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IJROVENENTS I N CR RELATI NG TO'TRANSVERSAL EQUALI SERS The present invention
rel atés to-transversal equal i sers and nore particularly d.c. conpensation
in 5~  adaptive equalisers. The presemice. of a d.c. offset in an input

gnal to an ‘adaptive equaliser causes confusion in the coefficient update
gorithm because the error signal does not correlate properly wth the

ta signal sanples at each 10 tap of the equaliser. The d.c. offset
the input signal has theIdPROVENENDS ugﬂunpdaﬂnuggmp m@fore t he signal

te the equaliser. This TRANBVERSEL BQUATISER®d by using adj ust-on-test
sistors or potentioneters providing in-life adjustnents to correct for

eing drift in anal ogue 15 conponents such-as operational anplifiers,
npl e-and-hol d ci 'The tprewent hinweatidgne red-atiey ) tremeversalt sel f.
cording to the present invention there is provided an adaptive equaliser
cluding a pegualiiisers amp morgepartieuliardy stape cempensationi dput

gnal and subsequent 20 stages receive tine spaced sanples of the

put spgnal adépddcte siguglisersades a nultiplier and a correlator both of
ich are fed by an_input signal, the output signal fromthe nultiplier are
med by an accumihe @TWMEapﬁl ged.g.sioffget dm acizpet sigsal: to

pr:

ed
ar

oviding an output signal and 25 an error signal, the latter is

applied to eali GsantiiNerequaliseBceanssisdeoiNgian inithedepefficient

ual i ser includes an _additional tap stage having |ts respective nultlpller
d corr el at oPPEGHe ALEPRIERM t beeguse| thge eTF - Signal does not

correlate properly with the data signal samplgs at each

10 tap of the equaliser. The d.c. offset in thé input signal
has therefore to be reduced to zero before the signa1 
enters the equaliser. This is normally accomplished by
using adjuét-on—test resistors dr'potentiometeré providing
in-life adjustments to correct for ageing drift in analogue

15 components such as operational amplifiers, sample-and~hold.
circuits and the analogue-to-dlgltal converter itself.

According to the present 1nvent10n there is prov1ded

an adaptive equallser 1nc1ud1ng-a.plurallty of tap stages,
the first stage receives an inpuﬁ.gignal and subsequent

éd stages receive time spaced saméies;of the inéut signal and
each stage includes a multiplier and a correlator both of

z which are fed by an input signal, the output signal from the

multiplier are summed by an accumulator which applies a

signal to a decision circuit providing an output signal and

25 an error signal, the latter is applied to each correlator
to correct residual error, said adapt::.ve equaliser includes
an additional tap stage having its respective multiplier

and correlator connected to a fixed voltage source, the

»
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out put #sl.gnal fromthe nultiplier is sumed with the other multiplier _
out put signals by said accunul ator and the error signal produced by said i
decision circuit is correlated with said f%lx_gd vol tage by the additional 5 1?
correldtor to control the gain of the addiiional tap stage multiplier

t her eby conpensating for an original d.c. offset in the input signal.
According to a feature of the invention the adaptive equaliser finds

appli{cation in 0 d ¢ ' i DF | Yorsi s
- PRt U PART Aot e L S GEPD PREHRY) et he

nodens. The invention w | ow ng

exenpl ary enbodigeRérthelgob13es Tudpht hei gwats | By ceai dnalcicoimilidtot end

follow ng drawi ng whereini-"Figure 1°shows a known form of adaptive

equal i ser; 15 thé@nérréhodigndlshRvdiedanpt 4P cqe8issenh iclrRads dpgce
with the present invention. Referring to Figure 1 the time-spaced sanples .

of the input sigetrelstedi with sefid Fhxed evolbage! bpdthy ddditional

four-quadrant multipliers M, M, and M3 respectively and then summed in an

accumul at & A.  ciderelabor v6 contmdlatitte Agatn fefl thededtdtdonal ctap D
and conpared with a set of reference levels or with a locally generated

ref erence si gnalstagermiltipaienutthetrediyocinjersdtimg Eoroansiogigiil
[err]. The error signal [err] is correlated wth the signal sanples in the
correlators O, @ anoffBetespethevdinputt leignabuts of which control the
gains of associated multipliers [err] to mnimse the correlation of each
tap. ' According to a feature of the invention the adaptive
equaliser .finds application in modulator/dembdulator
10 equipment commonly known as modems.

The invention ﬁill be readily ﬁnderstood from'the
following exemplary embodiment thereof and should be
read in conjunction with the following drawing wherein:-

Figure 1 shows a kmown form of adaptive equaliser;

15 and, '
' Figure 2 shows an adaptive equaliser in acdordance
with the present invention.
Referring to Figure 1 the time-spaced samples of the
input signal xi, x(i-7), x(i-2T) are muitiplied by the
20 four-quadrant multipliers M1, M2, and M3 respectively and
" then summed in an accumulator A. The output of accumulator
4 is féd to decision circuit D and compared with a set
of reference levels or with a locally generated reference
signél to produce an output sigﬁal YK and error signal
25 Eg. The error éignal Ex is correlated with the signal
samples in the correlators C1, C2 and C3 respectively, the

outputs of which control the gains of associsated multipliers

My, M, and M3 to minimise the correlation of each wap.



] . 3 If thereis a d.c. offset in the input
si gnal” thé correlators [err] wll attenpt to correct the residual error,
bui sknce there is no linear relationshgp-between the d.c. offset and the
si pnal sanples the effect 5 of this attenpt to renmove the d.c. offset

wWi{l result in non-optinmmsettings for the nultpliers [err] and distortion
i njthe output signal [err] will occur. Referring to Figure 2 an equali ser
acgording to the i Dfenbear iis shodyc whoffsetclinddhea imput hsigmat othect ed

t of 40 a fixed voltage source V. The voltage Vis-nultiplied by a

mu| tiplier [ecorreddt ;MG and Gutwilldi ettempt o eyorfect]|the
acpunul ator A. The error signal [err] ?s correlated with the fixed voltage
V | n the correeaidnaldertor ohyhtsinceotheret s Qoeddneaar usstatibonshipo
the gain of 15 multiplier Md until the d.c. offset of the output of
acunul at or Abetweenuw@ o eraff2et candgthel signiedr sgmplkes tthesefifect

theeir optinmum gai n values. The above description has been of one enbodlnent

onjy anl is nef thisnad¥empl iR iTemevecbhe 8+ CehoIifsadntwiohl Desul

For exanple, the invention could be applied to adaptlve equal i sers h i ng
coppl ex- vaIueHntBBnQQPW¥§R¥fﬁQﬁ?&ﬁSsb£°ﬁa bhegmld Dddd® :ﬁ%ﬂ @g. aM

deiscri bed, one o renove .t he d.c. |2°teaﬂtnphase c annel and one to rennve

the d.c. in t B 591839 &qauﬁﬂeﬁhﬁ eflepsl Lidn QRRIF ¢ ve
e b "Bl Y Mgl 5 S Yo S U
invention is shown which includes a fourth tap connected to.

10 a flxed voltage source V. The voltage V is multiplied

1,;M2 and M.3 by accumulator A. The error signal Ep is
correlated with the fixed voltage V in the correlator 04;
The output of correlator C, is used to control the gain of
45  multiplier M, until the d.c. offset of the output of
accumulator A is reduced to zero, allowingtmultipliers
Mq, M2 H3 to assume their optimum gain values.
» The above description has been of one embodiment only
and is not intended to limit the scope of the invention.
20 For examplé, the invention could be applied to adaptive
equalisers having complex-valued tap gain coefficients by
having two additicnal taps as described, one to remove the
d.c. in the inphase channel and one to remove the d.c. in

the so-called Quadradure channel.
25 |

by a multlpller M4 and summed with the outputs of. multlpllers
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sdbsquegt;stages receive- tine spacéd sanpl es of the input signal and each
stage includes a multiplier and a correlator both of which are fed by an

i nput _signal, the' output signals fron1bhé+nv|tiprE?E_E?E—§Uﬁﬁ?d*by—an _ :
accurul at orr which applies a signal to a decision c Lm, infli an
out put- signal and an error signal, the latter is ,m,m"ﬂ rrel ator

to correct residual error,_said adaptive equaliser 1ndl udes”ansadditional '

tap:Stage having its re@E@éﬂSve multiplier and correlator con- nected to a
fixéﬁ‘voltage source, the output signal fromthe pultiplier iis summed with
the other multihti erdBuefaptivensadiadisan ARELUHPE! 8r PaNFalidTeafortap
signal produced by said decision circuit is correlated with said fixed

vol t age by tP{ﬁ#ﬂﬁ??0R§heggiF§Waﬁﬁa8§)Qﬁ%ﬁ%YﬁstﬂE_bﬁpﬂfos f(EHQiQhaI
(ap stage it gt (et oby compensatiop Tor norLdhnal Soe oI, -
Eﬂ:et ?Sri teIrOEﬁ:'E ﬁ%ﬁ'ﬁiéﬁaﬁ Pogy sheh aian taeiuied s muitis iy S%na&gea )
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latter is applied to each correlator to correct residual

=

error, said adaptive equaliser includes an additional tap

stage having its respective multiplier and correlator: con-

nected to a fixed voltage source, the output signal from

the multiplier is sﬁmmed with the otﬁer multiplier output

signals by said accumulator and the error signal produced

by said decision circuit is correlated with said fixed

voltage by the additional correlator to control the gain

of the additional tap stage multiplier theieby compensating

for an original d.c. offset in the input signal. |

2. An adaptive equaliser as claimed in claim 1, in wﬁich |

the additional correlator controls the gain of the additional

tap stage multiplier until the d.c. offset is reduced to zero,

allowing the multipliers of the other tap stages to assume |
- their optimum gain values.

3. A modulator/demodulator including an adaptive equaliser

as claimed in claim 1 or 2.

4. An adaptive equaliser substantially as described with

reference to the accompanying drawing.

The text of the specification has been reproduced by photocopying the applicants original
typesoript. It may contain a few amendments which are difficult to read, The original
typesoript containing these smendnents may be inspected on the premises of the Patent Office



