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ally changing the settings of said attenuators
so as to reduce present distortion.

An embodiment of this invention can con-
tinuously estimate from a correlation of
samples of the output of the transversal
equaliser with the received polar data
sequence the polarities of intersymbol inter-
fererice components of the single-pulse im-
pulse response of the transmission channel
and use these polarities to determine the
direction of successive incremental adjust-
ments of the attenuators associated with
the taps of the equaliser.

The intersymbol interference components
of the effective mixulse response of the
transmission channel are éstimated in the
case of polar binary data transmission by
sampling the analog output of the trans-
versal equaliser at the data transmission

rate, slicing these samples to detect the. re-
ceived data sequence, subtracting the pre-
sent standardised: received data symbol from
the present analog output sample to deter-
mine a present efror’ ‘component, correlating
the present error component with past, pre-
sent and future received data bits within
the range of the equaliser to obtain a series
of product terms corresponding to succes-
sive sampling instants, and averaging a
plurality of such product terms over a num-
ber of sampling intervals. The polarity of
these average values are next determmed by
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the message signals delivered to data sink
19, in the absence of equalisation, will be
spread: out in time and mutually interfering.

To obviate distortion a transversal
equaliser filter is inserted between trans-
mission channel 11 and data sink 19. The
transversal filter comprises a delay line 12
having a nonreflective termination 13 and a
plurality of taps, such as those designated
14A to 14E, equally spaced therealong at
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intervals correspondmg to the reciprocal of -

the synchronous data symbol rate; a plur-
ality of adjustable attenuators, such as those
designated; 15A. to 15E, each connected at
the input end to a tap on delay line 12;
and a summing circuit 16 serving as a
common termination for the outputs of all
attenuators 15. Between the output of
summer 16 and data sink 19 are sampling
gate 17 actuated at appropriate sampling
times and binary slicer 18 for detecting and
reconstructing standardised. marking and
spacing data bits. Data sink 19 is any
utilisation means for digital data such as a
computer, business max:hme or record com-
munication device.

A transversal filter, as is well known,
operates to equalise a distosting channel by
adjusting the reference tap attenuator to
keep the main response uniform from pulse
to pulse and by adjusting the side tap
attenuators to achieve a balance among and
to reduce the interfering components to
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will:be 0o interferin '
In passageé “through practlcal trans-
mlssmn channel 11~ the - idedl: impulse res-
8 ({3 1 f(_>rmed into -a nonideal

principa o compohent . at n = .0,
there_e_ can. be and hkglyhare SIgmﬁcant non-

refore .2 sequenice of data
imes; T “will- generally be

vides:a _practical- means’ for’ ‘Separating the
principal’. from - :the mterfermg components
of the ‘impulse Tesponse:’ h(ty at its output
taps-14A to° 14E at spacings”of T seconds.
Attenuators -15A to”I5E: at each of taps
14A. 10 14E ¢

outputs by: factors in the
range of ‘plus and :minus one.. The main
i tenuator ' 15C at ‘reference tap
ferably adjustcd 10" maintain the
the: ‘principal; 1mpulse. response

uniform’at “all ‘times. The

_-ot, - ttenua Is are adjusted: to reduce to
zero:the 'side. components of response :h(t),
n# thé - range of ‘the number ‘of

taps - on delays lme 12 Only' five- taps are

hich, ‘in “addition to the

The. fran ersal ﬁlter ela? dine 12 pro-’

individually ‘be:. adjusted to

-nected. to line 29

terms and, ‘others not. ‘written out .are error
components Tep '
symbol mterferen
ling instant.. ‘The’ equi'rement for de-
termmmg'attenua.tor settings’ is to isolate
the error . These are. .generally small
in companson with "the principal term, An
estimate of the - dat: ‘symbol . is . abtained
by. slicing the output of the sampling gate
17 at each -samplin; instant binaiy- sticer
18, a thresho!d"""lrc it of conventional type.
Its output js-the data’ ymbol dy w, éh_ may
be positive or négative. . This s mbol is de-
livered. to data sink 19 and als

on line 29. :

assumptxon that -the.. ptmclpal
componcnt h, of the impulse response re-
mains constant from.symbol to symbol and
the output “of slice; ds; standardised at

' uniform amplitudes, the signal-on- line 29

is” equivaleni to the: product h.,a2 alone.
The signal on’line 28 is.y,, also containing
thei term h,a;-a ong others -Subtractor 29
with inputs connected -to lines .28 and 29
has in its output;-theréfore - the.-error -por-
tion -of . -equation (1)-at-the sécond sampling
instant." Subtractor :32 -can. convemently
comprise an mverter._..havmg its; input con-
and an operational ampli-
‘having one. input -connected.-to: the in-

fier.

‘'verter :and -the. other input connected to: line
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random will tend to cancel out.

Similarly, averaging the products of the'
_present error at the output of subtractor 32

and other near data symbols will produce
the other impulse 'response terms. The
remainder of thie figure shows an arrange-
ment for ‘taking these products and aver-
ages.

The error output of subtractor 32 is
delayed in a conventional delay unit 30 by
the number of sampling times between the

~centre tap 14C . of delay line 12 and the

last tap 14E. For a five-tap delay line the
delay requued in delay unit 30 is twice that
between -adjacent -taps ‘on delay line 12.

The purpose of delay unit 30 is to miake

possible effective correlation of past and
future. response components.

Successive ‘data symbol estimates in the
output of slicer 18 on line 29 are stored in
the individual stages 24A to 24E of a con-
ventional shift register. The contents of

. these stages are advanced from right to left

under the-control of advance pulses on line
27. Clock 25 produces clock pulses on line
27 at.intervals of T seconds in a conven-
tional ‘manner .and its operation may be

s synchromsed as necessary with transitions

50

in the received signal wave.

“If the data symbol stored in centre stage
24C is considered the present symbol, then
those stored in stages 24A aod 24B are

) respectwely the past-past and past symbols
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and those in stages 24D and 24E are the
fiext two succeeding future symbols. Since
the _error s1gnal o line 31 has beende-
layed -two time units, multiplication of this
error. signal and the contents. of centre shift
register stage 24C represents a correlation
of the présent dafa symbol and the present
efror signal. - Averaging a succession of
such’ products results in a good estimate of

. principal impulse response component - .

Similarly it is evident that correlation: of

- the " contents ‘of the other shift register

stages with-the error signal on line 31 will"

Polarity

- A plurality of binary slicers 20A to 20E:
provide means for determining the polanty_-

of the estimated impulse response -com-
ponents.
conjunction ~ with
counters associated with attenuators’ 15A
to I5E is the same as described in the
copending application.

“The time over which the averaging of the
products of the error signals and the data
symbols is made is _determined: by counter
26 -and. gate 21
clock 25 and prodiices an output at some

preset number of counts. Upon the-appear-

ance of the counter output;. switches 21A
to 21E, indicated symbolicially in- detached
contact - form as crosses, are operated in

gate 21. The contents of low-pass filters

The operation of these slicers in
up-down ~ reversible

-Counter 26 is-driven by:
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%20 are thus connected penodlcallyr to slicers

- The adjustment of attenuator 15C at the
reference tap 14C depends on a correlation

of the . present error and present data
symbol. -

ponent h, of the impulse response uniform
from symbol to symbol and renders valid
the assumption earlier made that the output
of subtractor 32 is the error ‘signal contain-
ing only interference components of the
channel impulse response. - '

On: the other hand, the adjustments of
the remaining attenuators 15  depend on
-cotrelations of the present error signal and
past or future data symbols. Therefore,
these attenuators automatically tend to re-
duce the individual intersymbol - mterference
components -at samphng intervals “in the
error signal -to’ minimum values.

. The time over which successive samples '
should be: averaged and, consequently the

count: preset’ in counter 26 is ‘a complex
function of the size of the incremental: steps

i05

Therefore, -the - setting of this
attenuator maintains the principal com- .

110
115
120

125

provided in attenuators 15 and the degree

of dlStOl‘thIl ‘and " noise in- transmission
‘channel 11. \. For transmission over thé

-average voice telephone lines' at a trans--
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estimat Ed 1. Apparatus-for: estabhshmg optimum

settings for the multipliers in a transversal
equaliser from:a _message ‘data sequence re-
ceived from an dxstortmg transmission:
medium, . compnsmg means for- repeatedly
determining error s1gnals as the difference
between txme-spaoed ‘analog  samples and
standardised estimates of the data sequence
in message signals received.by said equaliser,
means for repeatedly ‘miultiplying said error
signals and a‘ plurality of standardised
estimates of the: data ‘sequence occurring
with, before and after “said error signals,
means for. separately 'tegratmg repeated
products from. said ‘multiplying means for
the duration of a: predetermined: plurahty of
successive error signals: to obtain estimates
of individual time-spaced interference com-
ponents of the:impulse response of said
transmission channel, 'and  means respon-
sive to periodic- polanty 'isamples of the
estimates of interference icomponents in said
integrating means; for’ ad;ustmg step-by-step
said attenuators m a direction so as to re-
duce said interfer --'omponents over a
period of time :
2. A transvers equahser for receiving
from a distorting: ;transmission medium
polarity determ' ‘bin _ry data S1gnals

. <45

50

et

55

60

: ‘;.«A .

@n-espggjm m;;ons ngms )
%ﬁ?&% %Zﬁgﬁs of'ﬁlamates of T

i

theeafnrs detécting the giolacity- of averages from

gitel-1
C*‘E.?ne%o

id
ultlples 0.

angr at) /gregeleed

Fhe settings q&rpaldeqmuatgrerso as to
u

or A st

Outfebeih included in the means foF

ang lis) mehnst for oferisdicatly sﬁcmg the -

outputs of thé means for averaging "m

accordance with the polarity thereof.

seguenge:
o

5“&9&“" |

95

An equaliser according to claim 2.: .
or 3, comprising means for _continuously "

_storing a plurality of successive estimated
data symbols from said detecting means,
means for delaying by a fixed number of

periods the samples from said sample-taking

105
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each error. signal from said subtracting
means with a plurality of successive data
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for multiplying are a plurality of product-
taking means for multiplying each error
sample by plus or minus one according to
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storing means.
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stage of said shift register, the contents -

of the shift reglster stage determmmg

whether the common input signal is effec-

tively multiplied by plus or minus one.
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polarity determnant binary data signals tively nmultiplied by pl us

or m nus one. 6 1, 105, 959
6. An equaliser according to any one_ _ - K G JOHNSTON, of
claims 2 to 5, wherein included .in the =7 Chartered Patent Agent:
means for averaging are | ow pass filters. . ' 5 Morni-ngt on Road -
7. A transversal equaliser substant i ally 5 as herein described with
refergnce to and- W)odf %9955 een, Essex. as shown in ¢the ™
acconpanying_draw ng ent for the Applicants.
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Bui I di nd’%eanﬂA ;gj rsa ;P:lsl%stafflauy' - 5 Momington Road, . fTom whi ch\,(
COpI 685 @Ml th reference to and I WOOdford Gl'_een, ESSCX. )
as shown in the accompanymg drawmg T -.Agent fo‘r' the Applicants.
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