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under constraints of the throughput of the digital sig- nal processor.
BACKGROUND OF THE INVENTION:                            US-4,805,215
discloses an adaptive echo can- celler having a transversal filter. To
reduce the num- The present invention relates to an automatic   5   berof
operations which are necessary in the filter, in- equalizer and
particularly to a semiconductor Inte-  dividual taps are turned off if
their associated tap grated circuit containing an automatic equalizer or an
coefficients are lower than a threshold level. How- adaptive digital filter
and the circuits associated  ever, this circuit does not reduce the number
of oper- therewith and, more particularly, to a semiconductor  ations which
are required to update the tap coeffi- integrated circuit applied to an
echo canceler type   10  cients. transmitting device for data transmission
over tele-    US-3,992,616 discloses an equalizerwherein up- phone lines.
dating of the tap coefficients is suspended for low in- Where telephone
lines or similarcircuits are used  put signal amplitudes. This measure is
intended to forvoice and data transmission, the transmission line  prevent
input signal noise from affecting the equalizer characteristic is known to
fluctuate. Thus an automat-  15  stability. At normal signal levels, all
tap coefficients ic equalizer is incorporated in the receiver or in the
are updated. transmitter, the coefficient of the equalizer being var- ied
in accordance with the transmission line charac-  SUMMARY OF THE INVENTION:
teristic as it changes. The priorartautomatic equalizeris generally con-
20  it is therefore an object of the present invention stituted by a
transversal filter. The operations of the  to overcome the above and other
deficiencies and filterfall intotwocategories: thoseforgenerating afil-
disadvantagesof the priorart and to provide an equal- ter output value
based on input data and tap coeffi-  izer which reduces the amount of
operations for up- cients (called output operations), and those for mod-
dating tap coefficients while providing an equalizing ifying tap
coefficients by use of the filteroutputvalue,  25  characteristic
substantially equivalent to that of con- the difference from an ideal
filter output value, and  ventional automatic equalizers which update all
tap the input data (called update operations).          coefficients in
every sampling period. Meanwhile, improvements in the digital signal
It isanother objectof the present invention to pro- processor (DSP)
technology of late years have made  vide a semiconductor integrated circuit
for digital sig- it possible to implement an automatic equalizer using   30
nal processing, the circuit affording a capability to a DSR Although the
typical DSP seeks to improve the  converge tap coefficients as well as a
capability to efficiency of multiply and add operations, there are  follow
up the characteristic fluctuation of the trans- limits to the amount of
operations that may be per-  mission line forsampled data, the two
capabilities be- formed within a given sampling time. This disadvan-  ing
substantially the same as those of automatic tage appears to have been
minimized by the automat-  35  equalizers that update all tap coefficients
in each ic equalizer proposed In Japanese Patent Laid-Open  sampling
period. No. 59-139717. The proposed equalizer is designed       These
objects are solved by the equalizer of to lower the amount of operations
per sampling time.  claim 1 and the integrated circuit of claim 8. The sub-
However, this inventor has found that the above-  claims are directed to
preferred embodiments of the mentioned prior art automatic equalizer has
two dis-  40  invention. advantages. One disadvantage is that in its
training    Representative features of preferred embodi- period, the
proposed automatic equalizer provides a  ments of the present invention are
summarized as fol- slower convergence of tap coefficients than other
lows: equalizers which update the coefficients in each        An automatic
equalizer according to an embodi- sampling period. The other disadvantage
found by   45   ment of the invention is capable of updating tap coef- this
Inventor is that in a system where the character-  ficients and is designed
to vary the frequency at istic of the line for transmitting sampled data
contin-  which to update the tap coefficients depending on the uously
changes, the follow-up characteristic of the  magnitude thereof. automatic
equalizer tends to deteriorate.               One method forvarying
thefrequencyatwhich to Japanese Patent Laid-Open No. 60-206232 dis-  50
update tap coefficients involves dividing them into a closes a method for
updating part of the tap coeffi-  plurality of groups, some groups
comprising taps cients involved in the Initial stage of training and for
whose coefficients are updated at relatively high fre- updating all tap
coefficients from the middle stage of  quencies, other groups containing
taps whose coef- training onward. One disadvantage of this method
ficients are updated at lower frequencies. Another found by this inventor
is that because all tap coeffi-  55   method forvarying the frequency
atwhich to vary the cients need to be updated In each sampling period   tap
coefficients involves doing so on the basis of the from the middle stage of
training onward, the number  resultof having judged the magnitude of the
tap coef- of the taps of the automatic equalizer must be limited  ficients.
2    



3                   EP 0 456 242 B1                  4 Specifically, the
first method involves setting dif-  BRIEF DESCRIPTION OF THE DRAWINGS:
ferent tap coefficient updating frequencies for differ- ent groups.
Illustratively, one group has Its tap coef-  Fig. I is a logic circuit
diagram of an automatic ficients updated in each sampling period; another
equalizer as a first embodiment of the Invention; group has its tap
coefficients updated every m (m  [err]   5  Fig. 2 is a logic circuit
diagram of an automatic 2) sampling periods; yet another group has Its tap
equalizer as a second embodiment of the inven- coefficients updated every n
(n > m) sampling peri-     tion; ods; and a further group has its tap
coefficients up-   Fig. 3 is a logic circuit diagram of an automatic dated
at a relatively low frequency, half of the tap    equalizerasa third
embodiment of the invention; coefficients being alternately updated In each
sam-   10  Fig. 4 is a view showing how the tap coefficient pling period.
training count is related to error occurrences; The above method, when
applied to a system in       Fig. 5 is a block diagram depicting any of the
em- which the phase characteristic of the sampled data      bodiments being
applied to an echo canceler in transmission line does not fluctuate
appreciably,       an ISDN transmitter; makes it possible to predict
roughly which taps will  15  Fig. 6 (A) is a view illustrating a typical
input sig- have high or low coefficients. The taps having high     nal for
use with the embodiments; coefficients are constituted by a circuit for
updating  Fig. 6 (B) is a view showing another representa- the coefficients
in each sampling period; the taps with  tive input signal for use with the
embodiments; their low coefficients are constituted by a circuit for  Fig.
6 (C) is a view plotting tap coefficients asso- updating the coefficients
every J [err] sampling per-  20  ciated with the Input signal of Fig. 6
(B); and iods. The taps having the high coefficients are asso-       Fig. 7
is a block diagram of a typical digital signal ciated significantly with
the time to converge tap      processor to which any of the embodiments may
coefficients in the initial stage of training as well as  be applied. with
the capability to follow up on the gain fluctuation overthetransmission
line in steadystate. Thus, to up-  25   DESCRIPTION OF THE PREFERRED date
the taps having the high coefficients in each  EMBODIMENTS: sampling period
leads to appreciably Improving the above convergence time and follow-up
characteristic     Fig. 1 shows an automatic equalizer as the first
compared with conventional methods. According to    embodiment of the
invention for use with a system in the invention, there is provided an
equalizing charac-  30   which the phase characteristic of the transmission
teristic which involves less amounts of operations and  line does not
fluctuate significantly. yet is substantially the same as updating all tap
coef-  In Fig. 1, Input data Xi  [err] 18 input con- ficients in each
sampling period.                   secutively via an input terminal 1 into
delay elements With a system in which the phase characteristic  ][err] the
elements 2-i each having of the transmission line fluctuates significantly,
It is  35   a delay time corresponding to the sampling period in- difficult
to predict which taps have high or low coeffi-  volved. Multipliers 4-i
[err] multiply adjust- cients. Thus according to the invention, there are
ad-  able tap coefficients [err] by the input ditionally provided
comparators that compare the out-  data Xl. An adder 7 generates an output
of put of each tap coefficient with the absolute value thereof. If
acomparatorjudges thatthe absolute value   40 of a given tap coefficient is
greater than the output              [err] thereof, that tap is connected
to the circuit for updat- ing tap coefficients in every sampling period. If
a comparator judges that the output of a given tap coef-  A subtracter 9
performs a "Y - Yd" operation. A mul- ficient is greater than the absolute
value thereof, that  45  tiplier 5 multiplies the output of the subtracter
9 by a tap Is connected to the circuit for updating tap coeffi-  tap update
coefficient g (i.e., g  (Y - Yd)). cients every n (n [err] 2) sampling
periods. The compar-     Multipliers 3-i (I = I - k) multiply a sampling
sig- ators need not operate in each sampling period; they  nal Xi [err] by
the output of the multiplier 5 (g. need only act individuallywith respectto
each tap and  (Y-Yd)). Subtracters 6-i [err]subtractthe output at the
frequency compatible with the fluctuation char-  50  of the multipliers 3-i
from that of delay elements 20-i acterlstic of the transmission line. In
this manner, the  (i = I - k) each having a delay time corresponding to
invention makes the amount of operations per sam-   the sampling period
(i.e., preceding tap coefficient). pling period lower than the prior art
circuit that up-  The result is the updated tap coefficients. This update
dates all tap coefficients in every sampling period. At  operation is given
by the equation the same time, the above-described improved con-  55
[err] vergence time and follow-up characteristic are also     Meanwhile,
the output of the multiplier 5 is routed made available with the invention.
alternately to either of two lines 11-1 and 11-2 every sampling period by a
switching circuit 10. 3    



5                    EP 0 456 242B1                   6 Odd-numbered
multipliers 3-i (i = k + 1, k + 3, ...)  plying section made of the
multipliers 4-1 through 4- multiply the signal placed onto the line 11-1,
i.e., the  k generate Input signals [err] through [err] destined to the
result of g.(Y - Yd), i.e., by the sampling signal Xi (i =  adder 7. Block
B corresponds to the tap coefficients k . 1, k + 3, ...). Even-numbered
multipliers 3-i (I = k  [err] through [err] of Fig. 1. Because the tap
coeffi- + 2, k + 4, ...) multiply the signal placed onto the line   5
cients of block B are smallerthan those of blockAand 11-2, also the result
of g (Y - Yd), by the sampling sig-  because the value fluctuation in
steady state tends to nal Xi (i = k + 2, k + 4, ...). The outputs of the
multipli-  be slow, a third multiplying section made of the mul- ers 3-i
are subtracted by subtracters 6-i (I = k + I -  tipliers 3 - k + 1 through
[err]alternately updates k + [err]) from the preceding tap coefficients.
During the  every other tap coefficient in each sampling period.
subtraction, the even-numbered tap coefficients are   10   This scheme
reduces the total amount of operations subtracted from [err] the
odd-numbered tap coef-    per sampling period. A fourth multiplying section
ficients are subtracted from [err]. The result of the  made of the
multipliers 4 - k + 1 through 4 - k + 2[err] gen- subtraction is regarded
as newly updated tap coeffi-  erates input signals [err] through [err]
towards the ad- cients. That is, the update operations on the tap coef-
der 7 by use of the updated or preceding tap coeffi- ficients [err] are
given by the equations   15   cients. That is, the newly updated tap
coefficients are [err]        used by the fourth multiplying section as
they are for (i = k + 2, k + 4, ..., k + 2[err])             the signal
generation; those not updated in the cur- [err]         rent sampling
period are in fact the same as the pre- (i = k + 1, k + 3, ..., k + 2[err]
- 1)           cedingtapcoefficientsand arestill used bythefourth In other
words, the entire tap coefficients Cl (i = k +   20   multiplying section
as the basis for the above signal 1 k + 2[err]) are updated every two
sampling periods.      generation. As described, the first, the second and
Fig. 6 (A) depicts a representative Input signal to  the fourth multiplying
sections have all of their inter- be applied to the input terminal 1
attached to the first  nal multipliers carry out operations in every
sampling embodiment of Fig. 1. The input signal, supplied ev-  period,
whereas the third multiplying section has only ery [err] sampling periods
to the input terminal 1, is for-  25   half of its internal multipliers
perform operations per warded past the delay element 2-1 and into the delay
sampling period. With the first embodiment of the in- element 2-2 of the
next stage. In this manner, the In-  vention, the frequency at which to
update tap coeffi- put signal is shifted consecutively up to the delay ele-
cients varies depending on the magnitude thereof. ment 2 - k + 2[err] - 1
of the last stage.                This makes It possible to reduce the
total number of Fig. 6 (B) Illustrates another typical Input signal  30
operations persampling period. Thefirstembodiment to be supplied via the
input terminal 1 to the first em-  also ensures the initial convergence
time and the fol- bodiment In Fig. 6 (B), only one input signal pulse is
low-up characteristic equivalent to those provided by shown to be supplied
during a sampling period T1 for  conventional circuits that update all tap
coefficients the sake of simplifying the description of a filter cir-  in
every sampling period. cuit. Fig. 6 (C) depicts the tap coefficients Ci (i
= 1 [err]   as  Fig. 2 Is a logic circuit diagram of an automatic k +
2[err]) with respect to the input signal of Fig. 6 (B).  equalizer as the
second embodiment of the invention, The horizontal and the vertical axes of
Fig. 6 (C) rep-  the embodiment being used in a system in which the resent
time and amplitude values, respectively. In    phase characteristic of the
transmission line does not Fig. 6 (C), hollow circles stand for an actually
output  fluctuate appreciably. In both Figs. 1 and 2, like ref- tap
coefficient each. In a system in which the phase   40   erence characters
designate like or corresponding characteristic of the transmission line
does not fluc-  parts. tuate appreciably, impulse values may be divided
into    The output operations of the automatic equalizer two blocks A and B
as depicted, block A comprising    as well as its update operations on the
tap coeffi- high tap coefficients, block B containing low tap coef-  cients
[err] through Ck are the same in both Figs. 1 and ficients. For example, in
the echo canceler for use   45   2, and any repetitive description of these
aspects is with an ISDN (integrated services digital network)    omitted
accordingly. subscriber line transmitter, tap coefficients [err]
For update operations on the tap coefficients through [err] are greater
than tap coefficients [err] and  [err] through [err] the connection of
lines 21-1 and up when a plurality of subscriber lines are connected
21-2to the multipliers 3-i in Fig. 2 is differentfrom that thereto. This
allows the tap coefficients to be divided   50  in Fig. 1. That is, the
line 21-1 is connected to the mul- into the two blocks A and B. Block A
corresponds to  tipliers 3-i (i = k + 1 [err] k + [err]) and the line 21-2
to the the tap coefficients [err] through Ck of Fig. 1. Because
multipliers 3-i (I = k + [err] Thus the tap the tap coefficients fluctuate
appreciably both in ini-  coefficients are updated by the equations tial
convergence time and in steady state, update op-          [err] erations
are performed in each sampling period by a   55           [err] first
multiplying section made of the multipliers 3-1         [err] through 3-k.
On the basis of the tap coefficients up-           [err] dated by the first
multiplying section, a second multi-   The update operations on the tap
coefficients Ci 4    



7                   EP 0 456 242 B1                  8 (I = k + 1 [err] K +
2[err]) are divided into two groups of taps,  ing counts, and the vertical
axis for mean square er- i.e., the first half and the second half. As in
Fig. 1 the  rors. In Fig. 4, the characteristic plotted by solid line whole
tap coefficients [err] are up-  represents the convergence characteristic
fully dated every two sampling periods. That is, blockAof  equivalent to
that of automatic equalizers that update Fig. 6 (C) corresponds to the tap
coefficients [err]   5   all tap coefficients in each sampling period. That
is through [err] in Fig. 2, the values thereoffluctuating sig-  the
comparable equalizing characteristic is main- nificantly both in initial
convergence time and in stea-  tained while the amount of operations per
sampling dy state. Thus in each sampling period, the first mul-  period is
reduced. In Fig. 4, the characteristic plotted tiplying section made of the
multipliers 3-1 through 3-  by two-dot chain line is the convergence
characteris- k performs update operations. On the basis of the tap   10
tic of conventional equalizers such as the one dis- coefficients updated by
the first multiplying section,  closed in Japanese Patent Laid-Open No. 59-
the second multiplyingsection made of the multipliers  139717, the
equalizers updating odd- and even- 4-1 through 4-k generates the input
signals [err] through  numbered tap coefficients alternately regardless of
[err] for the adder 7. Block B-1 In Fig. 6 (C) corresponds  the magnitude
thereof. to the tap coefficients [err] through [err] in Fig. 2, and   15
Fig. 3 is a logic circuit diagram of an automatic block B-2 to the tap
coefficients [err] through [err]  equalizer as the third embodiment of the
invention for in the respective figures. Because the tap coeffi-  use
illustratively in an audio signal transmission sys- cients in blocks B-1
and B-2 aresmallerand theirfluc-  tem in which the phase characteristic of
the transmis- tuations slower than those in block A, the third multi-  sion
line fluctuates significantly. In both Figs. 1 and plying section made of
the multipliers 3- K+ 1 through   20   3, like reference characters
designate like or corre- 3 - k + [err] and the fourth multiplying section
made ofthe  sponding parts. multipliers 3 - k + [err] + 1 through 3 - k +
2[err] are made   The output operations by the automatic equalizer to
operate alternately. That is, the two multiplying  of Fig. 3 are the same
as those in Fig. 1, given by the sections alternately update half of the
tap coefficients  equation In each sampling period, thereby reducing the
total  25 amountof operations persampling period. Afifth mul-
k tiplying section made of the multipliers 4  - k + 1              [err]
through 4 - k + 2[err] generates the Input signals [err] through [err] for
the adder 7 by use of the updated or preceding tap coefficients. That Is,
the newly updated   30   The tap coefficients Ci are input not only to the
mul- tap coefficients are used by the fifth multiplying sec-  tipliers 4-i
but also to comparators 17-i. The compar- tion as they are for the signal
generation; those not  ators 17-i compare the absolute values of the tap
updated in the current sampling period are In fact the  coefficients with
the tap coefficients input from an in- same as the preceding tap
coefficients and are still  put terminal 16. If the absolute value of a
given tap used by the fifth multiplying section as the basis for  35
coefficient is greater than the coefficient from the in- the above signal
generation. As described, the first,  put terminal upon comparison, a 1 is
output; if the ab- the second and the fifth multiplying sections have all
solute value is smaller, a 0 is output The multiplier 5 of their Internal
multipliers carry out operations in ev-  weights the outputof the
subtracter 9 byg. The output ery sampling period, whereas the third and the
fourth  of the subtracter 9 is connected via a line 13 to termi-
multiplying sections have their internal multipliers  40   nals A of
switching circuits 15-i(i = [err] on the one perform operations every two
sampling periods. With  hand, and to a switching circuit 18 on the other.
The the second embodiment of the invention, the frequen-  switching circuit
18 conducts every n (n [err] 2) sampling cy at which to update tap
coefficients varies depend-  periods. The output of the switching circuit
18 is con- ing on the magnitude thereof. This makes It possible  nected via
a line 14 to terminals B of the switching cir- to reduce the total numberof
operations persampling   45  cuits 15-i (i[err] The switching circuits 15-i
are period. The second embodiment also ensures the Ini-  connected to the
terminals A when the output of the tial convergence time and the follow-up
characteristic  comparators 17-i (i = I - k) is 1, and is connected to
equivalent to those provided by conventional circuits  the terminals B when
the output of the comparators that update all tap coefficients in every
sampling per-  17-i is 0. The output of the switching circuits 15-i is iod.
50  connected to the multipliers 3-i for use in updating tap Fig. 4
illustrates Initial convergence characteris-  coefficients. tics oftap
coefficients. With the circuitof Fig. 2 in use,  The third embodiment
updates tap coefficients the total number of taps is set for 50. The
initial con-  as follows: vergence characteristic shown by solid line in
Fig. 4   When the third embodiment, or the automatic applies where the tap
coefficients [err] through e[rr] are  55   equalizer, enters its Initial
convergence stage, the tap updated in each sampling period and where the
tap   coefficients are all cleared to zero. Thus upon start of coefficients
[err] through [err] are updated every two   training, the output of the
comparators 17-i is 0, and sampling periods. The horizontal axis stands for
train-  the switching circuits 15-i are all connected to the ter- 5    



9                   EP 0 456 242 B1                 10 minals B. All tap
coefficients are updated using the  of the direct resistors R3 and R4 is
subtracted by a equation
subtracter 105 from that of the impedance R1 and re- [err]
sistorR2. where, i = 1 through k and n [err] 2.                      A
plurality of digital signal processors, intercon- As the tap coefficients
converge, they become   5   nected via telephone lines, each perform
transmit greater in value. Some taps cause the corresponding  and receive
operations simultaneously. In operation, comparators 17-i to output 1's.
The switching circuits  just as the digital signal processor of Fig. 5
feeds its 15-i connected to the taps that had the comparators  transmit
signal to the telephone line 104 via the DIA 17-i output 1's are switched
from the terminals B to  converter 101 and transformer 103, a transmit
signal the terminals A. As the transmission line characteris-  10  from
another digital signal processor, not shown, is tic fluctuates, the
switching circuits 15-i alternate be-  received concurrently by the
processor of Fig. 5 via tween the terminals adaptively in accordance with
the  the telephone line 104, transformer 103 and A/D con- magnitude of the
tap coefficients Ci. Thus in steady  verter 102. The balancing network
circuit 100 com- state, the tap coefficients are updated using either
prising the subtracter 105 is provided to prevent part the equation
15  of the transmitsignal from the D/Aconverter 101 from [err]
being fed back as a noise component to the AID con- (i = any number between
1 and k)             verter 102 via the transformer 103. or the equation
The balancing network circuit 100 is designed to [err]           exclude
the intrusive feedback of the transmit signal depending on the relationship
between tap coeffi-  20  on the assumption that the transformer 103 has a
cients and their reference values.                  constant impedance of,
say, 135 [err]. In practice, how- The comparators 17-i need not operate In
every  ever, the Impedance is bound to contain error, and the sampling
period; they may act independently for the  telephone line status changes
over time. Since it is respective taps. Furthermore, the comparators need
quite impossible to predict the kind of status the con- only operate in
cycles that allow them to follow up on   25  nected telephone line will be
In, the echo canceler is the fluctuation of the transmission line
characteristic.  used to ensure the removal of the undesirable com- Thus
having the comparators compare one tap per    ponent (i.g., echo component)
that sneaks into the re- sampling period amounts to the addition of one
oper-  ceiving side from the transmitting side in practice. ation per
sampling period. On the other hand, there  This is where any of the filter
circuits of Figs. 1,2 and is assumed a case in which the total number of
taps   30   3 shown here as a black box comes in. The filter cir- is 50 and
in which 16 of the switching circuits 15-i are  cuit cancels the echo
component Yd using the signal connected to the terminals A and the
remaining 35 to  Y. the terminals B. In that case, the above scheme per-
Fig. 7 is a block diagram of a typical digital signal forms 17 update
operations fewer per sampling peri-  processor to which any of the above
embodiments od than conventional arrangements for updating all  35  may be
applied in order to implement the functions of tap coefficients in every
sampling period. Since the  the automatic equalizer. taps with high
coefficients are updated in each sam-   The digital signal processorof Fig.
7 is built on the pling period, the follow-up characteristic in steady
so-called Harvard architecture that separates pro- state does not
deteriorate.                        gram memory from data memory. In this
processor, Fig. 5 shows how the above-described automatic  40  its
operation data transfer section is basically sepa- equalizer is applied
illustratively to the echo canceler  rated from its instruction transfer
section. The oper- for use with an ISDN transmitter. The ISDN transmit-
ating section of the digital signal processorcomprises ter is connected to
a telephone line via a balancing  a data RAM 100 and a data ROM 201 which
store va- network circuit 100. A D/A (digital-to-analog) conver-  riable
and coefficient data to be handled in digital sig- ter 101 converts
transmit data into an analog signal  45  nal processing. A plurality of
data buses 202 through of a plurality of levels, the signal being fed to
the bal-  204 are connected to their corresponding ports of the ancing
network circuit 100. A receive analog signal  memories 200 and 201 for
parallel data transfer. In from the balancing network circuit 100 is
converted  addition, a multiplier 206 and an arithmetic and logic by an A/D
(analog-to-digital) converter 102 into a dig-  unit 207 are provided
independently of each other so ital signal, the latter signal being sent to
the down-  50  that multiply and add operations of high frequencies stream
side of the transmitter. The balancing network  are carried out in
parallel. For example, the write port circuit 100 removes the voltage
component of the   of the data RAM 200 is connected to the data bus 204.
transmit analog signal from the voltage component  The read port of the
data RAM 200 and thatof the data provided by the telephone line 104 via a
transformer  ROM 201 are connected respectively to the data bus- 103.
Overall, there are provided direct resistors R3   55   es 203 and 202. The
data placed onto the data buses and R4 having a resistive potential
dividing ratio equal  202 and 203 are supplied via registers 208 and 209 to
the one furnished by an impedance R1 and a re-  to the multiplier2O6 and
arithmeticand logic unit 207. sistor R2 ofthe transformer 103. The divided
potential  The multiplier 206 and arithmetic and logic unit 207 6    
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with data from the data bus 204. The  ister 232, the repeat counter 233, a
condition code result of the operation by the multiplier 206 is held in
register 234, a delay register 235 and a general reg- a register 210 for
one instruction cycle before being  ister array 236. fed to the arithmetic
and logic unit 207. The arithmetic  The address pointer 230 is used to
address the and logic unit 207 performs add and subtract opera-   5   data
RAM 200, data ROM 201 and general registerar- tions on the data supplied
selectively from the regis-  ray 236. The status register232 containsflags
thatre- ter 210 and data RAM 200 or from the data ROM 201  flect the
internal status of the digital signal processor and data bus 204. The
results of the operations by the  such as the data input/output state of
the parallel out- arithmetic and logic unit 207 are held temporarily in
put register 217 and the Interrupt mask state. The accumulators 211 and 212
before being placed back  10  control register231 retains various
conditions forcon- onto the data bus 204.
trolling the operation of the digital signal processor 1. In Fig. 7, the
delay elements 2-i and 20-i shown  The repeat counter 233 is used to count
the number in Figs. 1 and 2 are functionally implemented by the  of times a
given repeat instruction (e.g., multiply or data RAM 200; the multipliers
3-i, 4-i and 5 are also  add) is executed. functionally implemented by the
multiplier 206; and  15  The instruction control section of the digital
sig- the adder 7 and subtracters 6-i and 9 are likewise im-  nal processor
comprises, but is not limited by, the pro- plemented by the arithmetic and
logic unit 207.    gram counter 240 that retains the address of the in- The
Interface between the digital signal proces-  struction to be executed
next; stack registers 241 sor and an external host processor is provided by
a  through 244 thatsave thevaluesof the program coun- parallel input
register 216 and a parallel output regis-  20  ter 240 up to a nest count
of 4 upon an external inter- ter217, both connected toan
input/outputbuffer215.  ruption or upon a jump or branch; a micro ROM 245
Access to the registers 216 and 217 from the outside  which retains an
operation program of the digital sig- is controlled by a bus Interface
controller 218 that  nal processor Illustratively in the form of a
plurality of supplies a chip select signal CS, a read/write signal
microinstruction sequences and which Is addressed R/W and a four-bit
function signal FO - F3. The func-  25  by the output of the program
counter 240; a microin- tion signal FO - F3 is a control signal that
selects any  struction register 246 that fetches microinstructions of the
registers 216 and 217, a program counter 240  output from the micro ROM
245; a microinstruction (to be described later) and a control register 231
for  decoder247 that decodes microinstructions from the a direct read or
write operation from the outside, the  microinstruction register 246 in
order to generate va- selection being made based on the logic value com-
30  rious internal control signals; and a function mode bination of the
signal bits in the chip selected state.  controller 248 that provides
address control over mi- illustratively, the function signal FO - F3
corresponds  croinstructions on the basis of interruptions and the to a
certain bit in an address signal that is output by  like. the host
processor, not shown.                        In anyoftheaboveembodiments,
the micro ROM The interface between the A/D converter and the   35  245
contains the operation program for echo cancel- D/Aconverterls provided
byaserial inputregister220  lation. and aserial outputregister221, both
connected tothe    The function mode controller 248 provides in- internal
data bus 204. Inputs to and outputs from  struction address control and
interruption control in these registers are controlled, but not limited, by
a  accordance with the information supplied by the bus serial interface
controller 222 that receives sampling   40  interface control 218 or the
serial interface controller enable clock signals RSAM1 and TSAM1. The
serial   222. That Information comprises the data for desig- Interface
controller 222 supplies the serial input reg-  nating input/output
operations on the serial input reg- ister 220 with a serial input clock
signal SICK in syn-  later 220 or serial output register 221 and the data
for chronization with the change in the sampling enable  specifying direct
access to internal registers from the clock signal RSAM1, thereby admitting
and control-  45  outside. Depending on the type of data received, the ling
the data that is input in bit serial format. In addi-  function mode
controller 248 generates the address tion, the serial interface controller
222 supplies the  of the destination to which o branch microprograms serial
outputregister221 with a serial outputclocksig-  for the necessary
processing routine, saves the cur- nal SOCK in synchronization with the
change in the  rent resources in effect at a given point in time, or re-
sampling enable clock signal TSAM1, thereby con-  5o  stores the preceding
state once the current action is trolling the data output in bit serial
format. The sam-  completed. In a sequence in which a group of micro- pling
enable clock signals RSAM1 and TSAM2 are      instructions Is executed, the
next address of the mi- output from, but not limited by, programmable
timers  cro ROM 245 may be supplied through, but not limited 224 and 225.
The timer settings are established un-  by, the microinstruction register
246. der control of the host processor or under micropro-  55  To improve
the throughput of operation instruc- gram control.
tions, the micro ROM 245 contains operation pro- Thedata bus 204
isfurtherconnected with an ad-  grams compatible with a horizontal
microinstruction dress pointer 230, a control register 231, a status reg-
scheme that is capable of executing a plurality of op- 7    
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instruction cycle. The operations that  take into account the fact that
address point con- may be executed parallelly In one instruction cycle in-
trol becomes complicated unless the delay ele- clude an operation by the
multipiler 206, an operation  ment storage area is divided by group. by the
arithmetic and logic unit 207, and write and   (3) In a system where the
phase characteristic of read operations to and from the data ROM 201, RAM
5  the transmission line fluctuates significantly, it is 200 and various
registers. A multiply operation,       difficult to predict the taps with
high coefficients executable in all instruction cycles, is performed by
and those with low coefficients. In that case, as an instruction selecting
the input data of the multiplier  depicted in Fig. 3, the comparators 17-1
through 206. The result of the multiply operation is stored In  17-k are
added to compare the absolute value of the register 210. In the next
instruction cycle, the re-  10  each tap coefficient with the actual output
there- sult of the multiply operation is utilized by the arith-  of. If a
comparatorjudges that the absolute value metic and logic unit207 carrying
out add and subtract  of a given tap coefficient Is greater than the out-
operations. In this manner, multiply and add opera-    put thereof, that
tap is connected to the circuit for tions are parallelly executed undera
pipeline scheme,  updating tap coefficients in every sampling peri- and
multiply and add operations are efficiently per-  15  od. If
acomparatorjudges thatthe outputofagiv- formed apparently in a single
instruction cycle.       en tap coefficient Is greater than the absolute
val- The above-described embodiments offer the fol-     ue thereof, that
tap is connected to the circuit for lowing major benefits:
updating tap coefficients every multiple sam- (1) In a system where the
phase characteristic of  pling periods. The comparators need not operate
the sampled data transmission line does not fluc-  20  in each sampling
period; they need only act indi- tuate appreciably, it Is possible to
roughly predict  vidually with respect to each tap and at the fre- the taps
whose coefficients are high and those     quency compatible with the
fluctuation charac- with low coefficients. In such a case, as depicted
teristic of the transmission line. In this manner, In Figs. 1 and 2,
circuits are configured so that the  the invention when embodied makes the
amount taps with the high coefficients will be updated in  25  of
operations per sampling period lower than the each sampling period while
the taps with the low   prior art circuit that updates all tap coefficients
in coefficients will be updated every two sampling    every sampling
period. At the same time, the periods. In the automatic equalizer, the taps
hav-  above-described improved convergence time Ing the high coefficients
are associated signifi-  and follow-up characteristic are also made avail-
cantly with the time to converge tap coefficients  30  able with the
invention. in the initial stage of training as well as with the  While
preferred embodiments of the invention capabilitytofollow up on the gain
fluctuation over  have been described using specific terms, such de- the
transmission line in steady state. Thus, to up-  scription is for
illustrative purposes only, and it is to date the taps having the high
coefficients in each  be understood that changes and variations may be
sampling period leads to appreciably improving   35  made without departing
from the spirit and scope of the above convergence time and follow-up char-
the appended claims. acteristic compared with conventional methods.     For
example, the embodiment of Fig. 3 Involves While reducing the amount of
operations per     setting up the comparators 17-i and the switching cir-
sampling period, the invention when embodied    cuits 15-i for all taps. A
variation of this embodiment provides the equalizing characteristic
equivalent  40   may have the taps divided into a plurality of contigu- to
thatof conventional arrangements for updating  ous blocks, each block being
assigned a comparator all tap coefficients in every sampling period.  and a
switching circuit. If the total number of taps is (2) In the above setup,
as shown in Fig. 2, the tap  50, the taps may be divided into five blocks
(1 to 10, coefficients are divided into two groups, one   11 to 20, 21 to
30, 31 to 40, 41 to 50). A comparator comprising the tap coefficients [err]
through [err]45  arrangement may be added to any of the taps in a giv- the
other containing the tap coefficients [err]  en group or to the total sum
of the absolute values of through [err], each group having its tap coeffi-
the tap coefficients therein. A switching circuit ar- cients updated
independently. This scheme       rangement may operate on the comparator
output so makes it possible within each of the above groups  as to adjust
the frequency for updating the tap coef- to make contiguous the addresses
for consecu-  50  ficients in that block in a unified manner. tively
updating the values of delay elements by    The setups in Figs. 1, 2 and 3
comprise two circuit multiply and add operations, the delay elements
combinations. One circuit combination contains the being illustratively
contained in the data RAM 200  circuit for updating tap coefficients In
every sampling of Fig. 7. That is, address control over the data  period
and a circuit for updating them every two sam- RAM 200 becomes easier. By
contrast, where ev-  55  pling periods. The other circuit combination
contains ery second tap is illustratively put into another  the circuit for
updating tap coefficients in every sam- group so that the tap coefficients
will be updated  pling period and a circuit for updating them every n by
group (as in the prior art), it is necessary to  sampling periods. However,
these circuit combina-    15                  EP 0 456 242 B1
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tions are not limitative of the present invention. If the  ation of the
sampled data transmission line. Although total numberoftaps is large, or if
significantdifferenc-  these capabilities are implemented using only a lim-
es exist between tap coefficients, the number of op-  ited number of
digital signal processing steps, they erations perunittime may
befurtherreduced bycom-    are equivalent to those of automatic equalizers
that bining three or more circuits for updating three or   5   update tap
coefficients in each sampling period. more groups of tap coefficients at
different frequen- cies. For example, one group may have its tap coef-
ficients updated in each sampling period; another    Claims group may let
its tap coefficients be updated every m (m [err] 2) sampling periods; and
in anothergroup, its tap   io  1. An automatic equalizer comprising:
coefficients may be updated every n (n > m) sampling         means (1, 2-)
for obtaining a plurality of periods.
contiguous Input sampling signals; The input terminal of the automatic
equalizer in          means (4-i) for multiplying said plurality of any of
Figs. 1 through 3 may be constituted by a de-    sampling signals by tap
coefficients; sired numberof bits. In addition, the automatic equal-  15
an adding circuit (7) for adding the sam- izer, together with its analog
circuits such as the AID  pling signals multiplied by said tap
coefficients; and D/A converters, may be Incorporated in a single     and
chip for use with the digital signal processor.               updating
means (3-i, 5, 6-i, 10, 11-1, 11-2, The above embodiments have adopted a
linear         12, 15-i, 18, 17-i, 21-1, 21-2) for updating said tap
filterarrangement. As an alternative, a nonlinearfilter  20  coefficients
on the basis of the signal output sup- scheme may be adopted. Another
alternative is to use    plied by said adding circuit (7); a nonlinear
filter in the area where the tap coeffi-          characterised In that
said updating means cients need to be updated in each sampling period or
includes means (10, 11-1, 11-2, 12, 15-i, 16, 17- where the tap
coefficients are expected to be high.     i, 21-1, 21-2) for effecting
updating of said tap The foregoing description has centered on the   25
coefficients at frequencies which depend on the echo canceler type
transmitter to which the invention   magnitude of said tap coefficients. is
applied. However, this application is not limitative of the invention. The
invention may also be applied to  2. An automatic equalizer according to
claim 1, diverse filtering processes for modems, voice com-
wherein one group of tap coefficients is pression, voice synthesis and
image processing.  30     updated in each sampling period and other To sum
up, the invention provides the following     groups of tap coefficients are
updated every pre- major advantages:
determined multiple sampling periods. One circuit arrangement involves
varying the fre- quency at which to update tap coefficients depending  3.
An automatic equalizer according to claim 1, on the magnitude thereof.
Another circuit arrange-  35        wherein one group of taps has their
coef- ment involves setting up a plurality of groups of tap   ficients
updated at a relatively high frequency coefficients, one group having its
tap coefficients up-  and another group of taps has their coefficients
dated in each sampling period, the other groups hav-    updated at a
relatively low frequency, said fre- ing their coefficients updated every
multiple sam-      quencies being determined in accordance with pling
periods. These arrangements provide the ad-  40   the magnitude of said tap
coefficients. vantage of reducing the total number of operations per unit
sampling time while ensuring the equalizing  4. An automatic equalizer
according to claim 3, characteristic substantially equivalent to that of
con-  wherein each of said groups of taps has their ventional equalizers
that update all tap coefficients in  coefficients updated at a different
frequency. every sampling period.                         45 For a system
whose characteristic fluctuates sig-  5. An automatic equalizer according
to claim 4, nificantly in steadystate, a circuit arrangement is pro-
wherein one group of taps has their coefficients vided to change adaptively
the frequency at which to    updated in each sampling period, another group
update tap coefficients by monitoring the values        of taps has their
coefficients updated every m (m thereof. This arrangement reduces the total
number  50  [err]) sampling periods, and afurthergroup of taps of
operations per unit sampling time without degrad-    has their coefficients
updated every n (n > m) ing the equalizing characteristic of the automatic
sampling periods. equalizer. Furthermore, the invention provides a novel
sem-  6. An automatic equalizer according to claim 3, iconductor integrated
circuit arrangement for digital  55  wherein half of the tap coefficients
in said group signal processing, the arrangement ensuring im-         of
taps whose coefficients are updated at arela- proved capabilities in terms
of converging tap coeffi-  tively low frequency are updated alternately in
cients and following up on the characteristic fluctu-   each sampling
period. 9    15                  EP 0 456 242 B1 



tions are not limitative of the present invention. If the  ation of the
sampled data transmission line. Although total numberof taps is large, or
if significant differenc-  these capabilities are implemented using only a
lim- es exist between tap coefficients, the number of op-  ited number of
digital signal processing steps, they erations per unit time may be further
reduced by com-  are equivalent to those of automatic equalizers that
bining three or more circuits for updating three or   5   update tap
coefficients in each sampling period. more groups of tap coefficients at
different frequen- cies. For example, one group may have its tap coef-
ficients updated in each sampling period; another    Claims group may let
Its tap coefficients be updated every m (m [err] 2) sampling periods; and
in anothergroup, its tap   10  1. An automatic equalizer comprising:
coefficients may be updated every n (n > m) sampling          means (1,
2-i) for obtaining a plurality of periods.
contiguous input sampling signals; The input terminal of the automatic
equalizer In          means (4-i) for multiplying said plurality of any of
Figs. 1 through 3 may be constituted by a de-    sampling signals by tap
coefficients; sired number of bits. In addition, the automatic equal-  15
an adding circuit (7) for adding the sam- izer, together with its analog
circuits such as the A/D  pling signals multiplied by said tap
coefficients; and D/A converters, may be Incorporated in a single     and
chip for use with the digital signal processor.               updating
means (3-i, 5, 6-i, 10, 11-1, 11-2, The above embodiments have adopted a
linear          12,15-i, 16, 17-i, 21-1, 21-2) for updating said tap filter
arrangement.As an alternative, a nonlinearfilter  20  coefficients on the
basis of the signal output sup- scheme may be adopted. Another alternative
is to use  plied by said adding circuit (7); a nonlinear filter in the area
where the tap coeffi-          characterised In that said updating means
cients need to be updated In each sampling period or     Includes means
(10, 11-1, 11-2, 12, 15-i, 16, 17- where the tap coefficients are expected
to be high.     i, 21-1, 21-2) for effecting updating of said tap The
foregoing description has centered on the   25  coefficients at frequencies
which depend on the echo canceler type transmitter to which the invention
magnitude of said tap coefficients. is applied. However, this application
is not limitative of the invention. The invention may also be applied to
2. An automatic equalizer according to claim 1, diverse filtering processes
for modems, voice com-            wherein one group of tap coefficients is
pression, voice synthesis and image processing.  30     updated in each
sampling period and other To sum up, the invention provides the following
groups of tap coefficients are updated every pre- major advantages:
determined multiple sampling periods. One circuit arrangement involves
varying the fre- quency at which to update tap coefficients depending  3.
An automatic equalizer according to claim 1, on the magnitude thereof.
Another circuit arrange-  35        wherein one group of taps has their
coef- ment involves setting up a plurality of groups of tap   ficients
updated at a relatively high frequency coefficients, one group having its
tap coefficients up-  and another group of taps has their coefficients
dated in each sampling period, the other groups hav-    updated at a
relatively low frequency, said fre- ing their coefficients updated every
multiple sam-      quencies being determined in accordance with pling
periods. These arrangements provide the ad-   40   the magnitude of said
tap coefficients. vantage of reducing the total number of operations per
unit sampling time while ensuring the equalizing  4. An automatic equalizer
according to claim 3, characteristic substantially equivalent to that of
con-  wherein each of said groups of taps has their ventional equalizers
that update all tap coefficients in  coefficients updated at a different
frequency. every sampling period.                          45 For a system
whose characteristic fluctuates sig-  5. An automatic equalizer according
to claim 4, nificantly in steady state, a circuit arrangement is pro-
wherein one group of taps has their coefficients vided to change adaptively
the frequency at which to    updated in each sampling period, another group
update tap coefficients by monitoring the values        of taps has their
coefficients updated every m (m thereof. This arrangement reduces the total
number  50  [err] sampling periods, and a further group of taps of
operations per unit sampling time without degrad-    has their coefficients
updated every n (n > m) ing the equalizing characteristic of the automatic
sampling periods. equalizer. Furthermore, the invention provides a novel
sem-  6. An automatic equalizer according to claim 3, iconductor integrated
circuit arrangement for digital  55  wherein half of the tap coefficients
in said group signal processing, the arrangement ensuring im-         of
taps whose coefficients are updated at a rela- proved capabilities in terms
of converging tap coeffi-  tively low frequency are updated alternately in
cients and following up on the characteristic fluctu-   each sampling
period. 9    17                  EP 0 456 242 B1                  18 



C   L   M   S * 7. An automatic equalizer according to claim 1,
enten bel einer unterschiedlichen Frequenz fort- wherein said updating
means includes                schreibt. comparing means (17-i) for
comparing said tap coefficients in terms of the absolute val-  5.
Automatischer EntzerrergemallAnspruch 4, wo- ues thereof; and
5       bei eine Gruppe von Abgriffen ihrer Koeffienten wherein the
frequency at which to update      in jeder Abtastperiode fortschreibt, eine
andere said tap coefficients is varied depending on the    Gruppe von
Abgriffen ihrer Koeffizienten in jeder result of said comparison.
m (m k 2) Abtastperiode fortschreibt und eine weaitre Gruppe von Abgriffen
Ihrer Koeffizienten 8. A semiconductor integrated circuit comprising a   to
in Jeder n (n > m) Abtastperiode fortschreibt. digital signal processor
constituting an automatic equalizer according to any of claims I to 7, said
6. AutomatischerEntzerrergemMilAnspruch 3, wo- digital signal processor
being incorporated in a    bei die Halfte der Abgniffskoeffizienten in
jeder single semiconductor chip.                          Gruppevon
Abgriffen, deren Koeffizienten bel el- 15      ner relativ niedrigen
Frequenz fortgeschrieben werden, wechselweise in jeder Abtastperiode
Patentansprrlche                                        fortgeschrieben
wird. 1. Automatische Entzenrer mit:                      7. Automatischer
Entzerrergemal Anspruch 1, wo- elner Einrichtung (1, 2-) zum Erhalten el-
20  bei die Fortschrelbungseinrichtung eine Ver- K>       ner Mehrzahl von
zusammenhangenden Einga-           glelchseinrichtung (17-i)zumVergleichen
derAb- be-Abtastsignalen;
griffskoeffizienten  bezuglich ihrer absoluten einer Einrichtung (4-i) zum
Multipizieren     Werte aufweist und der Mehrzahl von Abtastsignalen
mitAbgriffsko-            wobel die Frequenz, bei der die Abgriffs-
effizienten;                                25      koeffizienten
fortgeschrieben werden, abhAngig einer Addierschaltung (7) zum Addieren
vom Ergebnis des Verglelchs verandert wird. der mit den
Abgriffskoeffizienten multiplizierten Abtastaignalen; und
8. Integrierte Halbleiterschaltung mit einem digita- Fortschreibungsmittel
(3-1, 5, 6-i, 10, 11-1,  len Signalprozessor, der oimen automatischen 11-2,
12, 15-i, 16, 17-i, 21-1, 21-2) zum Fort-  30  Entzerrer gemal einem der
Ansprflche I bis 7 schreiben der Abgriffskoeffizlenten auf der
darstelit, wobei der digitale Signalprozessor In ei- Grundlage dervon
derAddierschaltung (7) gelie-      nem elnzelnen Halbleiterchip eingebaut
ist. ferten Signalausgabe; dadurch gekennzeichnet, daB die
Fortschreibungseinrichtung elne   35   Revendlcatlons Einrichtung (10,
11-1, 11-2, 12, 15-1, 16, 17-1, 21- 1, 21-2) zum Fortschreiben der
Abgriffskoeffizi-  1. Egaliseur automatique comprenant: enten bel
Frequenzen, die von derGr8Be derAb-             des moyens (1,2-i) pour
obtenir une plura- griffskoeffizienten abhangen, aufweist.             .
IitN de signaux d'6chantillonnage d'entree conti- K..
40      gus; 2. Automatischer Entzerrer gemrif Anspruch 1, wo-
des moyens (4-i) pour multiplier ladite plu- bei eine Gruppe von
Abgriffskoeffizienten In je-    ralite de signaux d'echantillonnage par des
coef- der Abtastperiode fortgeschrieben wird und wel-     ficients de
prises; tere Gruppen von Abtastkoeffizienten in jeder             un
circuit additionneur (7) pouradditlonner vorbestimmten mehrfachen
Abtastperiode fort-  45    lea signaux d'6chantillonnage multiplies par
les- geschrelben werden.                                 dits coefficients
de prises; et des moyens de mise A jour (3-i, 5, 6-i, 10, 3. Automatimcher
Entzerrer gemAl&Anspruch 1, wo-        11-1, 11-2,12,15-i,16,1
7-i,21-1,21-2) pour mettre bei oine Gruppe von Abgriffen ihre Koeffizienten
A jour lesdits coefficients de prises sur la base du bel einer relativ
hohen Frequenz fortschreibt und   6o  signal d6livre par ledit circuit
additionneur (7); eine andere Gruppe von Abgriffen ihre Koeffizi-
caracterise en ce quo lesdits moyens de enten be! einer relativ niedrigen
Frequenz fort-    mime A jour comprennent des moyens (10,11- schreibt,
wobei die Frequenzen in Obereinstim-      1,11-2,12,15-i,16,17-1,
21-1,21-2) pour effectuer mung mit der GrOBe der Abgriffskoeffizionten
la miseojourdesdits coefficientsde primes A des vorbestimmt sind.
66      frequences qul d6pendent de la valeur desdits coefficients de
prises. 4. Automatimcher Entzerrergemal&Anspruch 3, wo- beijede derGruppen
vonAbgriffen ihre Koeffizi-   2. Egaliseur automatique selon la
revendicatlon 1, 10    19                  EP 0 456 242 B1
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* c   L   M   s * dans lequel un groups desdits coefficients de prises eat
mis A jour pendant chaque p6riode d'6chan- tillonnage, et les autres
groupes de coefficients de prises sont mis A jour pendant toutbs lee pe-
s nodes d'echantillonnage multiples preditermi- n6es. 3. tgallseur
automatique solon la revendication 1, dans lequal les coefficients d'un
groupe   10 de prises sont mis A jour A une friquence relati- vement
6lev6e, et les coefficients d'un autre groupo de prises sont mis A jour A
une friquence relativement faible, lesdites frequences itant de- terminies
en fonction de la valeur desdits coef-  is ficients de primes. 4. egalisour
automatique salon la revendication 3, dans loquel les coefficients de
chacun desdits groupes de prises sontmis AjourA unefrequence   20
diffirento. 5. tgaliseur automatique salon la revendicatlon 4, dans loquel
les coefficients d'un groupe de pri- ses sont mis A jour pendant chaque
p6riode   25 d'echantillonnage, les coefficients d'un autre groups de
prises sont mis a jour toutbs les m pe- rodes d'6chantlllonnage (m = 2), et
les coeffi- cients d'un autre groups de prises sont mis Ajour touts les n
p6riodes d'6chantillonnage (n > m).  30 6. tgaliseur automatique solon la
revendication 3, dans loquel la moitli des coefficients de prises dans
ledit groups de prises, dont les coefficients sont mis A jour a une
frequence relativement fal-  3S ble sont mis A jour alternativement pendant
cha- quo peinode d'6chantillonnage. 7. tgaliseur automatique solon la
revendication 1, K>      dans lequel lesdits moyens de miss A jour  40
comprennent des moyens comparatburs (17-i) pour comparer lesdits
coefficients de prises on ce qui concerno leurs valeurs absolues; et la
fr6quence, a laquelle s'effectue la mise   45 Ajourdesdits coefficients de
prises, sat modifi6e en fonction du risultat de ladite comparaison. 8.
Circuit int6gr6 A semicondubtsurs comprenant un prooesseur de signaux
num6riques constituant  so un 6galiseurautomatique ssion l'une quelconque
des revendications I A 7, ledit processeur de si- gnaux numeriques 6tant
incorponr dans une seu- le microplaquatte A semiconducteurs. s5    


