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Channel Equalizer

The invention relates to 2 method of processing subscquent scts of data, cach
respective one of the sets comprising a respective data sequence, and at least a first one of the
seis COMPprising a training scquence.

It also relates to a comresponding dete processing device for carTying out such a
method.

The invention is relevant to the processing of digitally encoded audio and

video data that is distorted during transmission over 2 commurication channcl.

Digital video or andic data transmitted over a conmnunication channel, from a
sender to a recetver, is subjected to distortion and multipath eirors. At the recetver,
compensation of these effects can be achieved through prapetly filtering the received
conupted data before croating output data therefrom.

Tn a “trained mode™ provess, the transmitted data comprises & twaining
sequence, which is transmitted, on the sender side as a part of the data. On the receiver side.
the received data is distorted and the received (raining sequence is also distorted. The
received fraining sequence is processed and resules 1n an output training sequence. The
processing is performed so that distortions are partly removed in the output raining sequence
and so thal the training scquence after provessing emulates the training sequence as originally
transmitted. Ouc skilled in the art can then veduce channel distertions of the received data by
processing the received data vsing the process of the received fraining sequence.

Such 4 process is often called an equalization. Tn a “{rained equalization”, the
result of the equalization of the training sequence is used for the equalization of the received
data.

The Advanced Telsvision Systems Committee (ATSC) provides standaeds for
dipital High Definition Television (HDTV}. The ATSC docoment A53 of September, 16t
1993 describes an approved standard for digiial (elevision and the ATSC document A4 of
Cetaber, 4™ 1995 gives indications on the use of this standard. The standard specifies specific

training sequences that are incorporated in video signals transmitied over a temestrial

JP 2004-503994 A 2004.2.5
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broadcast, cable or satellite channel, The ATSC document AS54 discloses a methad for
adapting an equalizer’s filter response to adequately compenasate for channel distortions. In
this known method, when the equalizer is first started, the equalizer’s coefficients are usually
not sct ta adequarely compensate for the channel distortions. In erder to force convergence of
the egualizer coefficients, a known original training sequence is transmitied. An crror signal
is formed by subtracting & locally generated copy of the fraining sequence from the ouipul of
the adaptive equalizez. The coefficients aze set $0 as to minimize the errar signal and, after
adaptation of the cqualizer with the training signal, the equalizer is then used for filtering of
the video signal,

It is am ohject of the invention to provide an efficient methed of reduciag
distortions from a data signal. Another cbject of the invention is 1o provide a low-cost
implementation of 2 device that carnies out such 4 method.

Tao this end, the invention provides a method of processing subseguent sets of
data, sach respective one of the sets comprising a respective data sequence, and at least a first
one of the sefs also comprising a training sequence, the method comprising:

e filtering the data sequence of the tirst set nsing a filler having adjustable filtering
coefficients;

«  whils filtering the data sequence, processing the training sequence for deriving an
optimum value for a specific one of the Hltering coeificients;

» replacing a previous vatue of the specific filtering coefficient with the derived oplimum
value before filtering of another sequence of data.

In a method of the invention, the training sequence of the first setis used as a
basis for the derivation of the optimum value of the spacific coefficient that is used for the
filtering of a next data sequence. In a method disclosed in the background art section, the
derived optimum value of the specific coefficient is used for the filtering of the data scquence
of the sam¢ set a3 to which the raining sequence belongs. The lraining sequence is filiered
and subsequenily, the data sequence js in turp filtered. Tn contradistinction with a known
method, in a method of the invention processing of a training sequence is carried out while
filtering a data sequence, An advantage of the invention is that a greater length of time is
available for the processing of the training sequence compared 1o a krnown reethod, wherein

the training sequence is processed while the iraining sequence is actually being received.

JP 2004-503994 A 2004.2.5
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Therefore, in a methed of the invention, more time is allowed for the derivation of optimun.

valres of the filtering coefficients,

The invention &lso relates to a device for processing subsequent sets of data,
each respective ene of the scis comprising respeclive ransmitted deta, and at least a first one
of the sets also comprising a training $Kjucnee, the processing device comprising:

« afiltering circuit having adjustable fillering coefficients for filteting the ransmitted data
of the first set;

«  gn updaling circuit operative to derive an optimum value of &t least one of the filtering
coefficients by processing the training sequence, while filtering the ransimitted data, and
operative to replace a previous value of the flltering coeificient with the derived optimum
value before filtering of the transmitred data of another one of the sats.

A device of the invention comprises the updating circuit for updating at least
the specific filter coefticient while the filter is filiering 2 data ssquence. In a known device,
the equalizer is first only dedicated to the processing of the training sequence for adjusting
coefticients so that an adequate equalization {5 performed. Then the device is dedicated o the
processing of the data sequence, during which the coefficients obtained from the process of
the train.ing sequence ure maintained. Specific hardware is assoclated with each cosffictent to
create updates of the coefficients during the equalization of the taining sequence. An
implementation of such an equalizer is relatively complex. In a device of the invention, the
updating circuit is dedicated 1o the update of any of the coefficients. An advantage of a
device of the invention is therefore 1 allow a reduced chip area implementation.

In the ATSC standacd, the transmitted data “frume™ canstitutes of two fields,
each of which eonsitsts of 313 “segments”. Euch segment in turn consisis of 832 data
ayinbols, of which a ere wsed as 1 periodic synchronization pattern. OF these 313 scgmends,
312 are used to transmit actual MPEG-2 coded data, and the remaining segmeni is used to
transmit the 700-bit training sequence. Consequently, less then 0.3% of the fransmitted data
is used for the equalizer waining sequence. In so-called “trained” aqualization mades,
adaptation of the equalizer is performed only for the training sequence. This means that, if
the training sequence ix “captured” in storage memory and processed independenily of the
remaining transmitted data, a5 done in the invention, much more time is available to process
the training sequence. Thus, a longer time is available to determine the equalizer
configuration that best compensates for the channel distortions than if the adaptation were

performed in repl-time during the acwzal amival of the waining sequence.

JP 2004-503994 A 2004.2.5
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The invention is thesefore relevant to digital iransmission sysferss in which
static distortions and multipaths constitute most of the chanme! impairments. Under these
circumstances, the aduptation functions of the equalizer can be implemented using a much
simpler architecture thag is found in conventional equalizers. This is because the aining
sequence {5 small percentage of the transmitied data and because the static channel
characteristics change by at most 2 very small amount in the interval between training
periods. This allows the required computations to be perfonmed over this larger interval,
{hereby using much less hardware than would atherwise be needed.

The invention is explained in furiher detail, by way of example, and with

refexence to the sccompimying drawing, wherein:

Pig. L iz a block diagram of a device of the invention;

Fig. 2 is a flowshari of o methed of processing of the invention;

Tig. 3is a diagram of a functicnal embediment of a device of the invention; )

Fig. 4 ic a diagram of 2 fimeticnal embodiment of a coelficient updating
circuit of the invention;

Fig. 5 is a diagram of a functional embodiment of a coctficient updating
vireuit of the invention;

Fig. 6is a diagram of a functional embodiment of 2 device of the invention;
and

Fig. 7 iz a functiona! crabodiment of a device of the invention.

A data processing device 10 of the invention is given in Fig. 1. The device 10
regeives subsequent sets 81, 82, ..., 5i, ... of data and creates an output signal Sout. The sets
81 are possibly transmitted from a sender or a base slation to a receiver over & communication
channel, such as for example, teresicial broadeast, cable or satellite chunnel. The device 10
may be part of such a recotver. The sets 8i are suljected to distortions when the
charasteristics of the communication charmel vary. Channel distortion is of a static form
when the characieristics of the channel are time-invariant. Channel distortion is of a quasi-
static form when the characierstics of the channel are slowly varying and the channel

distortion is of a dynamic form when the characteristics of the channel are rapidly varying.

JP 2004-503994 A 2004.2.5
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For example, in terrestrial broadeast transmizsion, both static and dynamic distortions are
typically present.

A respective received set 8i cowprises a respoctive data sequence Di and
possibly a respective training sequence Ti. Preferably, the training sequence Ti constiluies 2
very small percentage of the transmitted set of data Si. In this embodiment of the invention, a
set §1 comprises a training sequence T, followed by a data sequence [}, A s2t 52 comprises
2 training sequence T2, followed by a date sequence 12, The sets 51 and §2 may be parts of
a data sireany that has been partitioned in successive sots of data. The sets may be of same ot
different lengths.

The device 10 comprises a filier 100 having a number of m adfustable
coefficients Cl,...,Cm, whose values &f discrefe time t are C1{t),..., Cm(t).

The device 10 further comprises & cocfficient updating circuit 200 for
adjusting at least onc of the coefficienls C1,..., Cm. The sircuit 200 updates a given
coefficient Ck from an equalization of a received traiming sequence Ti as explained
hereinafter.

The device 10 receives the set S1 composed of the iraining sequence T1 and
the subsequent data sequence D, First, the wraining sequence Ti is supplied to the circuit 160
and ta the cirenit 200. The filter 100 filters the training sequence Ti. The circuit 200, when
receiving the training sequence Ti, stores the sequence Ti in an intemal wemory. The data
sequence Di is then supplied to the filter 100. While the filter 100 i fiitexing the data
sequence DI, the circuit 200 processes the training sequence T1 for detiving an optimum
value for at lcast a specific one of the coefficients Cle The circuit 200 equalizes the raining
sequence T1. When the optimum valus is derived and when the filtering of the data sequence
D1 is terminated, the derived optimum vajue is suppijed by the circuit 200 to the filter 100
and the coelficient Ck is updated with the derived optimum value. The next set 52 is then
supplied to the filter 100 that filters the training sequence T2 and the data sequence D2 vsing
the updated cocfficiant Ck.

Fig, 2 is & flewehart of a method of processing of the invention. A step 1
consists of filiering a received dita sequence. A step 2 consists of deriving an eptimum vaiue
for at least a specific one of the coefficients using a received training sequenoe that was
itansmitted in association with the dafa sequence that is currently being filtered. In 2 methed
of the invention, step 1 and step 2 overlap in time. Preferably, the time it takes to complete
step 2 is shorter than 2 transmission period between two successive traiming sequences,

Fuethermore, stnee a training sequence is only a small part of the ansmitted data,

JP 2004-503994 A 2004.2.5
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completing atep 2 takes a shorter time than completing step 1. A next step 3 consists of
upidating at least the value of the specific coefficient with the optimum value derived in step
2. Once the update of the cocfficients is performed, fltering of a new data sequence may be
started.

A data sequence and a rafning sequence are each compaosed of successive
digital data, In the following paragraphs, the expression “a value of the sequence” refers to “a
valus of a digital data of the sequence”.

Fig. 3 is a diagram of a first functional emboditaent of a device 10, The device
10 of the invention comprises the filtering circuit 10{) and the coefficient updating cisenit
200, The device 10 receives the suceeasive sets Si snd creates the output signal Sout.

In this first embediment, the Rlter 100 comprises a nuoobes of m tap cells
TAP1, TAP2,., TAPm. Bach respective cell TAPK is associated with a respeciive coefficient
Ck. Bach respective cell TAPk comprises a respective data register REGDK for storing a
value of a data of the data sequence Di currently associated with the coefficient Ck. Each
respective cell TAFK also comprises a respective coefficient register REGCK: for stoting a
cumrent value of the coefficicnt Ck. Bach respective cell TAPk comprises a respective
niu]tiplier Mk.

" The training sequence Ti has been proviously filtered by the cireuit 100 and
ihe training sequence has been stored in an internal memory of the circuit 200. The training
sequence Ti 1 composed of M successive duts having values Ti(1), Ti(2), .., Ti(N).

When receiving a data sequence D, the filter 100 receives, at a moment in
time t. a vaiue D4(t) of the data sequence Di. The digital data sequence Di is transmitted 10
the filter 100 and the values of the data sequence Di are stored i the cells of the filter 100 as
follows. Ata time t, the value Di(t) is received by the filter 100 and stored in the tegister
REGDH of a first filter cell. Al a neat time t+1, the valoe D) is transferred from the register
REGD] to the register REGD2 of the second filter cell. Simultanenusly, 2 next value Dift+1)
is received by the filter 106 and stored in the register REGD1 of the first cell. At a next time
t+2, the valee Di{t) is transferred from the register REGD2 to the register REGDS of the third
filter cell, the value Di(1+1) is transferred from the register REGD] in the first ccl] to the
register REGDZ of the second cell . At the same time, & next vales DLp+2) is received by the
filter 10G and stored in the register REGD1, and so on.

At a given e £, ineach cell TAPk, the multiplisr Mk recsives the value of
the coeffivient Ck stored in the register REGCK and the value of the data stored in the register
REGD¥, Each multiplier Mk caleulates a product of the two received values and provides
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thia praduct to an adder 150. The adder 150 calculates a sum uof all the producis received
from the multipliers M1,. .., Mm. The resulting sum is the valuc Sout(i) of the ontput signal
Sout at the time t.

The circuit 200 of Fig. 3 comprises a coefficient memory 201 {oi storing
values of the filter coefficients C1,...,Crn, The circuit 200 alse comprises a data meraery 202
for storing the values Ti(1},..., Ti{N} of the received training sequence Ti. An original
trafning sequones, which is the version originally sent by the Transmitter of the training
sequence, is known in advance by the unii 200. The original training sequence is stered tn a
wraining sequence memory 203, The unit 200 further compriscs a digital signal processing
unit DSP for processing the received training sequence Ti and deriving an optimum value for
a gpecific one Ck of the filtering coefficients,

In this first embaodiment of the invention, the unit DD performs an
equalization of the training sequence Ti. The equalization of the sequence fi comprises
filtering the sequence Ti by means of the DSYP unit using the values of the coefficients
{21, Cmn stared in the memory 201, During the filtering of the sequence Ti by the DSP unit,
the values of the coefficients CL,...,Cm stored in the memary 201 are repeatedty adjusted by
the DSP unit so that the received training sequence Tt after equalization emulates the crigipal
training scquence stored in the memory 203, The optimum value of the coefficient Ck is the
adjusted value of the coefficient Ck that can be retrieved from the memory 201 at the end of
the equalization process.

Fig. 41ig a diagram of a second funciional embodiment of a cocfficient
updating circuit 200, In this second smbaediment, the circuit 200 comprises the memory 201,
the memory 202, the memory 203, The circuit 200 further comprises a muliplier 207, an
adder 208, a multiplier 211, a multplexer 209, a muliiplexer 210, a wegister 204, a register
205 and mn error calculator 206.

The circuit 200 filters the sequendce Ti stored in the memory 202 using values
of the voefficicnts C1,..., Cm stored in the memory 201 and cresies a fillered waining
sequence FTj therefrom. During filtering of the sequence Ti, the coefficients C1,..., Cm in
the memory 201 are repeatedly updated, as will be explained hereinafter, so that the filtered
training sequence FTi ernulates the originat training sequence storad in the memory 203.

A value of the sequence FTi iz calculated as a sum of products of a value of
each respective cocfficient Ck with a respective value Ti(k) of the training sequence Ti, as
follows. Bach product is calculated by the multiplier 207, The multiplier 207 receives the

current vaiue of a given coefficient Ck from the memory 201 through the multiplexer 209. A
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value of u parameier K. is internally set so that the multiplexer 209 either pravides the
muliiplier 207 with a value of a coefficient stored in the memory 201 or provides the
multiplicr 207 with a value stored in the register 203, The value of the parameter K can
alternately take two different values and each value respectively results in one of the two
possible configurations of the multiplexer 209. Similarly, regarding the value of the
paramcter K, the multiplexer 210 either provides the adder 208 with & yalue stored v the
register 204 or provides the adder 208 with & value of # cocfficient stored in memory 201.
During cafeulation of a value of the sequence FTi, the parameter K is set so (hat the
multiplexer 209 provides the multipiier 207 with a value of a coefficient stored in the
memory 201 and so that the mnultiplexer 210 provides the udder 208 with the value stored in
the register 204. The mulliplier 207 alsa receives the value Ti(k) from the memory 202. The
resulting praduct is transmitted to the adder 208 through the multplier 21. During the
calculation of & value of the saquence FT3, the multiplier 211 has no effect on 2 product
provided by the multiplier 207. The adder 208 adds the derived product to a value stored wn
the register 204 and recejved through the multiplexer 210. The result of this addition is stored
in the regisier 204 and replaces the value previously stored in the register 204, At the

beginning of the calculation of the value of the signal FI3, amll value is stored in the

-repister 204, These caleulstions are done for all the coefficients C1,.... Cm and when all the

products of each respective coefficient C1....,Cm and a respective value of the training
sequence Ti have been denived and summed, the temporary value stored 1n the register 204 is
the value of the sequence FT5.

TFor exampie, in the calculation of a first value of the sequence F'.ﬁ. a given
coefficient Cj is multiplied by a valoe Ti(j} of the sequence Ti. Then, ia the next calcwation
of a value of the sequence FTY, ihe coefficient Cj is multiplied by the value Ti(j+1) of the
sequence Ti.

The value of the ssquence FT1 is then supplied to the error calculator 206, The
cajeulator 206 derives an error signal E from the filtered training sequence FTi and the
original taining sequence stored in the memory 203, In this second embodiment of the
inventien, a value of the error signal E is derived as a difference between a value of the
original training sequence stored in the memory 203 and the derived value of the sequence
FTi. The value of the error sigoal E s then stored in ihe register 205,

A cornmon algorithm for updating a coefficient is the Least Mean SEquare

(L&) algorithm which zims at minimizing the error signal E. According to the LMS
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algorithm, a coefficient Ck is updated with an updating amount derived as a product of a

value of the training sequence Ti, z value of the error signal E and a step gain pararmeter .

During the update of the coefficient Ck, the parameter K. is st so that the
mudriplexer 209 proviges the multiplier 207 with the value of the error sigaal E stored in the
register 203 and so that the multiplexer 210 provides the adder 208 with the current value of
the coefficient Ck stored in the memory 201, The multiplier 207 aleo receives a value of the
sequence Ti stored in the memery 202, In (his enubodiment, the muliiplier 207 receives the
value of the sequence Tj that was roultiplied by Ck in the calculation of the value of the
sequence FTi. The multiplier 207 performs a preduet of the two received values and supplies
the resulting product to the multiplier 211 for deriving the updating amount. The multiplier
211 multiphes the received product by the step gain parancter 1, which has generally a small
valve. In a preferred embodiment, the step gain w is of the form (42)" with 1 being & positive
integer and the multiplier 21) can therefore camprise a barrel shifter. The valve of the
coefficient Ck currently stored in the mernory 201 is, then, supplied through the multiplexer
210 10 the adder 208, The addex 208 also receives the updating amouni from the multiplier
211. The adder 208 derives an adjusted value of the coefficient Ck by adding the updating
amount to the current value of the coefficient Ck. The adjusted valuc is then loaded in the
memory 201 for ceplacing the current value of the coefficient Ck.

Thus, the multiplicr 207, the multiplexers 209 and 210 and the adder 208 are
used alternately for the derivation of & value of the filtered training sequence FTi and for the
update of at least one coetficient Ck, therefore allowing an efficient use of the process
reSOUrCES,

In a preferred crobodiment, when a value of the filtered traiing sequence FTi
is derived and us a consequence when 2 value of the error signal B is derived, the coefficients
Cl,.... Cm arz all updated one by one, before cakulation of another value of the sequence
FTi and of anpther value of the erxor signal E.

Fip. 5 is a diagram of a third functzenal embodiment of an updating circuit
200. In this embodiment, the circuit 200 comprises the moltiplier 207, the adder 208, the
register 204, the error calculator 206, the register 205 and the muldplier 211, The circoii 200
further comprises a delay cell 212, 2 multiplier 213 and an adder 214, The muitiplier 207, the
adder 208 and the register 204 allow the derivation of a value of the filtered training sequence
FTi as explained in a previous paragraph. The error caleulator 206 derives a value of the ester
signal B, which is stored in the register 205. The delay cell 212, the multiplier 213, the
multiplier 211 and the adder 214 allow the denivation of the epdating smouni for the
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desjvation of the cocfficient Ck. This derivation of the updating amount is done in parallel to
the derivation of the value of the filtered training sequence FTL The multiplier 213 receives a
value of the sequence Ti stored in the memory 202 through the delay cell 212 and the
roultiplier 213 receives the value of the emror signal E stored in the register 205. The delay
cell 212 introduces a delay between the output of the mubtiplier 207 for the calculation of the
vajue of the sequence FTi and the input to the multiplier 213 for the derivation of the
updating amount aseociated to Ck. The introduced delay is o compensate for the time-lag
between the derivation of the values of the filtered training sequence FTi and the error signal
E on the one hand, and the derivation of (he updating amounts for the coefficients used for
the derivation of the training sequence FTi on the other hand. The multiplier 213 calculates
the product of the two received values and supplies the product to the muitiplier 211 for
deriving the updating amount. The current value of the coefficient Ck curently stured in the
memaory 201 is supplied to the adder 214, which also reecives the updating amount from the
multiplier 211, The adder 214 derives the adjusted value of the coeificient Ck by adding the
updating amount ta the current value of the coefficient Ck. The adjusted valuc is then loaded
in the memory 201 for replacing the current value of the coefticient Ck. This third
embodiment of the circuit 200 allows to derive simulianecusly a vajue of the filtered raining
sequence and to updaie 1 coefficient Ck. This embodiment of the circuit 200 allaws a faster
process of the training sequence Ti than the embodiments shows in the previous Figures.

In a fourth functional ernbodiment of the cireuit 200, the updating antount,
reparding its dependency on the error signal E, only depends on the sign of the signal E. The
updating amaunt, in thig fourth embediment, does not depend on the magnide of the error
signal E. In this embodiment, the multiplier 213 of the third embodiment of Fig. 5 may be
ceplaced by a unit that multiplies the value of the sequence Ti by & binary signal representing
the polarity of the valuc of the error signal E stored in the register 205. For cxample, this unit
multiplies the digitized value of the sequence Ti by +1 when the value of the signal Eis
positive or null, The unit multiplics the digitized vatue of the sequence Ti by -1 when the
value of the signal E is negative. Thus, the embodiment of Fig. § allows a fast processing of
the training sequence Ti.

Fig. 6 is a diagram of another embadiment of the device 10, In this
embodiment of the invention, the device 10 compensates for both highly dynamic channel
impaiments and stalic impairroents, [ this smbodiment, the maxinum maltipath delay of
dynarnic impaitments is substantialty less than that of the static impairments for which the
device 10 musl compensate, Tn a digital filter, the first cells compensate for short delays
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impairments, Thus, a filier 100 of the device 10 comprises soveral first 1ap cells TAPL....,
TAPj-1 thet compensate for dynamic distortions, hereafter referred to as dynamic tap cells.
The filter 100 also compriscs tap cells TAPj,..., TAPm that compensate for stafic distortions,
hereatter referred to as siatic tap cells. The static cclls TAF],..., TAPm compensate for
impairments with longer delays. Dynamic channel distortions can vary substantally between
transmissions of two successive (raining sequences, Updating the coefficients of the dynamic
tap cells TAPL,..., TAP}-1 using a trained equalization is thercfore not adsquate to
compensate for these dynamic distortions. The dynamic coefficients C1,. ., Cj-1 need to be
updated in real time.

A set 8i, composed of a training sequence Ti and a subsequent data sequence
Di, is supplied to the device 10. This set Si has been subjected, while transmitted to the
device 14, to dynamic and static distortions. The filrer 100 filters the set Si and creaies the
cutput sigeal Seut.

Adapration of the dynamioc coefficients C1...., Cj-1 must be performed from
the data sequence T4 in real time. The coeffivients C1,..., Cj-1 may be updated according (o a
“blind mode™. [n “blind rode”, a filtet error signal Bf is derived from statistical properties of
the signal Sout and the coefficients TAPL,..., TAPj-1 are iteratively updated in ordet to
minimize this error signal Ef. The derivaiion of the signal Ef from the signal Sout is not
shown ir: Fig. 6. Bach respective vne of the dynamic cells TAP1,..., TARj-1 comprises a
respective coefficient adapration wnit URL,..., UDj-1. Bach respective unit UD1,..., UD)-1
dllows the caleulation of an adjusted value of the corresponding ceefficlent C1,..., Cj-1 from
the value of the filter error signal 12f and the value of the sequence T currently stoved in the
respective register REGDL,. ., REGD]-). Updating of the dypamic coefficients is performed
continupusly during filtering of the sequence Ti.

Adaptation of the static coctficicnts Ci...., Cm is performed in the coefficient
updating circuit 200 as described in a previous paragraph. The entire set of coetficients
C1...., Cmis stored in the memory 201. Once the sequence Ti s recerved, valucs of the
dynamic coefficients currently stored in the registers REGCL...., REGCj-1 of the filier 100
are stored in the memory 201. During processing of the sequence Ti by the circuit 200, the
values of the dynamic coefficients CI,..., Cj-1 stored in the memory 241 are not roodified
and kept as stored at the starting of the process of the training sequence Ti. However, the
values of the static ceefficients Cj,..., Cro stored in the memory 201 are adjusted ducing the
processing of the sequence Ti by the cireuil 200 as explained previously. The values of the

apdated static costficients oblained 2t the ¢nd of (he processing of \he traiing sequence may
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be transmitted to the filter 100 when filtering of the sequence Di is terminated and before

filtering of 4 next data sequence.

In another emboediment of the invention, the entire set of static and dyoainic
coefficients CL,..., Cm iz in a first stage entire!y updated by means of the circuit 200 so that
all the coefficients are compensated for siatie distortions. Then in a second stage, the
dynamic coefficients C1,..., Cj-1 are updated in real tirne Lo compensate for dynatnic
distortions.

[t is also within the scape of the invention to consider a device 10 comprising
a filiering circuit 100 composed of 4 finite impulse FE filter operating in forward mode and a
DFE filter operating in feedback mode. Fig. 7 is a functional embodiment of such & device
10. The FE filter teceives the set Si and creates an ouiput signal Soutl, The DFE filter
receives an input signal 5in2 and creates an output signal Sout2. The output signal Sout of
the filtering circuit 100 is the sum of the output signal Sont2 of the DIFE filter and of the
output signal Soutl of the FE filter. The sum is calculated in an adder 110, The filtering
circuit 100 comprises u level slicer 120 for creating 2 signal Sinl from the signal Sout. In the
shicer 120, the signal Sout is quantized, resulting in the signal Sinl, which can take a finite
number of discrete values. The circuit 200 also comprises a mcmofy 140 for storing the
original tﬁlining sequence. A mulliplexer 130 supplies the DFE filter with the signal Sin2,
which iz either the training sequence stored in the memory 140 or the signal Sinl.

‘When receiving the set 51, the FE filter first receives the training sequence Ti,
followed by the data sequence Di. While the FE is filiering the raining sequence Ti, the
ariginal training sequence stored in the memory 140 is supplied through the multiplexer 130
to the DFE filter, Indeed, a filtering circuit 100 ideally remeves all distortions from the
sequence Si. If the circuit 100 totally removes distortions from the training sequence Ti, the
result of tilicring 1s the original training sequence. When the FE filter actually starts filtering
the data sequence Di, the multiplexer 130 supplies the DFE filter with the signal Sinl.

The device 10 of Fig. 7 also compriscs a coefficient updating circuit 200, The
circnit 200 comprises the coefficient remory 201, the data memory 202, the multiplier 207,
ke adder 208, the register 204, the ecror caloulator 206, the register 205, the delay eeli 212,
the multiplier 211 and the adder 214 as previously described. The coefficient memory 201
stores values of the cocfficients of the TE filter and valves of the coefficients of the DFE
filter.

The circuit 200 further comprises a DFE filter input data memory 218 for

storing valucs of the signal Sin2. The circuit 200 comprises a shicer 217 for creating values of
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the input signal Sinl from values of the culpnt signal Sout stored in the register 204. These
values of ifie signal Sinl are supplied to the memory 218 through a mulfiplexer 216. The
memory 218 also stores values of the original training sequence supplied from the memory
203 through the multiplexer 216. A multiplexer 219 provides both the multiplier 207 and the
delay cell 212 with a value of the training sequence Ti stored in the memory 202 or with a
yalue of the signal Sin2 stored in the memory 218.

A value of the output signal Sout is a sum of a vaiue of the output signal Soutl
and the output signal Sout2, A value of the signal Soutl is calculated from the values of the
coefticients of the [l filter stored in the memwory 201 and from vadues of the sequence Ti
stored in the memory 202, This value of the sianal Seutl is calculated by means of the
muitiplier 207, the adder 208 and the register 204 a3 explained in a previous paragraph. Then,
a value of the signal Sout? is calewlated from the values of the coefficients of the DEE filter
stoxed in the oemory 201 and values of the signal Sin2 stored o the remory 218. The value
of the signal Sout2 is derived by means of the multiphier 207, the adder 208 and the register
204 in a similac manner as explained before and with the register 204 initially loaded with the
derived value of the signal Soutl. Then at the end of the calculations, the value of the catput
signal Sout mzy be retrieved from the register 204.

The error signal E is derived by the ervor ¢aleulator 206 ind siored in the
Tegister 205,

The caefficicnis of the filtering circuit 100 stored in the memaory 201 are
updated by means of the delay cell 212, the multiplier 213, the multiplier 211 and the adder
214 in a similar manner as explained in 2 previous paragraph. When a specific cosffictent of
the DFE filter is updated, the multiplexer 219 provides the delay ceil 212 with a value of the
signal Sin2 storad in the memory 218, When a specific coefficient of the FE filter is updated.
the multiplexer 219 provides the delay cell 212 with a value of the sequence T3 stored in the
memory 202.

Fig. 8 is 2 preferred embodiment of & deviee 10 of the invention. In this
preferred embadinient, the device 10 comprises u filter 100 that, itself, comprises several
finite impulse response (FIR) filter graups. [n Fig. 8 three fiiters 160, 162 and 164 are shown.
These filters 160, 162 and {64 are placed in serics. The filter 100 also conprises configurable
data delay celis 166 and 168 that are placed between two consecutive FIR filters 160, 162,
164. Thus, the cell 164 is located between the FIR filters 160 and 162. The celf 168 iz located
between the FIR filters 162 and the next consecuti ve FIR filter. Such an embediment of the
{ilter 1400 is described in the US patent 4,782,438, Such = filter 10 is used to compensate for
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static and quasi-static muitipath ¢choes of the coramunication channel The filters 160, 162
and 164 compensate for different multipath echoes, each of the echves having a respective
delay. The delay cells 166 and 168 introduce the respective delays delayl and delay 2 in the
Tiliering paih berween the FIR fitters 160, 162 and 164, Rather than using a full length
adaplive filter as shown previously, for the entire range of echo delays that ¢an be expecied,
ihe filter 10 comprises the FIR filters 160, 162 and 164 with configurable data delay cells 166
and 16E between two successive FIR (llers.

The device 10 of Fig, 8 further comprises a ceefficient updating circuit 200. In
this embodiment, the cirenit 200 comprises a DS unit for deriving the optimum values of the
filtering coefficients as expluined before. The circuit 200 also comprises the coefficient
memory 21 snd the input data memory 202, both described in previous embodiments. The
circuit 200 of the embodiment of Fig. # comprizes in addition to the circuit 200 of the
embodiment of Fig. 3, a data delay calculator 220. The coefficient memory 201 stores values
of coefficients of the filier 100 as if the filser 100 was a full length filter and not a series of
FIR filters. Thus the coefficients stored in the memory 201 cover the total length of the filter
100. Because of the nature of the echoes in the communication chumnel, some coefficients

stored in the memory 201 will have a very small value or will be zero. The delay calculator

- 220 allows to calculate the respective delays delayl, delay2 introduced by the respective

deluy cells 166 and 168. The calculatar 220 derives these deluys from the values of the
cocfficients stored in the memory 201. The coefficients stored in the memory 201 that
correspond to the long-delays echoes of interest, which are the coeffivients of the FIR filters
160, 162 and 164, are those having nonzero values above a minimum threshold. Theses
coefficients are casily identified by the celculator 220 and their positions ure immediately
known. Their positions can then be used to determine the filters delays of the cells 166 and
168, The delays say be determined by counting the number of coefficients having values
beneath the threshold betwecn the sets of determined coefficients of two successive FIR
filters 166, 162 or 1G4.

[t is to be noted that, with respect (o the described methad, modifications or
improvements may be proposed wilhout departing from the scope of the invention. For
instance, it is clear thar this processing method may be implemented in several manners, such
as by means of wired electronic circuits or, allematively, by means of a set of instructions
stored in a computer-readable medium, said instructions replacing at least a part of said
circuits and being executable under the conirol of 2 computer or a digital processor in order

to carry oul the sarne functions as fulfilled i said replaced cireuits.
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CLATMS:

1. A methed of processing subsequent sets of data {5i), each respective one of

the sets comprising a respective data sequence (Di}, and at J2ast a first one of the sots also

comprising # training sequence (Ti), the method comprising:

+ filtering the data sequenice {D1) of the first set (1) using 4 filter (100) having adjusiable
filiaring coefficients (Cf);

» while filtering the data sequence (D1}, processing the iraining sequence (T1) for deriving
an optimum value for a specific one of the filtering cocfficients;

« replacing a previous value of the specific iiltering coefficient with the derived optinum

value before filtering of anather sequence of data (D2).

2. A methad of processing of Claim 1 comprising equalizing the training
sequence (Ti} using an egualizer having adjustable equalizing coefficients (Cf), the optimum
wvalue being a value, at the end of the equalization, of an equalizing coefficient with 2 same

position as the specific filtering coefficient.

3. A method of processing of Claim 2, wherein an equalizing coefficient is
adjusted using sn update amount being a product of & first value of the training sequence and
a second value of an error signal, the error signal representing a discrepaney betwesn a signal
resulting from the filkering of the training sequence by the equalizer and a reference tradning

sequence known by the equalizer.

4. The method of Claim 1, whersin at least one filtering coefficient is modificd

from a blind equalization of the data sequence.

5. A processing device (10) for processing subsegquent sets of data, each
respective one of the scts comprising a reepeclive data seguence, and at least & first one of the
seis comprising 2 training sequence, the processing device comprising:

«  afilter {100) having adjustable filtering coctficients;

+ an updating circuit (200)
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far processing the traindng scauence {T1) of the first set (S1), while the
filtering circuit (100} filters the data sequence (D3 of the first set, ind deriving an optimum
value of ut least a specific one of the filterdng coefficients {Ci),
for supplyiag the filter (100 with the optimum value before filtering of

another data sequence (D2).

6. A precessing device of Claim 5, wherein the filter comprises:
« aforward equalizer (FE);
v adecision feedback cqualizer (DFE).

T The processing device of Claim 3, wherein the updating circuit (204)
comprises an equalizer having adjustable equalizing coefficients for equalizing the training
sequence, the optimum value being a value, at the end of the cocfficicnt, of an cqualizing

cocfficient with same position as the specitic coefficient.

8. The processing device of Claim 5, wherein the updating circusit comprises:

» an equalizer having adjustable equalizing coefficients for equalizing the fraining sequence
resulting in a egualized training sequence; '

« g first memory unit {202} for storing values of the wainirg sequence;

* asecond memory (201} for storing vatues of the equalizing coefficients;

+ a1 error calculator (206) for dexiving #n emor sequence from the equalized training
sequence and a reference taining sequence known to the updating circuit;

+ acalculator for deriving the optimum value ﬁsing an updating amount as a product of a
first value of the training sequence, z second value of un adaptation parameter and a thitd

value of the exror sequence.

9 The Pracessing device of Claim 7, wherein the equalizer comprises:
« 3 multiplier (207} for multiplying, dutiog the preseribed period, cach wapective value of
the equalization cozfficients with a respective value of the training sequence;

+ an accumulator for accumulating 2 sum of the products derived by the multiplier.

10. The processing device of Claim 5, wherein the filter medifics at least a

specific ane of the coefficient by performing a blind cqualization of the data seijuence,

JP 2004-503994 A 2004.2.5
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1L

The processing device of Claim 3, wherein the filier comprises;
a plucality of finite impulsc response filiers (160, 162, 164) connected in series;
al least one configurable delay cell (166) respectively ocated between (wo respeciive
successive finite impulse response filters for initgducing a respective delay between the

respective finite impulse response filters.

The processing device of Claim 11, wherein the updating cireuit comprises:
a digitel signal processing unit (DSP) for deriving respective optimum values of the
filtering coefficients;

2 deley calculator {220) for determining the delays from the derived optimum values.
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