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25 The problem with obtaining downhole measurements via wireline is that the drilling
assembly must be removed or "tripped" from the drilled borehole before the desired borehole
information can be obtained. This can be both time-consuming and extremely costly, especially in
situations where a substantial portion of the well has been drilled. In this situation, thousands of feet
of tubing may need to be removed and stacked on the platform (if offshore). Typically, drilling rigs

30  are rented by the day at a substantial cost. Consequently, the cost of drilling a well is directly
proportional to the time required to complete the drilling process. Removing thousands of feet of
tubing to insert a wireline logging tool can be an expensive proposition.

As a result, there has been an increased emphasis on the collection of data during the
drilling process. Collecting and processing data during the drilling process eliminates the necessity

35  of removing or tripping the drilling assembly to insert a wireline logging tool. It consequently



35 of renobving or tripping the drilling assenbly to insert a wireline

| ogging tool. It consequently 1 WD 03/050376 PCT/ US02/ 37856 allows the
driller twomaksi3accurate nodifications or corrections as megdsd2smssoptim ze
performance while mnimzing down tine. Designs for neasuring conditions
downhol e i ncludi ng the novenent and |ocation of the driIIing assenbly

cont enpor,anequs with the drill of the QWn as

eacur cion Naet it Ay medibuiene et PR N B P e 2

concent rakileginibiz@g dowi Afie TRRGHHE &mmhsuaﬁg tanditahs Maleammmghe cmannt y
or "

have been referred to. . .as "I ing while dril .ech

Whi | e di @EiloretPh th%&t‘mﬁswa@gaﬂge“t%“ﬁ%‘y Wlb@ tﬂ‘?d”lﬁ H%o{]tlhg E W%’W&Y\D

Of ten arg u&nednl ad emeaangrabiile- EF@lnmg"hetecpxurqpessesr oMWHI's Yingal asdingpes, t he
erm MAD wi be used th the und ndi n at th| rm,enco es

bt I hec BT BRE Cpf BTN LT AR e i phrid) AT RACAEDAS Y

i nf or mat ds0gek athua@mtl@g"ttmniqmsemmwmn Whpjesnsmnoonnscﬁetwem MWD add LMD mgy

assenbly. \Wen oi | s bor.e es a ei.ng dril

f r equent P ﬁ%%té%é\ﬂ%o?“d&e%t)@m gepygd "Heerf"leat“fgﬁaé@' %) reth e Sloggh%chﬁf]osure

i ncl i nat the ferafMWimewllr el Usedivith &mmnd@mhmgahmmlorens@ntdmaiassehbotmﬂse:nmcyoman

be steered in the correc t|on ormatlon

di
r equi r ed®dBTRAEPHPHATIFE a?‘ﬂa&‘ C%‘tn ‘tfh’gg 18? 5’%‘8% 5y har [VPagnt 2 (ﬁxmn % he
formati Oﬂﬂeanmleghgstmmyty, porosity, density and its rreasure of 15 gama
radi ation. frequently desirable.t
par anet er s, }}}5‘ ngli‘?é)ro Sﬁi?é?l%/t {eaPE b&’ﬂ%dt‘heéi ﬁtsgge&?ngly at Cessﬁ‘g %%eséra% % he
bor ehol edetérmtneeml:@n A0 e lihdtios oflant drill bitgad ditﬁtrﬁdleartotortshehdndtetasmmblfy cmhe
bor ehol e, is typically transm the surf.ace se_an Sis
by the lEif‘rti“fei“:élrm ﬂéé’ﬂgﬁﬁt QX%?PO‘E'/SE@:,I %g’r LIGriuAP R P earf%u"eggaltcelamﬁgh %'fe th over
end of téehesidid bahg ﬂlﬂgzdj ihchmhez&n&ylsﬁ'eféﬁlsmwm ﬂ)(eoﬂlty] ddnkingaridsitsi meapurrogf ess
t hese sensorsﬁéontl uou

or inter. tentl ni,t or redetermn
LT Derraranars Thdtpdret il SRy sTRC i frele i A ios e, 4
surface ted@.&r@@fdﬁﬁhdlﬁ’}é HesRe hahdbit of @t BdeEltd‘lQ{for'Eymlﬂa:ijqe thllselatelm/gghmteé at .
sensors e oye applicatjons are tioped.in a c ri.c ri
col | ar th‘gﬁ’ é“ﬁés}?etk?%ﬁ B HOPIE hyfrﬂ‘esmdttteid i ur a‘f‘hé"r el btyﬁtén

enpl oys &ilgystem of tel erretry |n whi ch the data acquired by the sensors IS
25 transmtted to a receiver ted on rface.. Ther r of
tel emetry sysgeé‘ﬁ%rs iohtrt“ﬁ‘g”cﬁ?s %1?“’ r¥e \tﬁ‘i?t(?(%t %Q‘SE‘W% eflflatgs}rlﬁ ?rll?s ' m ngrat

r egasdi ngseowniwalile d}amagmst eM Prafdesk cxhetslaeseﬁmsf a@einwbuisiyo uit 1nteteqltnn[ly rngomfoe use
of a wireline ca t hese,

th P | se s st em
wi del y u@é@?tert’&egrﬁ’é’t ling RefpLIELRY; a‘tdot% a%ﬁ’l ‘?né‘a HRY tf’el'WgorWﬂgo bif) %éursaﬁest em
of tel engdidcyorChyeabBs forae (blﬂStElieﬁl tr)pl’Pﬁﬁddﬂﬁ! fhie gidhole Nsehdves @ripldyedign MWD 30
that is ci rcuI at ed under ure g the dri ItJ s r| ng %ﬂréﬁﬁ%grﬁy i ng
oper at | offBHRE FRPONHES St CUREEeA Sracatn S P Ret e e o
transm t 8D kystémlithen nipldys Ml syGetahed 1 é)zhéffyt inOWIhlaf tHer @sssatgeiredobyl e sersorstihe nud
stream The information is receive a% bly a pressure t rz%hnsducer
and 25 transmitted to a receiver located on the surface ere are a numbe of telcmefry systems in the prior
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The mud pulse system of telemetry creates "acoustic" pressure signals in the drilling fluid
30  that is circulated under pressure through the drill string during drilling operations. The information
that is acquired by the downhole sensors is transmitted by suitably timing the formation of pressure
pulses in the mud stream. The information is received and decoded by a pressure transducer and
computer at the surface.

In a mud pressure pulse system, the drilling mud pressure in the drill string is modulated by

35  means of a valve and control mechanism, generally termed a pulser or mud pulser. The pulser is
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25 BRIEF DESCRIPTION OF THE DRAWINGS
A better understanding of the present invention can be obtained when the following detailed
description of the preferred embodiment is considered in conjunction with the following drawings,
in which:
Figure 1 is a schematic view of an oil well in which the telemetry system may be employed;
30 Figure 2A is an isometric schematic of a composite tubing section having helically wound
information conduits contained within;
Figure 2B is an isometric view of a tubing section having a wireline cable contained within;
Figure 3 is a schematic of the circuits that couple the telemetry signals to the tubing;

Figure 4 is a functional block diagram of a surface computer system;
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25  communicated to a logging facility 920 for storage, processing, and analysis. In an alternative situation
(e.g. a highly deviated or horizontal well), a threaded or continuous tubing string may be employed to
convey the sonde through the hole. In this circumstance the wireline may be run through the interior of
the tubing string or attached to the exterior of the tubing string.

Fig. 10 shows a cross-section of a typical wireline cable having multiple conductors 1002.

30  Each of the conductors is surrounded by an insulating jacket 1004. The insulated conductors may be
bundled together in a poorly-conductive wrap 1005, which is surrounded by two layers of
counterwound metal armor wire 1006. Being made of metal, the armor wires are conductive and
may be used as an eighth conductor. In wireline logging of cased and cemented wells, a single

conductor logging cable such as that shown in Fig. 11 may be preferred. The single conductor cable

35  typically has a single, multi-stranded conductor 1102 encased in insulative material 1104 and
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i ncl &de @saervléé T}‘;:asrup dpavebe coupled to downhole sensors vices configurab e to
measure and set, respectively, downhole parameters. Examples of sensors include temperature,

pressure, density, and flow-rate sensors. Examples of control devices include valves, variable-
aperture ports, heaters, and artificial lift devices.
Surface computer system 116 is preferably configured by software 120 to monitor and
30  control downhole instrument 114. System 116 may include a display device 122 and a user-input
device 124 to allow a human operator to interact with the system control software 120.
An isometric representation of composite tubing 104 is shown in Figure 2A. As the name
suggests, composite tubing 104 is a tube having walls 202 made primarily of a composite material
such as, e.g. fiberglass or carbon fiber, although other suitable materials are known and

35 contemplated. Conduits 204 may be embedded in the walls of composite tubing. To reduce the
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signal . off from the downlink signal by LPF 306, which blocks any signal energy above the cutoff
25  frequency of the downlink signal.

It is noted that the energy of the uplink and downlink signals is expected to be comparable
downhole. This is not the case at the surface, where the downlink signal energy is expected to be
substantially greater than the uplink signal energy. To prevent the downlink signal from
overwhelming the uplink signal detectors, a bridge arrangement is used in the uphole portion of the

30  coupling circuit configuration.

The surface portion of the coupling circuit configuration preferably uses an isolation
transformer 310 to couple to the telemetry signal conductors of the wireline or tubing. One terminal
of the secondary winding is coupled to ground, while the other terminal is coupled to a transmit
signal node 312 via a resistance R. A matching impedance 314 also has one terminal coupled to

35 ground and the other terminal coupled to node 312 via a second, identical resistance R. The
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310 puts the downlink signal onto the telemetry conduits and extracts the uplink signal, passing it to

HPF 322 which screens out any low frequency components. The uplink signal is amplified by

amplifier 432 and provided to an analog-to-digital converter (ADC) 442 on digital decoder card

414.

30 ADC 442 preferably provides the digitized signal to a digital signal processor (DSP) 444 for

filtering and decoding. DSP 444 is configured by software to perform bandpass or matched filtering

446 and equalization and timing recovery 448 to extract the uplink data symbols. The data symbols

are decoded 450 and the decoded uplink data is provided to processor 402 for analysis. Details of

the uplink telemetry signal format and decoding will be discussed further below.
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frame 60ganshbitted as four 4-bit (16-QAM) symbols. The quiet interval 604 is contemplated to be 30 words
25 (120 symbol periods), the timing sequence 606 is contemplated to be 20 words (80 symbols), the
training sequence 608 to be 126 words (504 symbols), and the frame 602 to be a maximum of 1024
words (4096 symbols). It is recognized, however, that other configurations may also be suitable. For
example, other word lengths may be employed, and the QAM constellation may be made larger
(e.g. 32, 64, 128, 256, 512, 1024, or more constellation points), or smaller (i.e. 2, 4, or 8
30  constellation points).
Data frame 602 preferably begins with two synchronization words, a data count word, up to
1020 words of data, and ends with a checksum word. The data count word preferably indicates the
number of data words. The number of data words per frame may be adjusted according to system
requirements and according to a desired rate of recurrence of the resynchronization and re-training

35 sequences. For example, if the number of data words per frame is 1020 in the above described
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bl ock 803perates to lock the receiver timing to the timing synchronization sequence. In block 810, the uplink
25 signal is equalized to correct for channel effects. During the equalization of the training sequence,
knowledge of the training sequence is used to adapt the equalizer to the telemetry channel. The
equalizer consequently exhibits improved equalization performance on the data frame. The
equalizer output is a sequence of QAM symbols. In block 812, the symbol sequence is converted to
a 16-bit word sequence, with proper alignment achieved from knowledge of the training sequence.
30  Block 814 blocks the extraneous words from the quiet interval, the timing sequence, and the training
sequence, and passes on only the data frame. In block 816, the scrambling operation is reversed, the
check sum verified, and the data count, along with the data words, provided as output. Referring

momentarily to Figure 4, block 802 corresponds to block 322, block 804 to block 442, block 806 to
block 446, blocks 808 and 810 to block 448, and blocks 812-816 to block 450.
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above provide for tel ene t hro conduits in wreline and conpasit

bt g VAP aPE et SB b L BIAGEL Gt oA BERB P TR PG RaT

tel enetripegRannel i s expected to have a range of up to 50,000 ft with an
attenuation of 40-45 dB.in he frequen ranges under copsideration. The
framing struchHPEOBRTEIBNARY a‘?‘{f“?)‘{]{i%af‘9‘3§6\‘1(7ﬁ¥’F°§’ﬁ§I P%e%gq téosgi@ﬁ?’@dﬁet%t B¥ovi de
regul ar | e R8BS didcRGurd RPRINY Wpdrédif&d. 1Ok idténdbd that @6 Yelkindlziak ibe intapted to
equalizer retraining. This is, xPected to significantly inprove the

reli &bi | Fobragsrallisheh Wﬁ?ti%kam?mgqa.‘orfst is noted that the telenetry system
di scl osed herein may have nultiple applications, including, for exanple,
smart wells. Smart wells are production wells that may have sensors and
control |l abl e mechani sns downhol e. The sensors may, for exanple, be used to
detect density and 10 flow rates. An uphole system may use this information
to operate the controllable nechanisns (e.g. variable aperture ports and
heaters or other artificial lift nmechanisns) to optimze the production of
the well. Nunerous variations and nodifications will beconme apparent to
those skilled in the art once the above disclosure is fully appreciated.
It is intended that the following clains be interpreted to 15 enbrace al
such variations and nodifications. 10 WO 03/050376 PCT/ US02/ 37856 CLAI M5
VWHAT IS CLAIMED | S:
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1. A nethod of communicating telenetry information conprising: grouping
data words to formdata franes; 5 transmtting a preanble before each data
frame; amwlotosassmé tting the data frames i nmedi ately after PCmaShE3eCt | Ve
preanble. 2. The nethod of claim1l1l, wherein the preanble includes a quiet
interval. 3. The nmethod of claim1l, wherein the preanble includes a timng
synchroni zati on sequence. 4. The h f claiml, wherein the preanble
i ncludes a training sequence. 10 5. thod of claim1l, wherein the act
of transwiHAT ISCLA®ERISA franmes includes using quadrature anplitude

nodul ation to i({rg)fress the data onto.a carrier.signal. 6. The met hod of

clai m 1, AUPEHEt Ol CORBHNEEg I FPERRABITAY 8 QYR I%ni zat i on word and a dat a

word count t oge@siie @tONGdOb fetal dtadenes; and appending a checksumto each
group of data words. f claim®6, further conprising:

15 7. Th? met B(ad of ¢
scrambl i ng eatHSHHIBRER RFAEPAt BFTRBFASE 89 "@BRGI i ng t he group of data words
with a mask. trésmitthgy etdotands imhadiately,aftbiuthé fegpeci@mpeantilang: recei vi ng t he

preanbl es;._ gener at | | ocal cl ock signal that is synchronized with a
Viming syreRRSa St SR s 2atendl Mgl iRees s AHBREE! and updat i ng
coef fi ci Brhs nethoadf @gapt, wherehithd @éanisd ingudeshtiading sygcs@tza@ng sqigncé.he
preanbles. 9. Atelenetry transmtter. conprising: a scranbler configured
to excl uiiT\;‘é-m(?fhoﬁa %{a'f“rlaﬁ‘égre\ﬂlit Wr?“@%’ﬂfﬁu‘g6?@5’”&58‘1“53%&at or configured to
provige # ToEartdal of Hghor, @hedimhhatat 6f tfananeing 2t datarfeches gichidexinglqediritaret he
preanbl e nerator to receive the preanbles. and coupled to the scranbler
YRl el & !

to recei PO R BPESS et B €18 nodul at or is configured to
modul at eg.tie niefeabiigism andthscdoaptitieg data frames to forma quadrature
anplitude nodul ated si gnal , erein the preanble is_.dentical .from
frame to fran%r?pe\?ém&@gmm@ﬁ’&‘?@fq?‘ tardﬁﬁs”Yﬁ”?foé'Bt t81¢g%lgé?%°§fig3\ﬁ'8rrd§’iaﬁ‘dt he
preanbl e i ncl agperding Schaekseth td datiegreay of dtatwdidsng synchroni zati on sequence,;
and a tJ(’1 i, ni nﬁgge? e.nc(g. 1. The telenetry transmtter of claim9, further
conpHi si al:he% R é'ﬁ‘mp Quthes OmRPSIRgnt i gured to bl ock | ow frequency
conponent s of sckdneb1iQAbACHigNAbf datnelordd By A LIAORO Fro6p HTTRIaUGRAY BitBOfHask.

8. The method of claim 1, further comprising:
receiving the preambles;
generating a local clock signal that is synchronized with a timing synchronizationsequence
20 in the preambles; and
updating coefficients of an adaptive filter using a training sequence in the preambles.
9. A telemetry transmitter comprising:
a scrambler configured to exclusive-or data frames with a mask;
a preamble generator configured to provide a preamble before each data frame;

25 a modulator coupled to the preamble generator to receive the preambles and coupled to the
scrambler to receive scrambled data frames, wherein the modulator is configured to
modulate the preambles and scrambled data frames to form a quadrature amplitude
modulated (QAM) signal,

wherein the preamble is identical from frame to frame.
30 10. The telemetry transmitter of claim 9, wherein the preamble includes:
a quiet interval;
a timing synchronization sequence; and
a training sequence.
11. The telemetry transmitter of claim 9, further comprising:

35 a high pass filter configured to block low-frequency components of the QAM signal; and
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an isolation transforner configured to couple the filtered QAM signal to
telemetry conductors contained within conposite tubing. 12. A well

conpri si Nyo oaosd3rel i ne cabl e tubing having a tel enetry comdwiusp2/578s6 sur f ace
system coupled to the telenetry conduit; and a downhol e i nstrument coupl ed
to the surface systemvia the telemetry conduit, wherein the downhol e

instrument is configured to tra el e tr |ont surface
syst em usi ng Pulatigh, JARRTAILE © ”fetdutf rrge [t f! Hg c{ Mot ﬁ/b q%r.neuﬁhe
wel I of claimi12, wher@irficdhhmebuisincQbbsitseding. si gnal constel | ation of 16
points. 10 14. The well of claim12, wherein the wireline cable includes
mul ti pl el e P ORRISBSnduct ors, of which one or more serve as the

tel enetry congwirélinetble fﬁbﬁg%@dnﬁg oflesleay oondidi;; wherein the downhol e
instrunment is co flgured to transnit the eI erretry information in data
frames, and whBFarsYEFa ° eé?t?ﬁﬁrﬂg AP SN eiEher sed with quiet periods.

16. The wel | @iﬁovﬁih@leﬁﬁsﬂrﬁmem&l’p%dﬂotH&QuﬁMY@dnﬁvmm}&ttelmm cdnéult;mhf:neguhed to
transmt the tel en&ﬁ@é 15 i nformat |
c

data frame is pre OIBWSEUW%&W%%L@“H]ﬁfaHﬂm Leyeﬁ’bnﬁm faméattlf’r(l)ﬁo “e’% ueaﬁ%e
17. The well of C|@’ist@in]ugmgMl’@tr(ﬁlbdfaﬁlh:&mqimwﬂhﬁio&ulhtnﬁlt(bulml\/l)S configured to
transmt the tele nf or I on_i data rei.n each data
frame isl%FE%%‘ﬁléﬁfr%mdzr‘é}?beé‘&{ga&émtQé Ry’ Sl%“@ﬁ ﬁtgléa%oﬁﬁ% Oie wel | of
cl ai o 15;4. whereillnofedsh Kiamex%fnatﬂe wirelisd &bk itludes phuitigé ieteytriodl conductors, of
synchroni zati on words, eﬁa count field, a plurality of data words, and

a check WBFf }Honel%moﬁﬁr‘ﬂﬁéis SRUYiCAIES: wherein the downhol e instrunment

i ncl udes)AThé 3AB BT tlaiRal ) wharéinnge aowrmbeammmegem ecﬁrﬂi‘gmfed wmin'sgimmltetemetry
transmt a preanble hefore e ch.d

t
wher ei n NFREMpLONR AR ITames,and efﬁﬁ‘é‘g aata &P*aessaé? Q%ﬁpgrfed ‘?S‘Hf ‘?ud% PEL %raoadtS 0 conbl ne

25 dat a fg grewdabacMed d5 wikleh tae aasr{hoteonsmanﬂmm Zénfighed dc&trfmsmrthlsteleﬁlttry The
wel | of claim 20, vvherelnthgtransmgln Elncues direct
fdu aéﬁ 3

i
synt Kesi SfraiAtaitofats (ames G edherd (7 2PRdS PIFEIFE) a2 dEPEHY rtﬁn n‘%m ng
quadr at usRcabmtdtiobeRuereeul ation. 22. The wel | of cI aim 21, wherein the
transmt _ path includes a hi i|ter cou e
digital ﬁrﬂ‘ﬁé@]]é’ ﬁlﬁﬂhll%ltw&fﬂ% %W?hé’k ’5?5”8‘3” Fﬁ TgBrre\fl\lrg?ga etfge [Fﬂqe&?;\ell
of cl ai MpZPmatiiemeddta fhResS Uhd ateresy 8dck NMatanfirhkd &Spragedep by nkrespectdievieaipag h

having: a timng recovery nodul e configured to generate a clock signal
| ocked t¥9%"%-mi ng synchronizati on sequence precedi ng each data frane in

the t@l enetrhy weil 9nahim B9) waelaiptehoheda@fvithd cbasiste Ofd plgHalig e synchijpaiaitenfvdrdser
coefficients in response to trai ni ndgacheg(cl,v 2nce pr ecedi ng each data frane

in the t@ﬂégwupg,ﬁ(gql Qr?&irahtl_fl_?f d%ta words, an

19. The well of claim 12, wherein the downhole instrument includes a transmit path having a
preamble generator configured to transmit a preamble before each data frame.
20. The well of claim 19, wherein the transmit path includes a data scrambler configured to combine
25  data frame data words with a mask to randomize the data words.
21. The well of claim 20, wherein the transmit path includes a direct digital synthesis modulator
configured to modulate the scrambled data words using quadrature amplitude modulation.
22. The well of claim 21, wherein the transmit path includes a high pass filter coupled between the
direct digital synthesis modulator and an isolation transformer.
30 23. The well of claim 20, wherein the surface system includes an uplink receive path having:
a timing recovery module configured to generate a clock signal locked to a timing
synchronization sequence preceding each data frame in the telemetry signal;
an adaptive equalizer configured to update filter coefficients in response to a training

sequence preceding each data frame in the telemetry signal;

12



WO 03/ 050376 PCT/ US02/ 37856 a fram ng nodul e configured to strip the timng

synchroni zation sequences and the training sequences fromthe telenetry

signal ; awo em/osesser anbl i ng nodul e configured to conbine tireTdsva3f8s@NES

with the mask to reverse a downhole scranbling operation. 5 24. The wel |

of claim 23, wherein the tim ng synchronization sequences and trai ni ng

sequences are _repeated at |east second

conprising: & fraping grodyle F?f@g’t‘rﬁgfo %% é‘ﬁ&‘ém? 80}50%“Pn f)eguencesaan (t)% T

i nﬁf rumrslnt mount g%e@ﬁ&n@esmmhe RRehcOF sifzie; alhdbl ng string; and 10 a wireline

cabl e that exten al ong the tybin r hanlnerlrsace

wherein the USRHABPES TRy elﬁ?é’ﬁ%ur? to Cc?fﬁbi gdé ‘gf‘%t AP AN lghrﬁthf ton%f/ﬁfa

Lﬂformat: on to an dbp@ﬁéle s@4tbl g opérgtidnubi ng string via teI erret ry conduits i n
e wireline, ur st drature modul a

The viel 1240 RVal S Aanabar e F PR e e St e e

el ectri C@beafé@@d]dﬁ‘s'&mﬁmeso‘ferseﬂ;&qd\l\hl ch one or nore serve as the tel enetry

condui t. ZZ The wel | of claim25, wherein the downhole instrunment is

conf i gur%sd 4 PTREME the telemetry information in data frames, and

w?ertal n tgg d@m%&ngg@ﬂ?ﬁmaeg@nuﬂh@raw@ww with quiet periods. 28. The well
of claim erei n. the downhol ru confi ur d to transmt the
tel emetry i nf SOk FRUTHRER Sognte % ?rﬁr’go\%\ﬂ’@?‘@“?? ata . frane is

precgded by & WREIRRGHBIY Enat exmanﬂgaloagthsymﬁgrMgzmtdu@marsmmenmce 2Bereifitte wel |
of claim25, wherein the downhol e | i

ment is ¢ i ransmt the
tel emetry i nfor mefq"BHOIE ANSHHEN I § ’sguregﬁ?i “\?Wé’?%feﬁ ggﬁn LV lorfltxaﬁ%uli)pser
preceded by a resp&@t bivenet trualngllsmﬁhg Sﬁqtd:&ﬁ‘rﬁ:&y Aduifhia el Wirdfec hsihmbaidt
wherein each data frame co FEI sts g M of synchroni zati on words,
25 a data count fi @t JEpRIHULE “létf“’rg‘ st s, and a check word. 13

26. The well of claim 25, wherein the wireline cable includes multiple electrical conductors, of
15 which one or more serve as the telemetry conduit.

27. The well of claim 25, wherein the downhole instrument is configured to transmit the telemetry

information in data frames, and wherein the data frames are interspersed with quiet periods.

28. The well of claim 25, wherein the downhole instrument is configured to transmit the telemetry

information in data frames, and wherein each data frame is preceded by a respective timing
20  synchronization sequence.

29. The well of claim 25, wherein the downhole instrument is configured to transmit the telemetry

information in data frames, and wherein each data frame is preceded by a respective training

sequence.

30. The well of claim 27, wherein each data frame consists of a plurality of synchronization words,

25  adata count field, a plurality of data words, and a check word.

13



