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COMMONWEALTH OF AUSTRALIA
THE PATENTS ACT 1952

DECLARATION IN SUPPORT OF A
CONVENTION APPLICATION FOR A PATENT

In sugpgrt of the Convention Application made for a Patent for an invention
entitled:

Circuit for Cancelling Whole or Part of a Waveform Using Nonrecursive
and Recursive Filters

I, Susumu Uchihara , ¢/o NEC CORPORATION of 33-1, Shiba 5-chome,
Minato-ku, Tokyo, Japan, do solemnly and sincerely declare as follows:

1. I am authorized by NEC CORPORATION, the applicant for the patent, to
make this declaration on its behalf.

2. The first and second basic applications as defined by Section 141 of the
Act were made in Japan on the 3rd March, 1987 and the l4th October, 1987,
respectivel{ by NEC Corporation, and the third basic apﬁlication as defined
by Section 41 of the Act was made on the l4th October, 1987 by NEC
Corporation and NEC Miyagi, Ltd.

3. Shin’ichi KOIKE, Masaru YAMAGUCHI and Masanobu ARAI, c/o NEC Corporation
of 33-1, Shiba 5-chome, Minato-ku, Tokyo, Japan; and Takenori OGATA, c/o NEC
Miyagi, Ltd. of 2, Aza Raijin, Yoshioka, Daiwacho, Kurokawa-gun, Miyagi,
Japan; are tle actual inventors of the invention and the facts upon which
the said applicant is entitled to make the application are as follows:

NEC Corporation was entitled to make the basic applications by Contract of
Employment between the inventors Shin’ichi KOIKE, Masaru YAMAGUCHI and
Masanobu ARAI as emgloyees and NEC Corporation as employer to all rights in
the inventions of these employees, and NEC Miyagi, Ltd. was entitled to
make the basic application by Contract of Employment between the inventor
Takenori OGATA as employee_ and NEC Miyagi, Ltd, as emplo%er to all rights in
the inventions of this employee. NEC Corporation and NEC Miyagi, Ltd. were
thus persons who would have been entitled to have the patent assigned to
them i1f a patent were granted upon an application made by the inventors and
NEC Corporation has the consent of the co-applicant of the basic
applications to make this application in Australia under International
Convention, the said NEC Miyagi, Ltd. being a subsidiary Company of the
said NEC Corporation.

4. Each of the basic applications referred to in paragraph 2 of this
Declaration was the first application made in a_Convention country in
respect of the invention the subject of the application.

Declared at Tokyo, Japan this 13th day of February, 1989.
NEC CORPORATION

v Signature of Declarant 2
Susumu Uchihara

General Manager

Patents Division

To: The Commissioner of Patents
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(57) Claim

1. A circuit for cancelling whole or part of a received waveform,
comprising:

a nonrecursive filter including a plurality of first delay elements
for converting a symbol into a series of symbols spaced apart a unit time
interval, a plurality of first multipliers associated respectively with
said delay elements for modifying said spaced apart symbols with first
tap weights and an adder for summing outputs of said first multipliers;

a recursive filter for recursively modifying an output of said
delay elements with a second tap weight;

a second multiplier for modifying an output of said recursive
filter with a third tap weight and applying the modified output of the
recursive filter to an input of said adder to cause the adder to produce
a replica of whole or part of said waveform;

a subtractor for combining said replica with a received symbol
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having said waveform; and
tap weight deriving means for deriving said first and third tap

weights from an output of said subtractor.
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Circuit for Cancelling Whole or Part of a Waveform Using
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The following statement is a full description of this invention, including the
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"Circuit for Cancelling Whole or Part of a Waveform

Using Nonrecursive and Recursive Filters"

ABSTRACT OF THE DISCLOSURE

The whole or part of a waveform is cancelled by a
circuit comprising a nonrecursive filter and a recursive
filter. The nonrecursive filter has a plurality of first
multipliers having first tap weights for modifying
symbols successively shifted along a shift register. The
recursive filter is connected in a series circuit to the
shift register and has a second tap weight for
recufsively modifyiné the output of the shift register.
The recursively modified symbol is modified by a second
multiplier having a third tap weight and combined in an
adder with the symbols modified by the first tap weights
to produce a replica of an undesired waveform. The
replica is destructively combined in a subtractor with an
incoming symbol having an undesired waveform. The output
of subtractor is utilized to derive the tap weights to

adaptively control the inputs to the adder.
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TITLE OF THE INVENTION

"Circuit for Cancelling Whole or Part of a Waveform

Using Nonrecursive and Recursive Filters"

BACKGROUND OF THE INVENTION

The present invention relates generally to
waveform correction, and more specifically to a circuit
for cancelling whole or part of a waveform using a
digital filtering technique. The invention is
particularly useful for cancelling echo returning from a
hybrid interface between a four-wire and a two-wire
section of a digital transmission system or cancelling
intersymbol interference that occurs between successive
digital waveforms.

Conventional echo cancellers and decision
feedback equalizers for digital transmission employ a
nonrecursive filter (or alternatively called, transversal
or finite impulse response filter) having a plurality of
tap weights which are adaptively controlled in accordance
with the waveform of an incoming symbol so that it
produces a replica of the undesired waveform to be
destructively combined with the incoming symbol. Because
of the finite numbers of the tap weights, the
nonrecursive filter is not capable of completely
cancelling a long tail portion of the undesired waveform
which occurs as a result of the low-frequency cutoff
characteristic of a line transformer. It is not

practical to provide as many tap weights as necessary to
cancel the tail of a waveform.

SUMMARY OF THE INVENTION

It is therefore an object of the present
invention to cancel an undesired waveform having a long

tail portion in an economical manner.
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According to one aspect of the present invention there is disclosed

a circuit for cancelling whole or part of a received waveform, comprising:

a nonrecursive filter including a plurality of first delay elements
for converting a symbol into a series of symbols spaced apart a unit time
interval, a plurality of first multipliers associated respectively with
said delay elements for modifying said spaced apart symbols with first
tap weights and an adder for summing outputs of said first multipliers;

a recursive filter for recursively modifying an output of said
delay elements with a second tap weight;

a second multiplier for modifying an output of said recursive
filter with a third tap weight and applying the modified output of the
recursive filter to an input of said adder to cause the adder to produce
a replica of whole or part of said waveform;

a subtractor for combining said replica with a received symbol
having said waveform; and

tap weight deriving means for deriving said first and third tap
weights from an output of said subtractor.

According to another aspect of the present invention there is
disclosed an echo canceller comprising:

a nonrecursive filter including a plurality of first delay elements
for converting a symbol which is applied to a hybrid into a series of
symbols spaced apart a unit time interval, a plurality of first
multipliers associated respectively with said delay elements for
modifying said spaced apart symbols with first tap weights and an adder
for summing outputs of said first multipliers;

a recursive filter for recursively modifying an output of said
delay elements with a second tap weight;

a second multiplier for modifying an output of said recursive
filter with a third tap weight and applying an output of the second
multiplier to an input of said adder to cause the adder to produce a
replica of a symbol transcoupled through said hybrid;

a subtractor for destructively combining said replica with said
symbol from said hybrid; and

tap weight deriving means for deriving said first and third tap
weights from an output of said subtractor.
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According to a further aspect of the present invention there is
disclosed a decision feedback equalizer comprising:

a decision circuit;

a nonrecursive filter including a series of delay elements for
successively introducing a unit delay time to an output symbol from said
decision circuit for producing a series of symbols spaced apart a unit
time interval, a plurality of first multipliers associated respectively
with said delay elements for modifying said spaced apart symbols with
first tap weights and an adder for summing outputs of said first
multipliers;

a recursive filter for recursively modifying an output of said
delay elements with a second tap weight;

a second muitiplier for modifying an output of said recursive
filter with a third tap weight and applying an output of the second
multiplier to an input of said adder to cause same to produce a replica
of an intersymbol interference;

a first subtractor connected to an input terminal of said equalizer
for combining said replica with a symbol received at said input terminal
as containing said intersymbol interference and applying the output of
the first subtractor as an input symbol to said decision circuit;

a second subtractor for detecting a difference between said input
symbol applied to said decision circuit and said output symbol from said
decision circuit; and

tap weight deriving means for deriving said first and third tap
weights from said difference.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in further
detail with reference to the accompanying drawings, in

which:

Fig. 1 is a block diagram of an echo canceller
according to a first embodiment of the invention, and Fig.
la shows details of each of the integrators of Fig. 1;

Fig. 2 is a block diagram of an echo canceller
according to a second embodiment of the invention;

Fig. 3 is a block diagram of an echo canceller
according to a third embodiment of the invention;

Fig. 4 is a block diagram of a decision threshold
equalizer according to a fourth embodiment of the
invention;

Fig. 5 is a block diagram of a decision threshold
equalizer according to a fifth embodiment of the
invention;

Fig. 6 is a block diagram of a decision threshold
equalizer according to a sixth embodiment of the
invention;

Fig. 7 is .a typical waveform of an impulse
response; :

Fig. 8 is a graph showing the results of a
simultation test conducted on an echo canceller of the
invention in comparison with an echo canceller having no
recursive filter; and

Fig. 9 is a graph showing the results of a
simultation test conducted on a decision threshold
equalizer of the invention in comparison with a decision

threshold equalizer having no recursive filter.
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DETAILED DESCRIPTION
Referring now to Figs. 1 through 6, digital

filters according to embodiments of the present invention
are illustrated.

The digital filter of Fig. 1 is an echo canceller
for cancelling echoes generated by the transhybrid
coupling at the interface between a four-wire section and
a two-wire section of a digital transmission system. The
digital filter generally comprises a nonrecursive, or
finite impulse response (FIR) filter 10, and first and
second recursive, or infinite impulse response (IIR)
filters 11 and 12.

Nonrecursive filter 10 includes a series of
unit-time delay elements 13-0 through 13-N typically
implemented by a conventional shift register. The shift
register is clocked so that each unit delay time
corresponds to the interval T between successive symbols.
The input of the shift register, or delay element 13-0, is
connected to receive a digital bit stream "an" applied to
a "go-path" terminal 14 which is connected to a hybrid 15
for transmission over a two-wire section of the
transmission system. The input terminals of delay
elements 13-0 through 13-N are connected respectively to
adaptive multipliers 16-0 through 16-(N-1) on the one hand
and to multipliers 17-0 through 17-(N-1) on the other
hand. The outputs of adaptive multipliers 16 are summed
in an adder 18 whose output is fed as an echo replica "rn"
to a subtractor 19 to cancel echo contained in a
"return-path" signal “yn" from hybrid 15. Subtractor 19
produces an output "en" which is supplied to a decision
circuit 20 and to all multipliers 17-0 through 17-(N-1).
These multipliers supply multiplication outputs e *ayr
en'an—l' ieess n-an_N+l to integrators 21-0, 21-1, .....
2.-(N-1), respectively. 1Integrators 21-0 through 21-(N-1)
supply tap weights Cj, Cp, ..... Cﬁ-l to the control
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terminals of adaptive multipliers 16-0 through 16-(N-1),
respectively.

Recursive filter 1l comprises an adder 22, a
unit-time (=T) delay element 23, and an adaptive
multiplier 24. Adder 22 provides summation of the output
of nonrecursive filter 10 from delay element 13-N and the
output of multiplier 24 to produce an output "un" which is
applied through delay element 23 to multiplier 24 having a
variable weighting factor "J". The output of adder 22 is
also applied to an adaptive multiplier 25 whose output
"wn" is summed with the outputs of multipliers 16 by adder
18. The tap weight "K" of multiplier 25 is derived from
multiplication of signals “un" and "en" by a multiplier 26
and integration of the output of multiplier 26 by an
integrator 27.

Second recursive filter 12 comprises an adder 28
which provides summation of the signal "wn" and an output
of a variable multiplier 30 and feeds the multiplier 30
through a unit-time delay element 29 to produce an output
"p," which is mu}tiplied by the factor "J" to be fed back
to adder 28. The tap weight "J" for multipliers 24 and 30

is derived from multiplication of signals "en" and "pn_ "

by a multiplier 31 and integration of the output of '
multiplier 31 by an integrator 32.
Echo replica "rn" is given by:
N-1
r, = iioci-an_i + K-un T .. (1)

where, u, is represented by a recurrence formula given by

apy tJoug_q- This recurrrence formula represents_i
recursive filter having a characteristic 1/(1 - Je2z 7).
Since e, =¥, ~ Ipyr the relation € A E[en2] holds, where
€ represents an average of squared residual echc and E

represents an expectation. The tap weights C; (1 =0, 1,
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2 .... N-1), J and K are determined by minimizing the

average of squared residual echo by the following partial
differential equations:

d€ LR )
—_ - = =9 , r . P
acy 2E |e, ac; | 2F fe ra .1 coveeeno (2)
o€ [ Brn
- = =2E e, - = -2E [en-u | ce. (3)
> :
o€ arn ( 3K-un ]
= =-2FE = =2E —_
3J 2B e 3J “n 3J
L) L J

Since BK-un/BJ is given by:

du
Keu _; + K+J n-l
oJ
and since w, = K-un and Bwn+l/8J = P,

the following relation holds:

Pp < wn + J'pn--l

Therefore,

As shown in Fig. la, each of the integrators
described above preferably comprises a multiplier 40, an
adder 41 having a first input connected to the output of
multiplier 40, and a unit-time delay element 42 connected

in a feedback path between the output of adder 41 and a

second input of adder 41. In the case of integrators

21-0 through 21-(N-1), multiplier 40 corrects the output

signal e ta _ from the associated multiplier 17 with a
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coefficient LR Adder 41 sums the output of multiplier
40 with a unit-time delayed output Ci(v)

(v+1)
14

from delay

element 42 to produce an output C; where i ranges

from 0 to N-1. Therefore, the tap weights C0 through

cN—l for multipliers 16-0 through 16-(N-1) are given by:
(V)

(V+1) .
i - Ci + OLC en an_i ------ .

Cc

Likewise, the tap weights J and K are given by:

(Vv+1) _ (V) e
K = K + oy e U, e ce. (6)

= J(v) + d_ee

(V+1)
J J "n pn—l

The operating characteristic of the echo
canceller of Fig. 1 was verified by performing a
simulation technigque on an echo shown at Fig. 7 having a
negative exponential decay response at a low cut-off
frequency which corresponds to 1/200 of the data
transmission speed. In this simulation test, the
nonrecursive filter 10 was provided with 32 taps (N = 32)
to cancel the major part of the echo replica. At time t
= NT, the amplitude of the echo was -0.0118. To cancel
the tail of an echo, the tap weights K and J of the
recursive filter 11 were -0.0118 and 0.96907 (=e2“/200),
respectively. With initial values for Ci(O), x(0) and
J(O) being set equal to 0, 0 and 1, respectively, the
tail of the echo was successfully cancelled as indicated
in Fig. 8, which favorably compares with the prior art
having no recursive filter.

Since the portion of echo prior to the instant
t=NT is canceled by the nonrecursive filter 10 and the
tail of echo following that instant decays as a function
B_t/T, (where B is a coefficient determined by the
inductance of the hybrid 15, the characteristic, impedance
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and distance of the two-wire transmission medium, the
embodiment of Fig. 1 can be simplified by setting the tap
weights K and J of the recursive filter 11 equal to Cu-1
and B, respectively. The simplified embodiment is shown
in Fig. 2 in which the second recursive filter 12 is
dispensed with and a recursive filter 111 is provided
having adder 122, multiplier 124, delay unit 123 and an
adaptive multiplier 125. Multiplier 124 multiplies the
output of adder 122 with coefficient B, the output of
multiplier 124 being passed through delay unit 123 to the
second input of adder 122 to be'summed with the output of
the delay element 13-N of nonrecursive filter 110.
Adaptive multiplier 125 modifies the output of delay unit
123 with tap weight K=Cy_; -

A further alternative embodiment is shown in Fig.
3 in which the recursive filter 211 includes adder 222
connected to the output of delay element 13-N of
nonrecursive filter 210, adaptive multipliers 224 and 225
and delay unit 223. The tap weight J of multiplier 224
is adaptively controlled by a tap control circuit 200 and
the tap weight of multiplier 225 is set equal to CN—l as
in the previous embodiment. Since tap weights Ci (i=0,
1, .... N-2) and Cle correspond respectively to echo
impulse responses at instants t=iT and t=NT (Fig. 7),
respectively, the ratio Ci/CN—l is given by:

C. — .—
i =8 (i-N)
Cn-1
Therefore,
C. .
B = (— 2 /N ()
Cn-1

Equation (8) is realized by line-segment

1/(N-1)

approximation using a relation ¥ = X , where X =

U AU,
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Ci/CN—l' In Fig. 3, tap weight Ci is taken from the
output of integrator 21-2 of nonrecursive filter 210.
The tap weight values C, and Cy_, are supplied to a
divider 50 to derive a ratio X, which is applied to a
read only memory 51. This memory stores a plurality of
sets of constants A(X) and B(X) in locations addressable
as a function of ratio X. The constant A(X) is applied
to a multiplier 52 to multiply the ratio X and summed in
an adder 53 with B(X) from the memory 51 to yield the
Y-value by an equation ¥ = A(X)+X + B(X). The output of
adder 53 is applied to the tap control input of adaptive
multiplier 224.

The digital filter of the present invention can

also be used as a decision feedback equalizer as shown in

Fig. 4 to cancel intersymbol interference. In this

embodiment, the decision feedback equalizer comprises a

nonrecursive filter 310, a first recursive filter 311 and

a second recursive filter 312. An input bit stream is
applied through an input terminal 301 to a subtractor 302
where it is combined with a cancelling signal to produce
an output signal "zﬂ", which is fed to a decision circuit
303. The output of decision circuit 303 serves as an
input bit stream "dn" to the shift register formed by a
series of unit-time delay elements 60-0 through 60-N.
Adaptive multipliers 61-1 through 61-(N-1) are
respectively coupled to the inputs of delay elements 60-1
through 60-N, the outputs of multipliers 61-1 through
61-(N-1) being summed in an adder 63. A signal
representative of a decision error "e'n" is derived from
signals "zn“ and "dn" by a subtractor 304 and fed to
multipliers 62-1 through 62-(N-1) to multiply the inputs
of delay elements 60-1 through 60-N with decision error
"e'n". The outputs of multipliers 62-1 through 62-(N-1)
are respectively supplied to integrators 64-1 through
64-(N-1) identical to those shown in Fig. la to generate

AT AT TR S




10

20

25

30

35

NE-139-MK
(NA8A/M3)
- 10 -

tap weights C'l through C' for adaptive multipliers
61-1 through 61-(N-1).

Recursive filter 311 comprises an adder 322

N-1

having a first input coupled to the output of delay
element 60-N. A unit-time delay element 323 and an
adaptive multiplier 324 are connected in a loop from the
output. of adder 322 to a second input of adder 322. The
output of adder 322 is further applied to an adaptive
multiplier 325 where it is multiplied with a tap weight
K' which is derived from a multiplier 326 by multiplying
an output signal “u{n" from adder 322 by the signal “e'n"
from subtractor 304 and an integrator 327 which
integrates the output of multiplier 326. Multiplier 325
produces an output "w'n“ which is applied to the adder
63. BAdder 63 generates an output signal "r'n" which is
applied to the subtractor 302 as a cancelling signal, or
replica of intersymbol interference.

Second recursive filter 312 comprises a unit-time
delay element 320 connected to the output of multiplier
325. The output of delay element 320 is summed by an
adder 328 with the output of a feedback loop formed by a
delay element 329 and an adaptive multiplier 330 to
generate an output "p'n" which appears at the output of
adder 328. Multiplier 330 has the same tap weight J' as
that of multiplier 324.

In order to control the tap weights of
multipliers 324 and 330, the output "e'n" of subtractor
304 and the output "p'n" of adder 328 are multiplied by a
multiplier 331 and integrated by an integrator 332 and
fed to the tap weight control inputs of multipliers 324
and 330.

The replica of an intersymbol interference "r'n"
is given by:

N T AN TR S o A A N
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where, u'n is represented by a recurrence formula dn— +

N
[ | s = ' — ! [ I— - = ' -
J'su n-1° Since z, y' r'y and e n z, dn Y'n
r'n - dn » the relation € A E[en2] holds as in the
previous embodiment. The tap weights C‘i (i =0, 1, 2

. N-1), J'" and K' are determined by minimizing the
average of squared residual echo by the following partial

differential eguations:

o€ Sr'n

= -2E e'n = -2E [e' -d ) A (10)
e, ac', -
de [ dr'

= - L ! = =2E [e' su' ] tieiereons (11)
aKl n IK! n
o€ or' T 9K'.u'

= -2E |e' — 2| = -2E |e'n——2~
3J" nag! 3J"

Since BK'-u'n/BJ‘ is given by:

1
du n-1

Ten! ' = .
K'eu n-1 F J Py and W, Keu,
and since w' A K'u'n and BK'-u'n/aJ' A p',s the
following relation holds:
' = ! | |
P Y -1 *Jtep n-1
Therefore,
9e
= -2Ef{e'_p' ] ittt ceesnes (12)
33! n"Pn
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Since the input signal y'n is expressed by:

where, a'n is a transmitted bit stream and 9, represents
the impulse response of the transmission medium.

Assuming that 9y = 1 and IN+m ngm (where m = 0, 1,
.... infinity, and p represents the negative exponential
attenuation coefficient (0 < p < 1) attributed to the
first order low—freqpency cutoff, tap weights C'0 through

C'N—l’ and K' and J' are represented by:

C,i(\)+l) — C,i(V) + ac"e'n'a'n-i e (13)
K'(v+l) = K'(v) + aK'-e' eu' ceesseess (14)
n n
(V+1) _ (v) . .
J! = J + aJ' e'n p'n c e eenea . (15)

where, a,', op' and o' are corregtive coefficients.
Each of the integrators shown in Fig. 4 can therefore be
implemented in a manner similar to that shown in Fig. la.
The operating characteristic of the decision
feedback equalizer of Fig. 4 was verified by performing a
simulation technique on an intersymbol interference
having a negative exponential decay response (p =
e—2n/200) at a low cut-off frequency which corresponds to
1/200 of the data transmission speed. In this simulation
test, the nonrecursive filter 310 was provided with 16
taps (N = 16) to cancel a greater part of the intersymbol
interference. At time t = NT, the impulse response In
was 0.005. To cancel the tail of the symbol, the tap
weights K' and J' of the recursive filter 311 were 0.005

and 0.96907 (=p), respectively. The tail of the

T
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intersymbol interference was successfully cancelled as
indicated in Fig. 9, which favorably compares with the
prior art decision feedback equalizer having no recursive
filter.

Since the portion of an intersymbol interference
prior to the instant t=NT is cancelled by the
nonrecursive filter 310 and the tail of the interference
following that instant decays as a function B_t/T, the
embodiment of Fig. 4 can be simplified by setting the tap
weights K' and J' of the recursive filter 311 equal to
C‘N_l and B, respectively. The simplified embodiment is
shown in Fig. 5 in which the second recursive filter 312
is dispensed with and a recursive filter 411 is provided
having adder 422, multiplier 424, delay unit 423 and an
adaptive multiplier 425. Multiplier 424 multiplies the
output of adder 422 with coefficient B, the output of
multiplier 424 being passed through delay unit 423 to the
second input of adder 422 to be summed with the output of
the delay element 60-N of nonrecursive filter 410.
Adaptive multiplier 425 modifies the output of delay unit
423 with tap weight K'=C' ..

A further alternative embodiment is shown in Fig.
6 in which recursive filter 511 includes adder 522
connected to the output of delay element 60-N of
nonrecursive filter 510, adaptive multipliers 524 and 525
and delay unit 523. The tap weight J' of multiplier 524
is adaptively controlled by a tap control circuit 500 and
the tap weight of multiplier 525 is set equal to C'N_l as
in Fig. 5. Since tap weights C'; (i=0, 1, .... N-2) and
C'N_l correspond respectively to the amplitudes of a
symbol at instants t=iT and t=NT, respectively, the ratio

C'i/C' is given by:

N-1

€ g-tiem
C'

N-1
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Therefore,

c'. 1 .
R T A N E Y

N-1

In a manner similar to that described with
reference to Fig. 3, Equation (16) is realized by
line-segment approximation using a relation Y' =
X'l/(N_i), where X' = C'i/C'N_l. In Fig. 6, tap weight
C'i is taken from the output of integrator 64-3 of
nonrecursive filter 510. The tap weight values C'3 and
C'N—l are supplied to a divider 550 to derive the ratio
X', which is applied to a read only memory 551. This
memory stores a plurality of sets of constants A'(X') and
B'(X') in locations addressable as a function of the
input ratio X'. The constant A'(X') is applied to a
multiplier 552 to multiply the ratio X' to obtain
A'(X'")+X'" which is summed in an adder 553 with constant
B'(X') from the memory 551 to yield the Y'-value by an
equation Y¥' = A'(X')+X' + B'(X'). The output of adder
553 is applied to the tap control input of adaptive
multiplier 524.

The foregoing description shows only preferred
embodiments of the present invention. Various
modifications are apparent to those skilled in the art
without departing from the scope of tha present invention
which is only limited by the appended claims. Therefore;,
the embodiments shown and described are only
illustrative, not restrictive.
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The claims defining the invention are as follows:
1. A circuit for cancelling whole or part of a received wavetform,

comprising:
a nonrecursive filter including a plurality of first delay elements
5 for converting a symbol into a series of symbols spaced apart a unit time
interval, a plurality of first multipliers associated respectively with
said delay elements for modifying said spaced apart symbols with first
tap weights and an adder for summing outputs of said first multipliers;
a recursive filter for recursively modifying an output of said
10 delay elements with a second tap weight;

a second multiplier for modifying an output of said recursive
filter with a third tap weight and applying the modified output of the
recursive filter to an input of said adder to cause the adder to produce

0% a replica of whole or part of said waveform;

=215 a subtractor for combining said replica with a received symbol

cu having said waveform; and

. tap weight deriving means for deriving said first and third tap

o "os weights from an output of said subtractor.

°:°°°§ 2. A circuit as claimed in claim 1, wherein said tap weight

20 deriving means comprises a plurality of first modifying means for

modifying said spaced apart symbols of said series with the output of
said subtractor to derive said first tap weights.

“eovo’ 3. A circuit as claimed in claim 2, wherein each of said first
o..a"s  modifying means comprises:
25 a third multiplier for multiplying a respective one of said spaced
°:°°°E apart symbols with the output of said subtractor;
o;o~-§ a second adder having a first input connected to an output of said
third multiplier; and
°:‘::‘ a second delay element connected between an output of said second

30 adder and a second input of said second adder to derive a respective one
of said first tap weights.
4. A circuit as claimed in claim 1, wherein said tap weight
derivii,g means comprises:
a second recursive filter for recursively modifying an output of
35 said second multiplier with said second tap weight; and
second modifying means for modifying an output of said second

recursive filter with the output of said subtractor to derive said second
tap weight.
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5. A circuit as claimed in claim 4, wherein said second modifying
means comprises:
a third multiplier for multiplying the output of said second
recursive filter with the output of said subtractor;
5 a second adder having a first input connected to an output of said
third multiplier; and
a second delay element connected between an output of said second
adder and a second input of said second adder to derive said second tap
weight.
10 6. A circuit as claimed in claim 4, wherein said tap weight
sere deriving means comprises third modifying means for modifying the output
. of said recursive filter with the output of said subtractor to derive
*7 7 said third tap weight. {
ses o° 7. A circuit as claimed in claim 6, wherein said third modifying ?
° 5 means comprises:
: a third multiplier for multiplying the output of said recursive
filter with the output of said subtractor;
a second adder having a first input connected to an output of said
third multiplier; and

=02°"20 a second delay element connected between an output of said second
LTI adder and a second input of said second adder to derive said third tap
o weight.
o::::, 8. A circuit as claimed in claim 1, wherein second tap weight is
voeoel equal to an attenuation coefficient of a transmission medium.
T2 9. A circuit as claimed in claim 8, wherein said third tap weight
5"-.. is equal to one of said first tap weights.

; 10. A circuit as claimed in claim 1, wherein said third tap weight

is equal to one of said first tap weights, and said tap weight deriving
means comprises:

30 means for determining a ratio between two of said first tap
weights, said two of the first tap weights including said one of the
first tap weights; and

means for deriving said second tap weight as a function of said

e

R AL At S

ratio.
35 11. A circuit as claimed in claim 10, wherein said means for

deriving said second tap weight comprises:
means for generating a pair of first and second constants as a
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means for multiplying said first constant by said ratio; and
means for adding said multiplied constant to said second value and
applying a sum to said recursive filter as said second tap weight.
12.
a nonrecursive filter including a plurality of first delay elements

An echo canceller comprising:

for converting a symbol which is applied to a hybrid into a series of
symbols spaced apart a unit time interval, a plurality of first
multipliers associated respectively with said delay elements for
modifying said spaced apart symbols with first tap weights and an adder
for summing outputs of said first multipliers;

a recursive filter for recursively modifying an output of said
delay elements with a second tap weight;

a second multiplier for modifying an output of said recursive
filter with a third tap weight and applying an output of the second
multiplier to an input of said adder to cause the adder to produce a
replica of a symbol transcoupled through said hybrid;

a subtractor for destructively combining said replica with said
symbol from said hybrid; and

tap weight deriving means for deriving said first and third tap
weights from an output of said subtractor.

13.
weight deriving means comprises a plurality of first modifying means for
modifying said spaced apart symbols of said series with the output of
said subtractor to derive said first tap weights.

14.
first modifying means comprises:

An echo canceller as claimed in claim 12, wherein said tap

An echo canceller as claimed in claim 13, wherein each of said

a third multiplier for multiplying a respective one of said spaced
apart symbols with the output of said subtractor;

a second adder having a first input connected to an output of said
third multiplier; and

a second delay element connected between an output of said second
adder and a second input of said second adder to derive a respective one
of said first tap weights.

15. An echo canceller as claimed in claim 12, wherein said tap
weight deriving means comprises:

a second recursive filter for recursively modifying an output of
said second multiplier with said second tap weight; and

@m/;gsxggy
// N
A

¢ ;:
T;gj//

%5
(W)

g
7




T vt e

5
10
LXX X
°  q
09 L]
©0 oo
° ¢ o
[ o
° oo
o e °
ore o
o2 15
o LN
a
bvoeve
° ]
aooozo
Govo
LR
° o @
va @
ooy ¢
LN
°
©d99d 024
o LY
25
ce
o o
L) e
sdetnz
8 ¢
30
35

-18-
second modifying means for modifying an output of said second
recursive filter with the output of said subtractor to derive said second

tap weight.

16. An echo canceller as claimed in claim 15, wherein said second
modifying means comprises:

a third multiplier for multiplying the output of said second
recursive filter with the output of said subtractor;

a second adder having a first input connected to an output of said
third multiplier; and

a second delay element connected between an output of said second
adder and a second input of said second adder to derive said second tap
weight.

17. An echo canceller as claimed in claim 15, wherein said tap
weight deriving means comprises third modifying means for modifying the
output of said recursive filter with the output of said subtractor to
derive said third tap weight.

18. An echo canceller as claimed in claim 17, wherein said third
modifying means comprises:

a third multiplier for multiplying the output of said recursive
filter with the output of said subtractor;

a second adder having a first input connected to an output of said
third multipliier; and

a second delay element connected between an output of said second
adder and a second input of said second adder to derive said third tap
weight.

19. An echo canceller as claimed in claim 12, wherein second tap
weight is equal to an attenuation coefficient of a transmission medium.

20. An echo canceller as claimed in claim 19, wherein said third
tap weight is equal to one of said first tap weights.

21. An echo canceller as claimed in claim 12, wherein said third
tap weight is equal to one of said first tap weights, and said tap weight
deriving means comprises:

means for determining a ratio between two of said first tap
weights, said two of the first tap weights including said one of the
first tap weights; and

means for deriving said second tap weight as a function of said
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22. An echo canceller as claimed in claim 21, wherein said means
for deriving said second tap weight comprises:

means for generating a pair of first and second constants as a
function of said ratio;

means for multiplying said first constant by said ratio; and

means for adding said multiplied constant to said second value and
applying a sum to said recursive filter as said second tap weight.

23. A decision feedback equalizer comprising:

a decision circuit;

a nonrecursive filter including a series of delay elements for
successively introducing a unit delay time to an output symbol from said
decision circuit for producing a series of symbols spaced apart a unit
time interval, a plurality of first multipliers associated respectively
with said delay elements for modifyiny said spaced apart symbols with
first tap weights and an adder for summing outputs of said first
multipliers;

a recursive filter for recursively modifying an output of said
delay elements with a second tap weight;

a second multiplier for modifying an output of said recursive
filter with a third tap weight and applying an output of the second
multiplier to an input of said adder to cause same to produce a replica
of an intersymbol interference;

a first subtractor connected to an input terminal of said equalizer
for combining said replica with a symbol received at said input terminal
as containing said intersymbol interference and applying the output of
the first subtractor as an input symbol to said decision circuit;

a second subtractor for detecting a difference between said input
symbol applied to said decision circuit and said output symbol from said
decision circuit; and

tap weight deriving means feor deriving said first and third tap
weights from said difference.

24. A decision feedback equalizer as claimed in claim 23, wherein
said tap weight deriving means comprises a plurality of first modifying
means for modifying said spaced apart symbols with said difference and
applying the outputs of said first modifying means to said first
multipliers respectively as said first tap weights.

25. A decision feedback equalizer as claimed in claim 24, wherein
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a third multiplier for multiplying a respective one of said spaced
apart symbols with the output of said second subtractor;

a second adder having a first input connected to an output of said
third multiplier; and

a second delay element connected between an output of said second
adder and a second input of said second adder to derive a respective one
of said first tap weights.

26. A decision feedback equalizer as claimed in claim 23, wherein
said tap weight deriving means comprises:

a second recursive filter for recursively modifying an output of
said second multiplier with said second tap weight; and

second modifying means for modifying an output of said second
recursive filter with the output of said second subtractor to derive said
second tap weight.

27. A decision feedback equalizer as claimed in claim 26, wherein
said second modifying means comprises:

a third multiplier for multiplying the output of said second
recursive filter with the output of said second subtractor;

a second adder having a first input connected to an output of said -

third multiplier; and

a second delay element connected between an output of said second
adder and a second input of said second adder to derive said second tap
weight.

28. A decision feedback equalizer as claimed in claim 26, wherein
said tap weight deriving means comprises third modifying means for
modifying the output of said recursive filter with the output of said
second subtractor to derive said third tap weight.

29. A decision feedback equalizer as claimed in claim 28, wherein
said third modifying means comprises:

a third multiplier for multiplying the output of said recursive
filter with the output of said second subtractor;

a second adder having a first input connected to an output of said
third multiplier; and

a second delay element connected between an output of said second
adder and a second input of said second adder to derive said third tap
weight.
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30. A decision feedback equalizer as claimed in claim 23, wherein
second tap weight is equal to an attenuation coefficient of a
transmission medium.

31. A decision feedback equalizer as claimed in claim 30, wherein
said third tap weight is equal to one of said first tap weights.

32. A decision feedback equalizer as claimed in claim 23, wherein
said third tap weight is equal to one of said first tap weights, and said
tap weight deriving means comprises:

means for determining a ratio between two of said first tap
weights, said two of the first tap weights; and

means for deriving said second tap weight as a function of said
ratio.

33. A decision feedback equalizer as claimed in claim 32, wherein
said means for deriving said second tap weight comprises:

means for generating a pair of first and second constants as a
function of said ratio;

means for multiplying said first constant by said ratio; and

means for adding said multiplied constant to said second value and
applying a sum to said recursive filter as said second tap weight.

34. A circuit for cancelling whole or part of a received waveform,
said circuit substantially as described with reference to Fig. 1 or Fig.
2 or Fig. 3 or Fig. 4 or Fig. 5 or Fig. 6 and Figs. 7-10 of the
accompanying drawings.

35. An echo canceller substantially as described with reference to
Fig. 1 or Fig. 2 or Fig. 3 or Fig. 4 or Fig. 5 or Fig. 6 and Figs. 7-10
of the accompanying drawings.

36. A decision feedback equaliser substantially as described with
reference to Fig. 1 or Fig. 2 or Fig. 3 or Fig. 4 or Fig. 5 or Fig. 6 and
Figs. 7-10 of the accompanying drawings.

DATED this FIFTEENTH day of OCTOBER 1990
NEC Corporation

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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