wherein the ANC out put signal conprises® an ANC output pulse with a sharply
defined peak at a | eadi ng edge of the ANC output pulse; and 20 a sharply
defined di p at4.a tThd IANg of dRl@mofl 31 wheraCthsuwpightingilcgefficiens. arghmsed\NGpoit

claim9, further ristng:.. weightin oefficient neration | ogic coupled
Lo the RRMGSHALIBATETE oCBiimen, ot R Fivgetonshpl Yt s based upon the it
between the primary signal and the secondary signal; and 25 wei ghting

coefficient af)£I ication Igﬂgi c coupled to the adaptive FIRfilter for
nodi fyi ng t hel ANC Bag pINC ot ghaim Baddgroippdhe fihdetiesenhe myinaask fsigne] and ghe wo

01/ 04654&05@5)?%@6@%%&% u%(% %%aSthjagmﬁg\lﬁ:t_of claim 13, wherein the weighting

coefficien upo ase ‘and anplitude of the primary signal and
the secondary signal. 15. The ANC of claim9, wherein the fit between the

primgry signal and_th secondary signal is based Qn | east squares fit.
5 16 The ANAGf cThE ANEEo! ey LT, vheran thedeast %ﬁéﬁsé{; iy Fﬁcqlgteiéwmaawﬁaby
means of | i LS) type algorithm 17. A

conmput err-e?lggl gg%gﬂ#égﬁet%%?eﬁgyg{rggg%@i ng adaptive noi se cancel |l ation

(ANC) software, the ANC software conprising: code for detecting at a
primary transdycer,a transmt ul se and refl.ected .10 pul se and.

D oduc) ng. & o mard et PR B T Siarint adapioABe crastltion:
the tranN¢} ffvd, 98 AN safivagéisomprigngecondary signal ; code for
calculating a fit between the primary signal and the secondary signal to

create a |inear retogeifondetpgiingeat wepnimaryftrangducgr aitransmifted pujseiand @ refleqted
glr b@{y Zingnaﬂulselagxd%qu&insgefgﬁﬂm‘}l s‘i'éx%ll;i ty of points of the secondary
code for detecting at a reference transducer the transmitted pulse and
producing a secondary signal; |
code for calculating a fit between the primary signal and the secondary signal
to create a linear relationship between a first plurality of points of the primary signal
15 and a second plurality of points of the secondary signal; and
code for creating an adaptive noise cancellation (ANC) output signal by

processing a successive signal based upon the fit between the primary signal and the

secondary signal.

18.  The computer-readable medium of claim 17, wherein the successive signal is

20 the secondary signal.

19.  The computer-readable medium of claim 17, further comprising:

code for calculating weighting coefficients based upon the fit between the
primary signal and the secondary signal; and

code for adjusting the ANC output signal based upon the weighting

25 coefficients.

20.  The computer-readable medium of claim 19, wherein the fit is also based upon

a fit between a previous primary signal and a corresponding previous secondary signal.



code for creating an adaptive noise cancellation (ANC) output signal by
processi ng a successive signal based upon the fit between the primry

si gnal amaotohm46sgecondary signal. 18. The conput er - r eadablpeTrsdi/wamedf cl ai m
17, wherein the successive signal is 20 the secondary signal. 19. The
conput er -r eadabl e nedi um of claim 17, further conprising: code for

cal cul ati ng wei ghting coefficients basdd upon the fit between the prinmary
signal and the secondary signal; and code for adjusting the ANC out put
signal based upon the weighting 25 coefficients. 20. The conputer-readabl e
medi um of clajm 19 wherein the fit i | 0 S on. fit. bet n.a
previ ous pri an%?y Si lbeng?mglﬁgr 'Ffa@%brl? g’sef)%hngioﬁgd%gle\??’oﬁgerglgc@lﬁa%r 1§bosalséﬁ;§ °Two
01/ 04654$haRddd bepNtdde @bthe primddy sigh? afid theuseesndagagdghal.e nmedi um of cl aim 19,
wherein the fit is based upon phase and anplitude of the primary signal

and the secondary signal. 22. The conputer-readabl e nedi um of claim 19,
wherein the cul g L i figi i .

nmeans of a Igs't Sglllijéaggehsl&g[ %%??%%%E%%f%ﬁﬁ&ckﬁpﬁ%éy r%ggggpgfl%g)F% of
cl ai m 22weightmgecoeffidients esgqetfosmedbe meamd afar ledsh pquasesalgarithnsi ve | east squares
(RLS) type algorithm

5 23.  The computer-readable medium of claim 22, wherein the least squares

algorithm is a recursive least squares (RLS) type algorithm.



