
1,105,959                                      5
mission rate of 2400 symbols per second  applied at a fixed transmission
rate  com-   65                     it has been found that counter 26
should be  prising a  transversal filter having at least        set to
count to about 20 for a five-tap  a delay  line portion with output taps at
equaliser as  shown  in the drawing.   A   intervals  compatible with said
transmission              5  longer delay line will provide lower resi-
rate  an incrementally adjustable  attend                     dual
distortion.  A  shorter averaging   time  ator connected  to each such
output tap and   70                     produces  wrong attenuator
settings.   A   a summing circuit for combining the attenu -
longer averaging  time increases the settling  ated outputs of all such
taps, means for                     time without  any increase in accuracy,
obtaining samples of the analog output of                10  Settling time
refers to the interval required  said summing circuit at said fixed trans-
to bring the equaliser from  a reference   mission rate, means for
providing  pulse   75                     condition to its  optimum
settings at which  at standardised amplitudes as quantized
time all attenuators are in  the random walk  estimates of the polarity of
samples of  the                     condition. Any change in the
transmission  analog output of said summing circuit,        15  channel
characteristics with time after the  means for subtracting said quantized
estim -                     initial  equalisation  are  automatically  ates
from  said analog samples as inter-  80                     corrected.
ference error signals, means for multiplying 



The principle described in relation to the  each individual error signal by
a plurality                     adaptive estimation  of impulse response
of said quantized estimates including effec-                 20  components
from   a  normal  message  tive past, present and future estimates,
sequence is  however, applicable as well to  means for averaging a
preselected plurality  85 a multilevel data sequence. In the  multi-  of
corresponding successions of products                     level case
provision is  made for making  from said multiplying means as estimates of
impulse response  component estimates for  individual components of the
impulse res-                 25  each slicing level.  Slicer  18  becomes
multi-  ponse of said transmission medium, means                     level
and furnishes quantized samples of the  for detecting the polarity of
averages from   90                     analog output  of the equaliser.  A
digital-  said  averaging  means  at  preselected
to-analog converter is added between line 29  multiples  of said
transmission rate, and                     and  subtractor   32 to
facilitate the de-  means responsive to the detected polarities
30  termination of  the error  signal. A  shift  of said averages for
incrementally changing                     register 24 is required for each
slicing level.  the settings of said attenuators so as to  95
Similarly the remainder of multipliers 23,  reduce present distortion.
filters 22  switches  in gate 21 and binary    3. An equaliser according to
claim 2,                     slicers are also increased in number.
wherein included in the means for detect-
ing is means for periodically slicing the                 35    WHAT WE
CLAIM  IS:-                     outputs of the means for averaging in 100
1. Apparatus  for  establishing optimum  accordance with the polarity
thereof.             settings for the multipliers in a transversal    4. An
equaliser according to claim  2                     equaliser from a
message data sequence re-  or 3, comprising means for continuously
ceived  from  a  distorting  transmission  storing a plurality of
successive estimated                 40 medium, comprising  means  for
repeatedly  data symbols from  said detecting means, 105 



determining error signals as the difference  means for delaying by a fixed
number of                     between time-spaced  analog samples and
periods the samples from said sample-taking
standardised estimates of the data sequence  means to enable effective
correlation of                     in message signals received by said
equaliser,  each error  signal from  said subtracting                 45
means for repeatedly  multiplying said error  means with a plurality of
successive data 110                     signals and   a plurality  of
standardised  symbols, including symbols coincident with,
estimates of the  data sequence occurring  and occurring before and after
each said                     with, before and after  said error signals,
error signal  and included in the means                     means for
separately  integrating repeated  for multiplying are  a plurality of
product-                 50 products from  said multiplying means for
taking means for multiplying each error 115                     the
duration of  a predetermined plurality of  sample by plus or minus one
according to                     successive error signals to obtain
estimates  the polarity of the data symbol in said                     of
individual time-spaced interference com-  storing means.
ponents of the impulse response of said    5. An equaliser according to
claim  4.                 55  transmission channel     and means respon-
wherein included in the storing means is a 120                     sive to
periodic polarity samples of the  shift register having a plurality of
stages                     estimates of interference components in said
for storing said successive estimated data                     integrating
means for adjusting step-by-step  symbols, and  comprising a plurality of
said attenuators in a direction so as to re-  polarity inverters connected
in common to                 60  duce said interference components over a
said delaying means and individually to  a 125                     period
of time.                           stage of said shift register, the
contents                       2. A transversal equaliser for receiving  of
the  shift register stage determining                     from  a
distorting  transmission  medium  whether the common input signal is effec-
polarity determinant binary data signals  tively multiplied by plus or
minus one. 



mission  rate  of 2400 symbols per second applied at a  fixed transmission
rate, com-  65            it  has been found that counter 26 should be
prising a transversal  filter  having at  least            set  to  count
to about  20 for a  five-tap     a delay line with output taps  at
equaliser as shown in  the drawing.    A intervals compatible with  said
trasmission          5  longer delay line will provide lower resi-   rate,
an incrementally adjustable attenu-             dual distortion. A  shorter
averaging time      ator connected to each such output tap and     70
produces  wrong attenuator settings.   A     a summing circuit for
combining the attenu-           longer averaging time  increases  the
settling  ated outputs of all such taps, means for               time
without any  increase  in accuracy   obtaining samples of the analog output
of         Settling time refers to  the  interval required    said  summing
circuit  at  said fixed trans-           to bring the equaliser from  a
reference    mission rate, means  for  providing  pulses   75
condition to its' optimum  settings at which  at standardised   amplitudes
as   quantized           time all attenuators are in the random  walk
estimates of the polarity of samples of the        condition.  Any change
in the transmission  analog  output  of said  summing     circuit,
channel characteristics with time after the    means  for  subtracting said
quantized  estim-         initial  equalisation   are   automatically  ates
from  said analog samples as inter-  80 



corrected.                                      ference error signals
ference error signals means for multiplying              The principle
described in  relation to the  each individual  error signal by  a
plurality            adaptive estimation  of impulse  response   of said
quantized  estimiates including effec-       20  components  from a normal
message   tive past, present and  future  estimates            sequence is,
however ,  applicable as well' to   means for averaging a preselected
plurality  85            a multilevel  data sequence. In  the multi-  of
corresponding successions of products            level case provision is
made for  making from said mutiplying means  as estimates of
impulse  response component estimates for   inividual  components of the
impulse res-       25  each  slicing  level.     Slicer 18  becomes multi-
ponse of said  transission medium  means            leve  and furnishes
quantized samples of the   for detecting  the polarity of averages from
90            analog output  of the equaliser A diigital-    said averging
means at preselected               to-analog converter is added between
line 29   multiples  of said transmission  rate, and           and
subtractor 32  to  facilitate   the de-   means responsive to the  detected
polarities                       30  termination  of the error signal. A
shit  of said averages  for incrementally changing       register 24, is
required for each slicing  level.  the settings of said  attenuators  so as
to  95 Similarly the  remainder of   multipliers   23  reduce   present
distortion.          filters 22. switches  in gate  21 and   binary
3  An    equaliser  according to claim  2, slicers are also  increased  in
number.       wherein  included in   the  means  for  detect-
ing is  means  for  periodically slicing  the      35 WHAT WE CLAIM IS:
outputs  of the means  for averaging in   100         1. Apparatus for
establishing optimum    accordance  with the  polarity    thereof.
settings for the multipliers  in a transversal    4. An  equaliser
according to  claim  2           equalise from  a message data  sequence
re-         3,  comprising means for continuously                 ceived
from  a   distorting  transmission  storing a plurality of successive
estimated 



medium,  comprising means for  repeatedly  data  symbols from  said
detecting  means, 105        determining error signals as the difference
means  for   delaying   by  a fixed number of          between  time-spaced
analog samples and  periods the samples from  said  sample-taking
standardised  estimates    of the  data  sequence  means to enable
effective  correlation of           in message signals received by said
equaliser,   each  error  signal  from  said  subtracting         45  means
for repeatedly   multiplying said error       means with  a plurality of
successive data 110           signal and   a    plurality  of standardised
symbols, including symbols concident with,           estimates of the data
sequence occurring  and    occurring   before   and   after each   said
with  before  and after said  error  signals,    error signal  and
included  in the means           means for  separately integrating
repeated    for  multiplying  are a  plurality of product-      50
products from  said multiplying means  for  taking means for  multiplying
each error                          115                  the  duration of a
predetermined plurality of  sample  by plus  or  minus one according to
successive error signals to obtain  estimates   the  polarity  of the data
symbol  in said of  individual time-spaced interference   com-   storing
means.           ponents of  the impulse response of  said         5 An
equaliser according to claim  4.   55  transmission  channel, and means
respon-   wherein included in  the storing means is a 120           sive
to periodic    polarity samples of the    shift register having a
plurality of stages                       estimates  of interference
components  in  said  for storing said  successive estimated data
integrating   means for adjusting  step-by-step            symbols  and
comprising  a   plurality  of      said attenuators in   a direction so as
to re-   polarity   inverters connected in "common to      60  duce  said
interference  components over a              said delaying means and
individually to  a 125 period of time.           stage  of   said     shift
register, the contents                         2.   A   transversal
equaliser for receiving   of  the shift  register  stage  determining
from   a  distorting  transmission medium whether the common input signal
is effec- 



polarity  determinant binary  data  signals  tively multiplied  by   plus
or minus one.        6                                          1,105,959
6. An equaliser according to any one               - K. G. JOHNSTON,     of
claims 2 to 5, wherein included in the             Chartered Patent Agent
means for averaging are low-pass filters.              5 Mornington Road
7. A  transversal equaliser substantially  5  as herein described with
reference to and            Woodford Green, Essex.     as shown in the
accompanying drawing.                Agent for the Applicants.
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