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The weights of least mean square (LMS) adaptive filter are updated with a different set of taps than are used to form
the output of the adaptive filter in the adaptive processing device of the present invention. As a result of performing the
multiplications and sums required for the filter operation simultaneously, an integral number of clock cycle delays appear
in the narrowband and error feedback channels. The number of taps (18a-18b) of the tapped delay line (16) of the inven-
tion are increased, whereby the increased delay through the delay line may be used to compensate for a delay through the filter
of an integral number of clock delay cycles. Instanteneous weight updating in accordance with the signal being utilized, may then
be achieved at a clock rate frequency that is ten times or more greater than prior art adaptive filters.
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DIGITAL ADAPTIVE FILTER

BACKGROUND

Least mean sguare (LHS) adaptive signal processing
employ adaptive filters which require instantaneous weight
updating. For digital ptqcessors this means that the input
signal is sampled, the adaptive filter output is calculated

and subtracted from the input sample, and the resulting
"error is used to update the weights during a single clock

cycle. This procedure requires that several sets of
¢oerations be performed sequentially, which limits the
sampling rate and hence the throughput of the processor.
The present invention provides a digital adaptive filter
that allows for the throughput of a digital adaptive
processor to be substantxally increased, for example, by a

factor of ten or more.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 represents a prior adaptive filter, and

Fig. 2 represents an adaptive filter constructed in

accordance with the present invention.
TECHENICAL DESCRIPTION

An example of a prior digital adaptive filter 10
is shown in Pig. 1 in which 16 weight accumulators 22a=-22p
are utilized. During operation of this device the input
signal on the line 12 is sampled by the analog-to-digital
converter 14 and is passed on the line 15 through the
decorrelation delay device 17 to the line 19. The signal
on line 19 is termed the "reference channél signal®. The
reference channel signal is then shifted down the tapped
delay line 16 through the 16 taps 18a-18p. . Signals on the
taps are passed on the lines 19a-19p through a series of
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multipliers, 20a-20p, where the tap values are multiplled
by the then current’ weight values stored in the
accumulators 22a-22p.

The output products of. the multlplxers are next summed:
in a four step summer. consistlng of the summers 24a—24h,

- 26a-268, 28a-28b and 30 to provide a narrowband channel

signal on the line 32, The summed narrowband channel
signal on the line 32 is subtracted from the dlgltlzed
input signal on the line 34 by the subtractor 33. The
signal on the line 38 is a digital error sxgnal which is
supplied on the line 39 as the error feedback channel
signal to- the multlpliers 42a-42p, along with the taps
values 18a-18p, to update the weight values of the
accumulators 22a-22p via the lines 21a-21p, and it is also
supplied to the'digital-to-analog converter 41 to frovide
an output signal.

While the described prior circuit of Fig. 1
operates satisfactorily at low clock rates, if the clock
that controls the analog-to-digital converter 14 and the

digital-to-analog converter 41 is increased in fregquency,

there will not be sufficient time in one clock cycle to
perform all of the sequential operations described above.
The circuit shown in Pig. 2, which represents the present
invention, spec1f1es that the above operations be performed
simultaneously as opposed to sequentially. Hence, the
amount of time allowed for each operation may’ increase by 2
factor of 10 or more. In the example given above, a
seQuence of seven operations must be performed in a single
clock cycle. But in the current invention, these
operations are petformed simultaneously, thus allotting a
full clock cycle to each operation.‘ Then because each
operation has seven times, the allotment of time in which
to be executed, the clock freguency, and hence the

throughput, can be increased by a factor of seven.

" However, by performing these operations simultaneously, an

integral number of clock cycles of delay appear in the
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narrowband channel and the error feedback channel, which
violates the instantaneous update criterion of the LMS
algorithm. The present invention incorporates a method for
compensating for these time delaYs.' :

5 4 In the embodiment of Fig. 2 integral number of clock
dela? cycles which may occur are compensated for as the
clock freguency increases by the addition of one tap for

- each clock delay cycle. For example, as shown in the
circuit of Fig. 2, there are 17 taps, (l8a-18g) on the

10~ delay line 16, for a 16 bit adaptive filter in which a
single clock delay cycle occurs. The first tap 18A is
connected to the left-most multiplier 20a which also
receives a signal representative of the weight value stored
in the left-most accumulator 22a. 1In a corresponding

19 - manner, each of the taps 18b-18p are connected to the
corresponding one of the multipliers 20b-20p which
respectively receive the stored weight values from the one

" of the accumulators 22b=-22p. The digital error feedback
channel signal is supplied to the multipliers 42a-42p,

20 along with the taps values 18b-18g, in order to update the
weight accumulator values. The important difference from
the prior art circuit, is that the taps, values used to
update the weight accumulator values are shifted by 1 tap
with respect to the taps used to generate the narrowband

25 output taps.

While only a single tap is shown as being added in the
drawings for a single delay cycle, for simplicity of
{llustration, it is apparent that an integral number of
clock delays through the narrowband channel and error

30 feedback channel may be compensated for in a similar manner
by adding additional taps as required due to the length of
the delay. The multipliers 20a-20p are employed to form
the narrowband channel signal, in conjunction with the taps
18a-18p, by coupling tap 18a to multiplier 20a, tap 18b to

35 multiplier 20b, etc. through tap 18p which is coupled to
multiplier 20p. Weight updating is accomplished by
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supplying the error feedback channel signal to the ]
multipliers 42a-42p, which are also supplied with the taps
values which are displaced from the values 18a-18p by the
numpet of taps'ngeded to compensaxe'for the delay ‘through
the circuit. ’ '
For example, in the illustrated embodiment, the
multxpl1er 42a is connected to the tap 18b since there is
only one addltxonal delay tap provided on the delay line.
If three clock cycle delay times were reguired, then three
additional taps would have to be provided on the left-hand
end of the delay line. The first of these taps would be
connected to the multiplier 20a, the second would be
connected to the multiplier 20b and the third would be

.connected to the multiplier 20c. BHowever, in this case the

first’ tap that would be connected to the multiplier 42a,
would then be the fourth tap from the left of the delay
line, and the fifth tap from the left-hand of the delay
1ine would be connected to the multiplier 42b. 1In this
manner, a three clock cycle delay would be provided between
the time that the multiplier 20a multiplied the signal on
tap 18a with the weight from the accumulator 22a until the
time that the error £eedback channel signal was applied to
the multlplier 42a. The error feedback channel signal in
conjunction with the ‘'signal which was then concurrently
present on the foprth tap from the left-hand side of the
delay line would then be used to update the stored weight
value in the accumulator 22a. '

The timing of the device is such that the occurrence
of the reference channel signal in the left-most tap

provides a predicted value that uses the weight value then
 stored in the accumulator 22a to provide an error signal in

¥

the error feedback channel. When the same reference
channel signal reaches a particular tap along the delay
line at the same instant that the error feedback signal

‘reaches the one of the multipliers 42a-42p that is

associated with the delayed tap, the weight accumulator to
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Jhich it is coupled will be updated s0 as to achieve the
desired synchronization.

While a particular embodiment has been disclosed, it
is intended that this patent be inclusive of all
5 embodiments of the invention that are encompassed within
' its scope.
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CLAIMS
1. In.a,digital adaptive line enhancer comprising,

an input signal means for receiving an analog

o ' ' ) input signal, - : : .

5 analog-to-digital input converter means for
receiving said input signal and for providing a first
"~ digital signal,

decorrelation delay means for receiving a sample
of said input signal and providing a delayed reference.
10 signal therefrom,

signal delay means compriéing a plurality of relay
tap means for providing tapped delays of said reference
signal from said decorrelation device,

a élurality of weight accumulator means each
15 having its input coupled to one of said signal multiplying
. means, and equal in number thereto, for supplying a
separate weight value signal on each of their outputs,

a first plurality of signal multiplying means for
multiplying said tapped delay signal from one of said delay
20 tap means by one of said weight value signals,

summing means coupled to the outputs of said first
plurality of signal multiplying means for providing a
narrowband channel digital signal representative of the
outputs .of said multiplying means,

25 ' - subtracting means for subtracting said narrowband
channel digital signal from said first digital signal and

for supplying an error output signal representative of the
difference theteof,

o
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_error feedback channel means for supplyiné a
sample of said error signal,

a second plurality of signal multiplying means
equal in 'number to said first plurality of signal
multiplying means, wherein each of said plurality of signal
multiplying means is coupled to receive said error feedback
channel signal and each is. coupled to one of said delay tap
means of said signal delay means, and

clock means coupled to control the clocking of
said analog-to-digital input converter means, which is

" operated at a clock frequency which results in a signal

delay through said narrowband channel and said error
feedback channel that is equal to the period of an integral
number of clock cycles,

the improvement comprising additional delay tap
means provided on said signal delay means so that there are
more delay tap means on said delay means than there are
caid weight accumulator means by an amount which is equal
to the total number of clock cycles of delay through the
narrowband channel and the error feedback channel,

wherein said delay tap means are interconnected
with said first and second multiplying means so that the
signal which is at any given delay tap means at a
particular time is coupled to a given one of said first
multiplying means along with a given weight accumulator
means at this particular time to form a component of an
initial narrowband channel signal which will be at a
subsequent tap delay means after a delay time that is
substantially equal to said total signal, wherein said
subsequent delay tap means is connected to the one of said
second multiplying means which is utilized to update the
same weight accumulator means that was used to produce said

component of said initial narrowband channel signal.
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