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fact that the data transmssion rate is substantially higher in'the
downst r eam dicPwieXs &fi Rhone systern,ithe downstream dlrecuon is defined as transmissions from the central

25 - office (typically owned by the telephone company) to a remote location that may be an end-user
(i.e., a residence or business user). In other systems, the number of tones used may be widely
varied. However when modulation is performed efficiently using an inverse fast Fourier
transform (IFFT), typical values for the number of available sub-channels (tones) are integer
powers of two, as for example, 128, 256, 512, 1024 or 2048 sub-channels.

30 The ADSL standard also defines the use of a reverse signal at a data rate in the range of 16
to 800 Kbit/s. The reverse signal corresponds to transmission in an upstream directjon, as for
example, from the remote location to the central office. Thus, the term ADSL comes from the
fact that the data transmission rate is substantially higher in the downstream direction than in the
upstream direction. This is particularly useful in systems that are intended to transmit video

35  programming or video conferencing information to a remote location over telephone lines.
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| binder are synchrenized and time division duplexed such that downstream communications are
not transmitted at times that overlap with the transmission of upstream communications. This is
25  also referred to as a (i.e. "ping pong") based data transmission scheme. Quiet periods, during
which no data is transmitted in either direction, separate the upstream and downstream
communication periods. For example, with a 20-symbol superframe, two of the DMT symbols
in the superframe are silent (i.e., quite period) for the purpose of facilitating the reversal of
transmission direction on the phone line. In such a case, reversals in transmission direction will
30  occur at a rate of about 4000 per second. For example, quiet periods of about 10-25 pis have been
proposed. The synchronized approach can be used a wide variety of modulation schemes,
including multi-carrier transmission schemes such as Discrete Multi tone modulation (DMT), as
well as single carrier transmission schemes such as Quadrature Amplitude Modulation (QAM),

Carrierless Amplitude and Phase modulation (CAP), Quadrature Phase Shift Keying (QPSK), or
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- With high speed data transmission, the radio interference (noise) produced by amateur radios or
25  other sources can significantly degrade the desired data signals being transmitted over twisted-pair
phone lines.

Hence, the problem with using twisted-pair phone lines with high frequency data
transmission rates, such as available with ADSL and VDSL, is that the radio interference
becomes a substantial impediment to a receiver being unable to be properly receive the transmitted

30  datasignals. Thus, there is a need to provide techniques to eliminate or compensate for radio-
frequency interference.
iscl v

Broadly speaking, the invention is technique for removing radio-frequency noise from
received signals by adaptively estimating the radio-frequency noise during data transmission
35  using information obtained when no data is actually being transmitted. Typically, the transmitted
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subtracting the noise cancellation signal from the differential signal to produce the noise-canceled
differential signal, and an update circuit for enabling, at predetermined times, modification of the
parameters of said adaptive filter based on the then existing noise-canceled differential signal.
In a synchronized DMT system using time division multiplexed data transmission in
25  which the direction of data transmission for all channels switches direction periodically, and
between each direction change there is a quiet period in which not data is transmitted in either
direction, a receiver apparatus according to the invention includes: a transformer having at least
one input terminal coupled to a transmission medium, an output terminal for outputting a
differential signal, and a common-mode terminal for outputting a common-mode signal; a radio
30 frequency noise canceller for canceling certain radio frequency noise from the differential signal to
produce a noise-canceled differential signal, and processing circuitry for decoding the noise-
canceled differential signal to obtain the data. The radio frequency noise canceller includes at least
an adaptive filter for producing a noise cancellation signal by filtering the common-mode signal in
accordance with filter parameters, a subtractor for subtracting the noise cancellation signal from

35  the differential signal to produce the noise-canceled differential signal, and an update circuit for
4
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FIG. 2 is a block diagram of a radio-frequency (RF) canceller according to a first
embodiment of the invention;

FIG. 3 is a block diagram of a detailed embodiment of the update circuitry and the

30  adaptive filter of the RF canceller illustrated in FIG. 2;
| FIG. 4 is a block diagram of another detailed embodiment of the update circuitry and a

portion of the adaptive filter of the RF canceller illustrated in FIG. 2;

FIG. 5 is a block diagram of a RF canceller according to a second embodiment of the
invention; and |

35 FIG. 6 is a block diagram of a RF canceller according to a third embodiment.
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25  Although the radio signals produced by the noise source 106 may be useful signals, to the
receiver system 100 the signals are radio-frequency noise. The radio-frequency noise produced
by the noise source 106 is received into the receiver system 100 because it undesirably couples

into the twisted-pair lines 104. The radio-frequency noise can also be referred to as radio-

1

frequency interference.

30 The transformer 102 includes an input side having the twisted-pair lines 104 coupled
thereto, and an output side for providing a differential output signal (v,) 108. The transformer 102
also outputs a common-mode signal (v,) 110. The common-mode signal (v.) 110 is preferably
obtained from a center tap on the input side of the transformer 102 with reference to ground
(chassis ground). Alternatively, the common-mode signal (v,) 110 could be obtained from one of
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: updating the internal filtering parameters dunpg these breaks allows the RF canceller 112 to adapt
- rapidly to changes in the radio-frequency noise.
25 FIG. 2 is a block diagram of a RF canceller 200 according to a first embodiment of the
invention. The RF canceller 200 is one of several implementations of a RF canceller suitable for
use as the RF canceller 112 in FIG. 1.
The RF canceller 200 includes a subtractor 202. The subtractor 202 receives the
differential signal (v,) 108 and outputs the noise-canceled differential signal (v,) 114. Preferably,
30  the subtractor 202 is an analog subtractor. The RF canceller 200 also includes update circuitry
204. The update circuitry 204 receives the noise-canceled differential signal (v,) 114 and the
update control signal 124. The update circuitry 204 operates based on the level of the update
control signal 124 to pass or block the noise-canceled differential signal (v,) 114 from being fed
back as a feedback signal (v,,) 206 to an adaptive filter 208. The adaptive filter 208 receives the
35 common-mode signal (v.) 110 (more generally, a reference noise signal) and the feedback signal
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r adi o- f r eqhensesthe piferencempise signal (v,) 110 is effecnvely uncorrelated with the data signals (as well

as the noise-canceled differential signal (v;) 114). In the case of VDSL, the update control signal
- 124 would operated to allow the adaptive filter 208 to adapt to the then existing radio-frequency
25 noise during the “quiet period” of VDSL transmission which have a short duration of about 10-
25 ps and occurs during synchronized DMT (SDMT) about 4,000 times per second. Even so, it
is believed that updating at a rate of 2,000 times per second in such a situation is likely to be

sufficient.
It can be mathematically shown that updating the internal parameters of the adaptive filter
30 208 can be performed during the breaks. In this mathematical proof, the adaptive filter 208 is a
constant complex gain w. The differential signal (v,) is
vy=85+k,-n
~ and the reference noise signal (v,) is

v.=ky-s+n
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begins, this would not 10  operate properly because the naturée of the
ﬁﬁ%cﬂ!\ﬂﬁ%

typi cal RF sofharanteeson every lige andds letfrom a sransmission (npt RFcan¢edler) (on
the order of mﬁoi,ﬁvery 2 mnutes), thus likely rendering the noise
estimate faulty. It is also conventionally a problemto generate a
reference signal f#icanalsobeshowrthat thonbise tanceller 200 wilbconytrze ¢al amaveragehalue of w=k

{ Zg ;IOV‘;& 2‘3)” eNFapHRLS Surdil tht M8k pelisst, 0k L)Pantlp € VBSA i naall..ésaspleliegr%-Square (LMS)
algorithm. Namely, assuming that the radio-frequency canceller is updated once every VDSL
- superframe (thus using only one of the silent periods within a superframe) with the LMS
algorithm. This updating instant will be indexed intime by k. The LMS algorithm (described in
1. R. Treichler, C. R. Johnson and M. G. Larimore, “Theory and Design of Adaptive Filters,”
25 John Wiley & Sons, New York, 1987(hereafter Treichler et al.)) is
& =V, ~w,. Veu
Wiy SWytleg, oy,
-and will converge to an average value of w = k_ if updated only during the silent periods.
| FIG. 3 is a block diagram of a detailed embodiment for the update circuitry 204 and the
30  adaptive filter 208 of the RF canceller 200 illustrated in FIG. 2. As will be seen, apart from a
subtractor (e.g., the subtractor 202 illustrated in FIG. 2), the circuitry illustrated in FIG. 3 is a
detailed embodiment of the RF canceller. Hence, the circuitry illustrated in FIG. 3 will be

described as a RF canceller 300. As inputs, the RF canceller 300 receives the noise-canceled
9
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pCr/ Uso7/ 06piReRl g 374 fs then gl fogesher wich thejp ghasp commapymods signal (v.)
coupl i ng coB812 by a estond mukdplier 326.t Tiee suaphitef thecsgemdayultiplies 826 is an in-phakenaiser or
signal e is_, e =v[err]- w v[err]=(l -w kd)

s+(k[err] - wjiepel 328. e (1) From Equation 1, a good setting
for w can be i nf The RIF daficdlier 300-alsd inchadles althird @ultiplies 330) Aheahird nivitiplier 330

(() \L/I'E glrj'; ] z)a the n @ﬁlﬁcﬁagﬁ? g?‘;{,%?ﬁ%?gnﬁ 306 tbggﬂ?érs\%fhc e gt?id?éjmrglcmn%o%qx%bgé sigrlug ?\?JQ)
316 to produce a quadrature signal 322. The quadrature signal 332 is supplied to an integrator
334 that integrates the quadrature signal 332 and outputs a quadrature gain adjustment signal 336.
The quadrature gain adjustment signal 336 is then multiplied together with the quadrature
- common-mode signal (v, ,) 316 by a fourth multiplier 338. The output of the fourth multiplier
25 338 is quadrature noise signal 340.
Further, the RF canceller 300 include an adder 342. The adder 342 adds the in-phase
noise signal 328 and the quadrature noise signal 340 to produce the estimated noise signal (v,)
210. Also, as mentioned above, the RF canceller 300 would then subtract the estimated noise
signal (v,) 210 output from the adder 342 from the differential signal (v,) 108 to produce the
30 noise-canceled differential signal (v,) 114. The resulting noise-canceled differential signal (v;) 114
is then substantially free of the radio-frequency noise. |
Although the RF canceller 300 includes two multipliers 326, 338, in general, more could
be needed if taped-delayed lines are used. More particularly, if taped-delayed lines are used, then
the phase shifter 308 would be replaced by the taped-delayed lines and the circuitry (previously
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e[err]= V[err
Werr] =Wer rt}mlpphar]318[aed the iftegrator[322 of the RF canesilér 300 illustmtcdaitﬂﬁ(i 8. Hence, the

Fl o g 15, il sk G 4R b B e fho; oS pisiPe oty pendpe
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in FIG 2. As w een ubtr, e
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illustrated @cFIG 3 wll descri bed as a RF cancel

inputs, the FBeBQiSEANPRled éﬁsrqﬂeﬂémls(vt) Hd4the sommenynoedecsignal (v 1 i (more generally.
9 20  areference noise signal), the update control signal 124, and a clock signal (CLK) 402. The RF

canoeller_400 includes a switch 404 controlled by the update control signal 124. The output of the
switch 404 is either a null or the noise-canceled differential signal (v,) 114. The output of the
switch 404 is an analog feedback signal 406. The analog feedback signal 406 is then multiplied
- by the common-mode signal (v,) 110 by an analog mu]tipliei' 408 to produce an analog in-phase
25  signal 410. A capacitor 411 operates to filter or block out DC signals from the analog feedback |
signal 406. The analog in-phase signal 410 output by the analog multiplier 408 is then forwarded
to a delta-sigma analog-to-digital converter 412. The delta-sigma analog-to-digital converter 412
converts the analog in-phase signal 410 to a digital one-bit signal 413.
The delta-sigma analog-to-digital converter 412 includes an adder/subtractor 414 which
30  subtracts a feedback signal 416 from the analog in-phase signal 410 supplied by the analog
multiplier 408, thus producing an adjusted analog in-phase signal 418. The adjusted analog in-
phase signal 418 then integrated by an analog integrator 420 to produce an integrated analog signal
422. The integrated analog signal 422 is then forwarded to a one-bit analog-to-digital converter
(ADC) 424 which outputs a digital signal 426. The digital signal 426 is then coupled to a data
35  input terminal (D) of a flip-flop circuit 428. The flip-flop circuit 428 receives the clock signal
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common-libde smt@wHM mas@as ithe] r)m%@ncde@dlﬁﬁtmaamgm}'(vf) 114, the SWMBW@S&N th&20.

The i n-phase Qi Lied to eqr at or hat

Mt egr at oo SRl it eish a3 6 G insSisatbP ol 1o Hif Bheliriboyalch, s e imegrator
aﬂj ust rant ?Mz] rataedsha &iﬁtdrﬁc Q.ESSB-bﬂadﬁﬁntcr) and counelj the adjasiéd dig na?aignama évera
then nultiplje totervmtter ase ¢ e s

312 by a soEBRR jce parmeig ANt RN 498 e é@esr&rﬁﬁﬁﬂﬁpﬁ ek ygrascthe
an i n- phasepaamefr mfonnano‘ﬁ'(ﬂﬂﬁit fréfithe digital mtegrator 442%1@?0&&%?‘6 RouR00
alsolncludesathlrdrrultlpller 330 ‘ﬁ'u t hi drrutlpler 20

mul ti pllides wreesap@d toghe rreehﬁgaeﬂneﬂgmrensssnﬂ 3gd anbbe srapphpdttﬁéhwatmmﬁ% in

common- nodeggganal  (Verr) . 316 to produce a quadrature signal 322.
The quadrature si gnal 332 is supplied to an integrator 334 t hat
i nt egrat es the q@uihepthechandgwhen 8@ 3witoll404iismot passing) theaoisewancelgd differential

hen mut o1 pristl e dfithe swih 44D HasClH B BjubieR iy 438 R Mg R IR etk A4 1o
(Merr]) 3léhibgase, theswitth 440 it rezkiving tBS8ata EHgg;ltwb@mt:owfed‘. I'Fhefdigital intcgrttcr)z ?::r

| t [ 25 338 dr at
The RE 2 Bperates 36n comit orie o, 2:biktamiisn pnd Sruns A adiusisd digitel signpl.439 S 3 Hlven
no It se tSI gnalpeﬁé’(ﬁtoapiddﬁob?)([g uﬁfdétaﬁfdﬁﬂaﬁwmeths wlafseeé&célmﬂsmd'uhewﬁffset
esti mat e nolr se s V]| e S nmen
RE cancel | 6 AGUOARRH dhe diEwal sbaraigr 044 is sumlic et Bighmigpis mitpher 408 Ry

(v[err]) 2 1%@%&9& a FO O teDEIREt sighal 436 acbitdatict With Ry é16¢k Sigtil 302.( Mikhis
108 to produce

way, durmg reception of data, the DC offset canceller 432 is active to cancel any DC offset, and
25  during update periods (not receiving data), the DC offset canceller 432 is deactivated.
The digital one-bit signal 413 output from the ADC 412 (and possibly the ADCs 310,
314) is are sufficient for adaptive updating preferably using what is known as the Signed LMS
Algorithm, described in J. R. Treichler et al., |
& SV — WV
30 ' Wiy =Wytlieg, osgnfv, ,}
which converges to the same setting as the LMS, except more slowly. The Signed LMS
algorithm is actual!y' implemented twice, once for in-phase and once for quadrature-phase, the
same error signal e can be used both times. The slower convergence with this one-bit Signed
LMS is an acceptable tradeoff of the reduced precision, especially with as many as 4000 updates

35  persecond for VDSL based SDMT. The essential extra cost is the multiplying DACs, which
12



30 noi se-cancel ed differential signal (Verr]) 114. The resulting
noi se- cancel | rential signal (v[err]) 114 Is the
substanti al I@g’fys}@é&gf t he radl o f requency noi se. Ia'(:Tﬁfstgf.lwug

coul d Ca”“"‘%%"%i*@@e%’@ﬁ%” el M P UEDACH ploferolAb A E] SnplfEsfoe

i f taped- del coyrparéd with l&rbet &mlammageSOfmCSBMbmgl&eshl fter 308 would be

repl aced by the tApegle ARl ANEAA G5iba) Shrc? o & fblehyickdbid 4 5412 penvatue spread.
PCT/ US97/ O;SS&E { cllz Tmlclﬂéwgdgﬂfgﬁ-efgeﬁwﬁdie spireddisowstonbérgéence asd axwﬁmgteisrd?namw
coO onents WwWou [ OVl de or ,eac e e I ne

S oaP RS Lo g nosgg of WE&W&%%@ BrFesis This problom.sal Db eltmumayed pceither ustng

cancel | er acgf éib recxsxon. edkgd (38e 1.'M OO0t Limfsd PRci{dnFHicASn Adaptwe Fxltenng,
i npl enent ati on, igital inplementation or some conbination -

The mul t | pI i Spesi a},iq;ue oBIEE, Tragsastions,on CirewitsandSysiomson Adaptive EIan, Jlﬂy 1937 or

digital - la%gnﬁ d
determ ned bt));rmﬁegu%%lllyl ng or the acfgptl\%@{ ve N?{CI@L w’&%ﬁ%%ﬁﬁy
i nput woul d teesuperflubas whemla Ditofficeheancelierigsed su¢thastithe DCxsffset caneéliey 43D described

mul tipli 6at|§0n of the two inputs which is also digital. Wth a digital
adder as“t he®®d%er 342, the : RF cancel l er 300 may al so include | ow

pﬁss filters pri oFIG. Glﬁhb(lj&??ﬁgrﬁﬂﬁfamhﬁﬂﬁll&?%ﬂf(ﬁidc]&)ﬂﬁ folzC becbiid emBbdinRait of the
t he |nput nQjJ se-can | er Sl gha err

FIG 4is a 'BV%?ndﬁ'ggi’-i’ %F%g%@\% im KIG. émﬂmm@m todthe, B napcellers
circuitry 20fisciRskd in previowd eﬂ%ﬂhﬁéht.@ Exéé%?ﬂﬁ@ﬁa%é ¥Bbbditkfy 1118&&:? in'H16. Kthe RF

canceller 200 illustrated in FIG be seen, e circuitry

i | lustrated a8 leesomopﬂgate&wna@lyén meq@méﬂmamn@em@mmweqmmoﬁm

;[Ihfust rafed | n%n&%&@@ Y ESI%& agiﬁﬂﬁrg'&l ?Zé g%‘f'h%% %&oﬁ?ﬁﬁg{:@mx Oﬁ?m the

descri bed asdlﬂ'mmlsmnabﬂv;)dosmprodnmh«nsmgmekd dxffdwmalﬁgﬂ@b,) 114. Howpver, to
th | t f that d i bed t

enbod nont s Producs P dstmiica e i i Kbspnies mantergiven i of e,

one side (i ncapbellees mlhilgl')—spbdﬂhacﬁﬁnnmm%ﬂmeamgmf' cant akttRinPéf signal ProcBsin

mul tiplier 326 to the extent illustrated in Fl 4,

cancel | er ,400,
recei ves FP"C:RW JEAUEEddi fferential signal (MVerr]) 114, the

comon- gode  si gnafhe RE esrickiler’sh0 ifdiEtes aGeMeicar EfeRnBA
signal), the updat e controler5| grllal 122 and Sg%gv%%hsrr&: th?éCLK) 418{!2]% (ve)

RF bmfmmbesstunm BQise sxgna! 619)121Qip|mdmy theineisgreancaled
SO 11 21 M 00 e L i 4 i
analog-to-digital converter (ADC) 504 which produces a digital no:se-canceled differential signal
- (vg) 118. The digital noise-canceled dlfferentlal signals (V) 118 is then supplied to a digital
25  signal processor (DSP) 506 as a feedback signal. The RF cancelier 500 also receives the
common-mode signal (v,) 110 (more generally, a reference noise signal). The common-mode
signal (v,) 110 is converted to a digital common-mode signal (v;) 508 by a analog-to-digital
converter (ADC) 510. The digital common-mode signal (v,p) is then supplied to the DSP 506.
'The DSP 506 then performs the operations discussed above in previous embodiments (e.g.,
30  multiplication, addition, subtraction, integration) to produce a digital noise signal 512. An analog-
to-digital converter (ADC) 514 then converts the digital noise signal 512 to the estimated noise
signal (v,) 210. _ _ ,
FIG. 6 is a block diagram of a RF canceller 600 according toa third embodiment of the
invention. The RF canceller 600 is similar in design to the RF canceller 500 illustrated in FIG. 5,
35  except the subtractor 502 is now a'digital subtractor 602, an analog-to-digital converter (ADC)
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switch 404 is an anal og feedback signal 406. The anal og feedback signal 406
Is then multiplied by the common-node signal (V[err]) 110 by an
anal og nmul tiwoisemossD8 to produce an anal og in-phase 25  si greQT/USSO06381
capacitor 411 operates to filter or. block out DC signals fromthe anal og

f eedback conve@.t@qw@pem%he qifercatial signal (v pl08de a§IEg‘ﬁb’I’E"@iD"QM9}§‘md1Wltsth°W
anal og nul ti ﬁ\ﬁgrg t %n?ﬁcl ge&gg

anal og-t o-di gl fﬁ{dtggﬁl\l/del l1‘52](&,T e tacss)|584naﬂgna 0g-to- mnuf this
converter 4kmbodiment oﬁﬁnmuom is@n@nutehgdlgnalphﬂméxmngnhshmd@be notad thatythe ahalog-
one-bit sig 0

converter 413 glfonertr (ADC) 604 in e i SnbiRfief{oilé Begfio Gt buer signa

f eefj back5si gamge (ﬂé.ﬁnﬁ)mlﬂtsb b&aamhegadlmfrﬁmﬂq' ﬁo:gr(aloné Withshediffersitiblsigia (v,)
anal og

si gnal 418. ‘pﬁglél o g@é 'cftﬁ %eognu 08-‘8&@?#5'? ed(ﬁ‘%é:a)tqﬂ’gnl lnnltoegrat ed

by an anal og int enfe%eoedé’&nbéa mmﬁ&lkﬂhﬁgmwu&ﬂ%%@'&% different

422. The integrated anal og signal_422 is then Torwarded to a one-b

anal og- t o- di¢Hf Im‘?}ﬁh%ﬂ’?@?"en on. For(e)swlemthm t@ﬁ!%ﬁ@“dﬁdﬂ‘g@%ﬂ 506 way |

426. The di t ot I
(D) of : fIlgipl) f ophgl rcult HE%nB%FWLWOp Cl rcw %%rel:g?\ljes ﬂ](ran e

cl ock st@Qnal Radio-frequeny eanceliaEion, in concept, can theoretically eliminated any number of

the digi tal Tedigfmesesy Seibs RS pfm r5qBimb T loag s ey i ERFreRtiFeatonsie 15,

The out put tGengiallg) thé RF cahcdllesisfal lduIiIi 611 @&séﬂ&dﬂdélkhhr&i can@isoirtdilce efBsthlkinoise
si gnal 413. Th?staﬁgxgltal 0 e |t Si “&1? coul d the integrated as it

be
corr esponds 'F pgh only %ﬁ% §2@“al%%§9’gf’a‘“‘yt"a? ed-at @Ry gIYER ¢ o
provi de the eller 400 with a DC offset 5 cancel l er 432 for
renoval bgf any DC offset on the di gital one-bit signal 413.
The DC bPfset caqumnmms may vatydsom @ vanumpleeaageler that ophyreduges the level of one

bt t ﬁlbe@&th I
223 {gcplrggu@%lpgiﬁ Jﬁ lgstgzagl gﬂﬂ%g?gtﬁg\{'ﬁ%g}ﬁrﬂﬁgﬁhghh adj uste glnflal
signal 438 uatetfmnmsts vm de in this inplenentation. The adjusted digital

[ | 438 . oind 4 ' th
ipdate cont rol sii OFBopmigy SFheleinuibhl 5tin R chiBlict da Elicbtain i '
noi se- cancelfesjuendyfof tleRF aiterfsrencal If(thé eoupling ﬂ:(imfi,’icltﬂttdtc B fumtquﬁ fiequeney, thisds &,
dj ust d I t al. 442 .
ol emepat {6 hO W gk WPRrEdg e bgrormately G ﬁe%gmreeegy B ing i fregpency

(e.9., a 12-rvise. daoktice Frequichties Whbiethérd & riativtfrdueh lﬂoﬁb thé gaRtllcr3en emee some

gi ven period,to produce pararre er information 443 fo he a t|ve fi.l
208. In ot heﬁ'g%&ﬂ"dgf' orerﬁ\mﬁeaiﬁe& of other neisstn AR lw&& pllapiive d Igm}ﬁlter

digital int qgfpfén% Wt Ao ef(mbneme mwahﬁ»&w%um 0P bé &ﬁsmémﬁﬂe& E@nstant

‘i n-phase galn adj’ustrrent Sl g e su ed to the multiplier
in (hut mather an entire filter response. However, low-complex:ty realizations that avoid the full filter
25  may be attractive or desirable.

Further, although the above-described embodiments are well suited for data transmission

. over twisted-pair phone lines, the invention is not limited to use with twisted-pair phone lines.

For example, the invention may be used in cases where the data transmission is over coaxial

cable, where the center conductor carries the data signals and the shield (with reference to ground)
30  operates as the noise reference signal. |

One advantage of the invention is that the estimate of the interfering radio-frequency noise

is not only very accurate but also adaptive because the estimation is updated at predetermined

times during data transmission but when there is actually no data being transmitted for brief

periods of time. Another advantage of the invention is that the radio-frequency noise is removed
35  atthe frontend of areceiver. As such, the radio-frequency noise is removed before it can saturate
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On the other hand, when the switch 404 is not passing the noi se-cancel ed
differenti al signal (V[err]) 114, the switch 440 passes t i d

di gital signaM g@mggga digital integrator 444. In this.ﬂgggﬁg#ﬂégﬁ
switch 440 is t dabe : . ed. hois .

i nt egrator 443““3‘8&“’3&?‘%’ gg as amé%tr}ﬁl[ ré%:&{a-e ﬁ@?@éﬁg&ﬁsp I‘E%Bflklgr 9@*‘ %’r high s
count s t he adgatatteasmissjon athess mdial mttﬂarmcemoasegpmduned by amapenr ratiog or qlhm’d;onmes

e on e Aebride X, choR el e s licah) SRkt and BReiee] Mataprppls e fpamsmitied.

nul tiplier 446 whi ‘dbmmonl aSkpiRdr. sepatamr@;s;ﬂxc&wn GQISOIEBOOH&I%I)SI gr1995 2530)ohn
in accordance with the clock signal 402. In th

reception f defeBinghamand EPf'l?ég ighgrely !“E?Tpﬂg‘ieq by rgferenge. %@ﬁ% QPRfﬁlet alay ‘Analog RF
ff 1/
of fset, and 2@ancéimdmmm ' EhérRAA mhar§% pgséﬁﬁe gAngi)hﬂﬂ?%{s oggt

_canceller 432 i s deactivated I't signa
out put from't H@bmmomlﬂpﬂlﬁdlﬂﬂﬁsﬁ hergbyt incorpoated byeference hereidi4) i s ar e

S Rk SO T S iy o g i

[Fr&}_ Sﬁ&kﬂbﬂ?ﬁgﬂdﬂuﬂﬁuhﬂ?ﬁhd#ﬂ?ﬂh;aﬂkmﬂﬂg??ﬁmhb@rkmsﬂsﬁﬁﬁ@ﬂhﬁ%ﬁhﬂ
SI O y I gne . .a r,thmis actua enment e tw C€. once
for inp FeotagEton e inyentioh, ifither Mincg niimggods modlcauonrang chaees vl aaddy

can be used b@b&xrttd) tHese skilled ifi iR Rt, itGe RIS 1ithit ﬂeiﬂ%’eﬁh&ﬂ%’tﬁ% dxat éB?tEﬁlucnon and
LM5 is an acceptahl e tradeoff of the reduced precision, especially with as

many as 4000 @pefatiemsasiBustrated anddesaribed. Hengsppll snitable nudificativns.andequivaleats may be
extra cost is résBﬂetmb' Js'fmlﬁg%h%ﬂéscdﬂa'o?hme invention.

12 WO 97/ 4058

PCT/ US97/ 06381 may be inplenented as the cascades of 12-bit DACs and
programmabl e gain anplifiers (as conpared with 10-bit ADCs in |ater
stages of the SDMI receiver. The RF canceller will typically
suffer froma probl em known as hi gh-ei genval ue spread. See, J. R

Treichler et al. Hi gh-eigenval ue spread sl ows convergence and exacer bates
dynamc- 5 range needs of the internal signal processing. This problem

can be elimnated by either using sufficient precision, Ieakage_(see
J. M Coffi, "Limted Precision Effects in Adaptive Filtering,"

Speci al I'ssue of | EEE Transactions on Crcuits and Systens on Adaptive
Filtering, July 1987, or by intentionally adding a snmall. white noise

to the signal V[err] Note, however, that the | eakage may
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be superfluous when a DC offset canceller is used such as the DC offset
cancel | er 432 described 10 above. FIG 5 is a block

di agr am of el l er 500 according to a second enbodi neng,

i nventi on. jIawhgE’R’Iﬁ:ﬁg‘aiflnceI ler 500 illustrated in FIG 5 is sim %ﬁSﬂ%l
operation to the RF cancellers _ di scQméme i n previ ous enbodi nents,
except that in the enbodinent illustrated in FIG 5, the RF

cancel l er 500 operates primarily in the digital domain to estimate the

radi o- f requehcy nAiradio frlequengcy béise carivellerfor rertoeitgradio-dreguenes nofse/front h Yirst tighal

and then renpve {he esti ed radi.o-frequency noise fromthe .
differential '“?F‘b‘*?&!“gﬁﬁf’&&ﬁs}g“fﬁgmf’da‘ﬁ? grggl&gc{ H%‘S?I‘Eﬁ‘@%ﬁ%&ﬂ@e{'@aghi fferential
signal (S[err]) ladadapiowesileer foripoducing a nofse@anteHatidnSigial | ﬁﬂftﬁﬂxgét#reference noise

radi o-frequency_noi se in a responsive nmanner given use of the .
cancel | ers it Bﬁmg%uni cations, a significant amunt of

si gnal processi ngy guby fof SibtiaAlinRa g@gﬁ@a ioh Sign& ;
The RF canceller 5%10%87 udes a sﬁetar agtor '&ﬁ'\%’ﬁ?'cgﬁ.‘ recrfexlﬁ\f/kefééﬁgglaltoproducemc
di ff er ent i alsecongkrignal;vindrr]) 108 and subtracts fromit the estimated

noi se signal (V[eLJ, r lLse-cancel ed.... . i fferentia
signal (V[err]). Jf{]%%ﬂcg-gﬁigié&%g g{{meiggb;itg’ ?eeéré%ﬁl?'ﬁ'gﬁ a&%ﬁ""f‘?ﬁ‘@(’f’f &%RPE'P%‘P"“
t hen fol@ar dmidl ddaptive filter basedonahenbhen existingi seedndaigmakr t er (ADC) 504 whi ch

produces a digital noise-canceled differential signal (Verr]) 118.
The digital noise-canceled differential signals (V[err]) 118 is then
supplied to 2z di gAtatio Bquenty Hbied canbelles aSReitédIRRaim A0 whtreth okl Moi
The RF cancel |l er, 500 al sQ receives the common- node signal (V[err])

110 (rore gesraeeller i used withibadatacommunication system, ande cormon- node

signal (V[err]) bi W@g ifesHos : % | 1)
508 by a_anal og-tlﬂfo‘-ib&iélai ta t&ﬁﬂnéd(c:honvert_eﬁﬁkﬁmgmgﬁﬁﬁgﬁﬁﬁjm
conmon- kdde tymessgrondy[ err]) is then supplied to the DSP 506. The DSP
506 then perforns the operations discussed above in previous enbodi nents
(e.g., 30 mul tiplication, addition, subtraction, integration) to produce
a digital nd.se shgatid friogiencyinoisscinogller as recited in@laiingi, whkreirthe irst signélibpjoduced
514 then co vera%b_‘bg di italdnoi se signal 512 to the estinated noise

si gnal (v[e;}Py]a) ansmisston, an FIG 6 is a block diagramof a RF

cancel | er 600 accwheteinghd predetérminet! tmessbcuediringiquieh periods in thel daveatfinsissiohh e
RF cancgbl er 600 is simlar in design to the err] canceller 500
illustrated in FIG 5, 35 except the subtractor 502 is now a digital
igbtract or 602, \%rgﬁo Se;:eyﬂéisééaabemw&&ﬁafmeﬁms, wherein the quiet periods are
PCT/ US97/ 063nterspersed between portions of the first signal. '

¢

se

S. A radio frequency noise canceller as recited in claim 4, wherein said adaptive filter

25  multiplies the reference noise signal by a factor to determine at least 2 component of the noise
cancellation signal, and wherein the factor is determined by an integrated product of the reference
noise signal and the second signal.

6. A radio frequency noise canceller as recited in claim 4, wherein the first signal is received
30  over twisted-pair lines. |

7. A radio frequency noise canceller as recited in claim 4, wherein said radio frequency noise
canceller further comprises:

a DC offset canceller for canceling DC offset associated with the first signal.

35
—_—
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converts the receives the differential signal (Verr]) 108 to a digital

signal prior I gital subtractor 602, and the '
it ESTIS7RRS!

anal og-t o- di onverters (ADCs) 504, 514 are not needed.

enbodi nent of gt he i ' ' ' Ligistaly ' -l
not ed t hat thg' ana.I‘A{)Pgé-8 WW“‘%@J%&?QF} %ﬁ##\:}%??@%l%ﬁ%%ﬁtslmg ‘?‘ﬁi’?@%cﬁlﬁ&?‘“
enbodi ment wodetarmpines durng; the datartransmissiones rats fgnaDC &ffset cancejtation signal byare

bits) because; WeTHN ' 1 th the differential signal
(v[ ez r]) l%&?g@uéoo%\%ﬁgwghélﬁﬁi&@h@%ﬁgm_@sfq{l@ganal 0g-t o-di gi ?al
converter (ADC) 604. The above-descri bed DC of fset canceller

may al so uged wi,t f the.different . .. enbodinents aqf .t L

i nz'e nti onBeFoé' ex a%@%%qﬁ?ﬁyé’gﬁgmﬁeheﬂsﬁqmg “hﬂﬂmhg’ WW‘D#%S@?%&WC"HWW
al so perform sigraldbdeterntineddiriigdhe 8fth erhhsmissio whétfth foh$ 6f the Tt /gnal are 1heived

Radi o- f requenca/ cancel | ation, in concept, can theoretically elimnated any
nunmber of - a_dnqt B iR I ses |i ke amateur radio signals as |ong
as they are different frequencies. Generally, the RF canceller is a

kind of crosstal k cancel |l er and can al so reduce crosstal k noi se
| evel s al t houl® onAyradindrequericy moise cansslertaairdoited in claigndiwhieseins ajeast said adaptive filter

cancel ed a . : 15 I | ement ati ons nay var
19 Sibimplchitined by a digt ST eeskoh o 1 e | o Yo

froma very sinplhe canceller | evel of one

radio signal to a sophisticated canceller that would elimnated a nunber of
radi o "noi se I nt.er.ferences. . . .. <ome | owconplexity . .

i ol enent at i ohk of Af °%BM&°¥%F%9°&?&M%M§@%11 wheeein the first signal isaeesjved
of the RF i ntird e divisiond dupléyedeanpbr, Bed coefficient k[err] is a function of
frequency, that is ELE”:L 0 = k[err], then w= k([err]), where[err] is

appr oxi mat el y t he WBrrenythe peedeterined times ecqus while swisehing diection of data tiansmission.
ot her frg¢guencies where there is no radi o-frequency noise, the canceller

can cause sone Signal degradation and/ or enhancenent of other

noi ses. An i nf3ni t & radin freguengy poise canteliérias recited ineclaim 1, wherdimthedirstsigrial has a

woul d not exhbyck ' . | dy not . be fixed conpl ex
constant, VDSt dr KBSl Dier IR 4 BB O ol gl s, T
| ow- conpl exi ty r eawherein the predétatminedtinies bezuf dhringf quidt pericds whilthwviltRing direction of
attractive Ordagfﬁ%sg@%sﬁ%rh Further, although the
above-descri bed e ts are well suited for data transm ssion
over twi 80ed-pair phone lines, the invention is not linmted to use with
tw sted-pair ﬁ;ione | i nes. For .exanple, the invention nay be used in
e

cases where t daéae‘_ief‘&ﬁ&ﬁ%wmsmw@ps,wmriéngz _ ~cable, where the
cent & conduct o oo hala & SR o ek b 4 HubdhikRLPHERG, b0

ground) 3 0 operates as the noise reference s

advant age of Quintiteroinal foroutputtinga differsntialisignalk, endd refdrence nermisial fortmtputting a
radi o- f r equengferdiek 26ise si is not only very accurate but al so adaptive
because the estimat ?oﬁelslgnﬂbdat ed at predeterm ned times during data
transni s&Pon but véradiotfreguendysoisetcandeller cvoplid tesaibirigfdnmenf Teddivecthé aiffderitiaf

periods of ti 400h e t.he J.nyvention i.s that, the ] .

radi o- f requency nol se??égeég%oq{&z%%ﬁ’ sm%ﬁ%é‘%‘ﬂ?ﬁ“%ﬂ?e&]ﬁ’ ¢ancels gertain padio

such, the radregqueneymeiscdiom thesdifferentiat signsido prodoceca ndiseccancdled diffdfeptial signal, said
radio frequency noise canceller includes at least

an adaptive filter for producing a noise cancellation signal by filtering a reference
30  noise signal based on filter parameters;

a subtractor for subtracting the noise cancellation signal from the differential signal
to produce the noise-canceled differential signal, and
an update circuit for enabling, at predetermined times, modification of the
parameters of said adaptive filter based on the then existing noise-canceled differential signal; and
35 processing circuitry for decoding the noise-canceled differential signal to obtain the data.
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14 WD 97/ 40587 -

PCT/ US97/ 06381 anal og-to-digital converters within the receiver. The .
i nventi on ivwopn4as8zul arly suited for high speed dat a tRCI/RSH7OEISON
where radio interference (noise) produced by amateur radi os or other

sour ces (e.g., bridge taps, crosstal k) can significantly degrade the
desired datg sig sl Sl ; G | )

U S. Patent I?4App| ARceives o Siraiy 250&?3@ in fhe 'efi",e"cfg'b"% E@%%ﬁﬁ&ﬁgﬂ&“ fpoge
Bi ngham andsignal fromysaid trapsfeimeri ncor porated by reference. Al so, Coffi et

al ., "Anal og RF Cancel ation with SDMI," American National Standards
Institute (ANSI) T1El. 4/96-084 subm ssion, April 22, 1996, is hereby
i ncor pobat etb.by Aeéceivenasrebitedinelaim 14, The many features and

advant ages of the, present invention.,are,apparent fromthe witten -

descri ption, andwl‘%ﬁ’é‘,tg?%’"?sé’“?q‘l?%ﬁﬂ@&“bﬁ Wrﬂﬂ%gs@ﬁa'ya‘e ingiand 1 0 cover all

such features anghdmin safidvmsforseshasifirithaid setoRa irpabtermiinals PpectiveRCOuPIEdRb fes
S

nmodi fications and changes will readily occur to thos KiI'l ed” I n the

art, it is astedspair phonedes.i nit the invention to the exact construction and
operation as illustrated and descri bed. Hence, all suitable nodifications
and equival ents nay be resorted to as falling within the scope of the

i nvent1On. 16. A receiver as recited in claim 15, wherein the common-mode signal is obtained from a
center-tap on an input-side of said transformer.

17.  Areceiver as recited in claim 13, wherein the predetermined times occur periodically, and
during the predetermined times no data is transmitted on the transmission medium.

15
18 A receiver as recited in claim 17, wherein the predetermined times occur during quiet
periods, and the quiet periods are interspersed between portions of a block of data transmitted on
the transmission medium.

20 19.  Areceiver as recited in claim 17, wherein said adaptive filter multiplies the reference noise
signal by a factor to determine at least a component of the noise cancellation signal, and wherein
the factor is determined by an integrated product of the reference noise signal and the differential
signal. ‘

25 20. A receiver as recited in claim 17, wherein said radio frequency noise canceller further
comprises:
a DC offset canceller for canceling DC offset associated with the differential signal.

21.  Areceiver as recited in claim 20, wherein said DC offset canceller determines a rate for a
.30  DC offset cancellation signal by an integrated product of the reference noise signal and the
differential signal during the data transmission.

22.  Areceiver as recited in claim 21, wherein the DC offset cancellation signal is determined
during the data transmission when the portions of the differential signal are output by said
35  transformer and not during the quiet periods.

18
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A, + A radi Oﬁpgﬁﬁéncy noi se cancel l er for renoving radi o- fregag%cy nol se
froma first signal - in producing a second signal, said radio
frequency noi se cancel l er conprising: 5 an adaptlve filter for

produci ng a @8i se Acmocivérlaatréaited i cjaimh 1 hywhierdin thei differantial isignahis onmsidSfeom first and

si gnal

Subt ract | ng. PETRciERES EERREN L B rarpisson wmﬁﬁwﬁ“rﬁtﬂn@%ﬂ&sﬁ’éﬂy heipg fegrived

t he

5

10

15

20

25

30

in a time division duplexed manner, and
wherein the predetermined times occur while switching direction of data transmission. -

24. A radio frequency noise canceller as recited in claim 13, wherein said adaptive filter
includes at least: _ | _

a first multiplier for muiltiplying the reference noise signal by a factor to determine at least
a component of the noise cancellation signal;

a second multiplier for multiplying the differential signal and the reference noise signal to
produce a product signal; and _

an integrator for integrating the product signal to determine the factor.

25. Ina synchronized DMT system using time division multiplexed data transmission in
which the direction of data transmission for all channels switches direction periodically, and
between each direction change there is a quiet period in which not data is transmitted in either
direction, a receiver apparatus comprising: |

a transformer having at least one input terminal coupled to a transmission medium, an
output terminal for outputting a differential signal, and a common-mode terminal for outputting a
common-mode signal; : .

a radio frequency noise canceller coupled to said transformer to receive the differential
signal and the common-mode signal, said radio frequency noise canceller cancels certain radio
frequency noise from the differential signal t& produce a noise-canceled differential signal, said
radio frequency noise canceller includes at least

an adaptive filter for producing a noise cancellation signal by ﬁltznng the
common-mode signal in accordance with filter parameters,

a subtractor for subtracting the noise cancellation signal from the differential signal
to produce the noise-canceled differential signal, and

an updéte circuit for enabling updating of the filter parameters of said adaptive
filter based on the then existing noise-canceled differential signal during some or all of the quiet
periods; and _

processing circuitry for decoding the noise-canceled differential signal to obtain the data.

—_—
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second signal; and an update circuit for enabling, at
predeterm ned tines, nodification of the paranmeters of 10 sai d adaptive
filter basedv@A7/40%87t hen exi sting second signal . 2. PCTRUSYIN63SL
frequency ngiée cgncel_l er as recited in claim1, wherein said radio
frequency nof&e A receiyesdpparatus recied inclainy 35, wherginthe transmistion medivonisayteisted-
and pair phonéMigg.ei N the predeterm ned tines. occur periodically at a
rate greater than about 500 1 5 ti mes/ second. 3. A radio
frequency noise canceller as recited in claim1l, wherein the first signal

I's produced ], S:31 QF n . . . Wherein the, .

pr edet er ni ned 't rr‘é?gc oeg‘f:eg?i) urtﬁ%ﬁ@ﬁé,{c&%&@ pRerein q%%“&’é‘trﬁd‘?\r?%ﬂg?ﬂcgﬁqﬁ‘?.be%
4. A badi@néeledjoutrby)saitriadio frequenely Inoise aanceeriis p:fddi:dtdtb?rad 188 freqi€ricy ndise!36urce
qui et perio I nt erﬁrsed bet ween portions of the first .signal.

5. A radﬁga&@ﬁ@%@aﬁﬁ?§§ HEEY1 4 as recited in claim4,- wherein said
adaptive filter 2@hereiiithé tpdati gofﬂ\em@fﬁrﬁns@rswsﬁauahﬂgé#m&%sﬁf&ﬁﬁ& ht t O
se

determ ne at_| east a conponent of_the noi cancel l ation signal, and

wher ei n t he feguengy sothelsaid-adaptivg filter ean adaptagspensively toanyshangestim frequengy ofithe
noi.se si gnal lgnal . 6. A radi o frequency noi se
ra@i'&qré[qggn _iin ci %P%’lcg

cancel l er as reci wherein the first signal is received 3 0
over twl@ted-pair | i nes. 7. A radio frequency noise canceller as

ot A A Sl O S ol g R
of f set associ at edinvphiase dilvaitfy, said irsplgsetircutly including at least
a first multiplier for multiplying the common-mode Si'gna]' by an in-phase factor to
determine an in-phase component of the noise cancellation signal,
15 a second multiplier for multiplying the differential Signél and the common-mode
signal to produce an in-phase signal, and
a first integrator for integrating the in-phase signal to determine the in-phase factor;
quadrature-phase circuitry, said quadrature-phase circuitry including at least
a phase shifter for producing a guadrature-phase common-mode signal from the
20 common-mode signal; ' ,
a third multiplier for multiplying the quadrature-phase common-mode signal by an -
quadrature-phase factor to determine a quadrature-phase component of the noise cancellation
signal, ) .
a fourth multiplier for multiplying the differential signal and the quadrature-phase
25 common-mode signal to produce a quadrature signal, and
a second integrator for integrating the quadrature signal to determine the quadrature
factor; and
an adder for adding the in-phase component and the quadrature-phase component to
obtain the noise cancellation signal.
30
29. A receiver apparatus as recited in claim 28, wherein said receiver apparatus further
comprises: a DC offset canceller for canceling DC offset associated with the differential signal,
said DC offset canceller including at least
a subtractor for subtracting a DC offset cancellation signal from the in-phase signal and/or
35  the quadrature signal to produce an adjusted digital signal;

20
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[err] WO 97/ 40587 . _
PCT/ US97/ 06381 ' 8. A radi o frequency noi se cancel |l er Lied
in claim4, WRNUP¥7sai d DC of fset cancel | er ' determ ne.?ﬁ@fﬁ’?ﬁé‘?he

|t agrai ed pr oduci® e At £ ibartin oL oRRCE o (hel b A noR periods to

5 9. A rpaeruge DG offiseh information; anthcel ler as recited in claim8, wherein

the DC of fset cance eTa I i rm -dur. 1 Ng;.
transim ssi on vhen AR TP for derehifg i e S b ticH i il o g offer
not during t linformatidn. peri ods. 10. © A radio frequency noise
canceller.as recited in claim4, wherein at |east said adaptive filter 10
is inpl emgnt ed by a digital signal processor. 11. A radio ”
frequency noispe CameREIVEF applrabfiGs'r@tel in Slhidh 27, wherdif 44 Edir?iﬁe filtesSts impRARhted b
I's received .. . .in a tinme division dupl exed manner, and -

wherei n the prdigital sigaalEeressafes occur while switching direction of data
transm ssion. 15 12. A radi o frequency noi se canceller as recited

in claiml, wherein the first signal has a VDSL or ADSL format with
SDMI and is rHeei vethethodfor seimowing-rpdiofreghensy intexference due to a radio freqoney source that

i et ofdof naesrabty BB Wi kepRin B 4k oBR kil ofer RitanfsPin peciom by

communi cat i oresuplingtpthetragmission medium, said nietliddvenipeisigt havi ng at | east one

I nput term nal coypl ed.t.0o a transni ssion di,um_ an . . output term nal
for outputting a E&WQHSFQF‘:E‘?@%&,”%F and afefereneenciss signaly or
outputting a by @gﬁ,mm%g'naﬁﬁ a radi o frequency

noi se cancel | er cou)p ed to said transfornmer to receive the differential
(c) subtracting the estimated noise signal from the differential data signal to produce a

15  noise-canceled differential data signal, the noise-canceled differential data signal having the radio
frequency interference substantially removed therefrom; and
(d) updating the estimate of the estimated noise signal during quiet periods in the data
transmission.

20 32, A method as recited in claim 31, wherein said updating (d) updates the estimateﬂ noise
signal based on the reference noise signal and the noise-canceled differential output during the
quiet periods. '

33. A metho‘d as recited in claim 32,
25 wherein, during the quite periods, the differential data signal is primarily composed of the
radio frequency interference, and
wherein, during the data transmission at times other than the quiet periods, the differential
data signals are composed of data and the radio frequency noise.

30 34 A method as recited in claim 32, wherein said method further comprises: (€) removing
DC offset from the noise-canceled differential signal in accordance with a DC offset estimate, and

wherein the DC offset estimate is updated during the data transmission at times other than
the quiet periods.

_,__—r/:,
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signal and the reference noise signal, 'said radio frequency noi se canceller
cancels certain radio frequency noise fromthe differential signal
to produce wowissicancel ed differential signal, said PCTGiS97/06381 -
frequency noi se canceller includes at |east an
adaptive filter for producing a noise dgscellation signal by filtering a
reference 30 noi se signal based on filter paraneters;

a subtractor for subtracting the noise cancellation signal fromthe
differential signal to produce the noi se-cancel ed differenti al
signal, and angyp QE circuit for enabling, at
predeterm ned tines, nodification ofN! < paraneters of said adaptive
fi-lter based on the then existing noi se} @ncel ed differential signal; and
35 processing circuitry for Hecodi ng the noi se-cancel ed
differential signal tg obtain theldata. & ‘ -
1-7  [err] S W 97/40587 338 K8

PCI / US97/ 06381 ‘\i:. A regei peg s rdqcited in claim13, wherein the
reference noi se signal a commoi- nfHe © signal] fromsaid transformner.
5 15. A receiver as recited ifn ﬂ'ﬂ% 14,1 . wherein the
transm ssion mediumis a twi sted-gair pHsne Ifine, apd . : wher ei n
said transfornmer has first and se erm nals respectively coupl ed
to the tw sted-pair phone |ines. 10 16. A receiver as recited
in claim15, wherein the commopn-node-~si | is obtafned froma

center-tap on an input-side of said tra or ner.

¢
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17. A receiver as recited in claim13, wherein the predeterm ned tines
occur periodicall and during the predeterm ned tines Bﬁm&§1
transm tted WA r ansni ssi on medium 15 - 18 A recerver as
recited in claim17, wherein the predeterm ned tines occur during quiet
periods, and the quiet periods are inte28persed between portions of a block
of data transmtted on the transm ssion nedi um 20 19. A
receiver as recited in claim17, wherein said adaptive filter nultiplies

t he reference noise signal by a factor to deternmine at |east a
conponent of the noise cancellation signal, and wherein the factor
is determned by an integrated product of the reference noise signal and
the differential si gnal . 25 20. A receiver as rﬁﬁbtfﬁbin
claim17, wherein said radio frequency noi se canceller furth :

conpri ses: a DC of fset canceller for canceli DC of f set
associated with the differential signal. 202 21. A ®eceiver as
recited in claim20, wherein said DC offset yancell er determnes a rate for
a .30 DC of fset cancel |l ation Sigﬁﬁ—*ﬂhfﬁgi;ﬁiﬁﬁfﬁed-prOdUCt of the
reference noi se signal andipBe differenti al sigLaI during the data

transm ssi on when the portions of fhe differential sig out put by
said 3 5 transfornmer and not durfng the quiet period$.

18 [err] 208

0
'1%| Apaprive 210
v. 2| "FLTER

transm ssi on. 22. A recpiver as recited in ¢glaim®d, wherein the
DC of f set cancel | at ngn-S'i'gﬂéI'-i'?'HﬂetermACI‘OR dur'ﬂg-rﬂgﬂa
hal h¥4

1‘ UPDATE
256 CIRCUTTRY [ 204

UPDATE
‘ - . ' CONTROL
SIGNAL
124

. FIG. 2
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23.

A recei

ver

differential WOgHPs87s formed fromfirst and
over the transm ssion medium the first
and

in a time division duplex
predet ermined times occur
24. A radi o frequency n

ed nmanner,
vaai |
oiese

as rg¢

as recited in claim17, wherein the

second si gnBFEUBEH3¥eY

second signals being received

wherein the

ection of data transm ssion.
=C|ted in claim13, wherein

said adaptive filter , at (eas a first
mul tiplier for nultiplg "'U the refegence noh@e Si ;nayo by a factor to
determ ne at |east 10 ® ajconpgnent jof {he &bise “amcel | ati on signal;
a second nmultipljer f myl ti ﬂyi ng |t he|di f g&r ent al™si gnhal and the
ref erence noi se&si gn A pragduce a ptoduclsignal, and :
an integrator i nt egeat]i ng‘Fhe ptodugt s&Eynal {o determ' ne the factor.
15 25. I n ynchrom zed DMI sygtemjusi & ting division mulfiplexed
data transm ssi®dn in whireh—t-He dh~eeiqeh—ad data transm psion for
all channel s sw es direcq peri odi cal | y® #d bet weeh each
direction change t ereisa_qﬁiel_pem riogin ®h not data is tfansnmitted
in either directd o, ageceiyer ippaﬁt us gonpri sing:
a transfornmer having aR@Ngdast @ne ifput|tergnal ¢oupled to a tfansm ssion
medi um an 20 output tenmn f or jout )utt@g a flifferential sjgnal, and a
comon- node term nal f ut pgtiti ngja & comrph£lode si gnal
a radi o frequency noi g§e canceldier cqupl ¢d t{ﬂsal ditransforner tp receive
the differential sijgnalsand tthe gomm¥h- node signal, said|radio
frequency noi se canceljl er irt alo.radi o - frequency hoise from
the differential signgl to ggétce a noi se-:@n@l ed differential signal,
said 25 radi o frequgncy n&t s@d _canceller in es at | east
an adaptive filter for|] prqduciig a nois¢ c eIIalon signal by]filtering
t.he ~ conmmon- nodg si gnal gn aca()rdance A @ er parametprs,
a subtractor for subtriactilng t@e noijse ,ancgvi ati pnsignal fromthe
differential signal :: 3 = < .
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to produce the noise-canceled differenti al

an update ci r%#.mw.,
ITter

adapti‘ve
differential signal during sone or all

si gnal ,
enabling updating of the filter

based on the then existing noise-cancel g
of the quiet

and 30
par anet e

peri ods;

s

and

processing circuitry for decoding the noi®& cancel ed differential signal to

obtain the data WO 97/ 40587

PCT/ US97106381 26.

A receiver apparatus: r.ecited in claim 25, . __

wherein the trans si on nediquis a tw sted-w pai r phone |i ne. !
27. A receiver apparatus reciged in glai 28 “MherejN the.certain radio I
frequency noise-being. — 5. cancgled dut py sqaindv wdi/q reégquencylnor se
cancel l er is ploduced by a radio ffequenc oi s€ Quree chat |
frequently chapges it S0 Loscinlon g T gherei n t heSQupdati ng '
of the filter paranetlers by saipupgate—ejlrcuit is gf Sufficient
frequency so that sai|d -adaptive| fi¥ter ca] bdapt regponsively to any |
changes in frequency |of the r adi r RYUE o} S& sour ce. 10
28. A recei vkr apparatus &~ecited i [l ™ 2 erp sai d adaptive I
filter conprisgs: ¥ i n- phdsk z b2 I
circuitry including @& |east Q Al irst multiglier for
mul tiplyi ng t hk comu¥h onde si gga |- phase—fgetet to I
det erni ne an ip-N\hase congponentq oi se cancel lfation signgt, 15 i
a second mul tiplidr ltiplyinA #H-herenti all si gnal” Jan® t hg
common- node | gnal to prhdyce anlir-pk- e _Xignal, ang |
a first integrftor iYWregrati tNe in'pRas¢ signal t¢ detgrm ne the I
i n-phase factot," . adNat uje-{phdse chrcuigry,| qaid g
quadr at ure-phape cirquitry § \ | eaqt o Ond a |
phase shifter {or prdduci ng a%“ees - phgdse jco 2 hode Jign Eﬁn1the |
20 conmon- nodet si gnal}; ] a il tijpl}i §§
mul tiplying the quadrfat ur e- phpse—ebiriry Mde¢ silgn a |J HEO |
guadr at ur e- phase facu‘c_)‘r to dejerm ne a Hu drjat gr e 15148 om:lo en?gﬁ-_’,t he
noi se cancel | akion % | | l
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si gnal , . a fourth multiplier for
multiplying the differential signal and the quadrature-phase 25

comon- node WQATH5870 produce a quadrature signal, and PCT/US97/06381

a second integrator for integrating the guadrature signal to determ ne the
quadrature factor, and /5 an adder for adding the

i n-phase conponent and the quadrat ure-phase conponent to - obtain

t he noi se cancel l ati on signal. 30 29. A receiver apparaf@® as
recited in claim28, wherein said res ver apparatus furth504

conprises: a DC offset canceller for xanceling DC offset asSociated wth

the differential signal, 4 sar o OCofif set jgancel udi mﬁ at
| edst a swotrafptor for subtrjacting a cancegl lation -
signal fromthe in-p a-gégm SAURTRACTOR 4 ;J-gpgpto

of f set
r ADCe

produce an adjusted digital sipgnal; Vg v
20 [err] WO 97/ 4h58Z fD
PCT/-US97/ 06381 ' a thir@vntegrator_for infegrating |he
adj usted digital signal during non-q 5 to pr oducle DC
of fset information; and gate nyl tqu?¢i el det ey m ni ng
the DC of fset cancellation signal based on the PC' 0 setﬂ"fs(ili
i nformation. 5 30. A receiver apparajus as rgecited in klaim?27,
wherein said adaptive filter is inplenmented by ;Bsﬁzdi gital sjgnal
processor. 31.° A - renoving rad Lequency
interference due to a rddPo frequency sé®8ce |t hat 10 undesi rablly
interferes with recepji op of taptei g Prangmtted over ajtransnf ssion
medi um by b, _2__> <«
_ VeD DSP
{ "\, 506
510
FIG. 5
602 600
0 ~ 2
, 108 . 118
V4—C | ADC |——p| SUBTRACTOR |—9-Lp
V¢D
A
N 512
- 510 :
. 2
110 508 .
ve-c— | apc | 2 «—
VeD DSP
N\, 506
FIG. 6

SUBSTITUTE SHEET (RULE 26)



coupling to the transm ssion nedium said nethod conpri sing: oy
and a reference noi se sigHes
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transm

updat i
refere
t he
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