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| NVENTI ON The present invention relates to an inprovenent of an
adapti i ve 5 auto equalizer which automatically conpensates di Et i on and
noi se®contained in a signal propagated through a transmssion |'ine,

t hereby equalizing the signal to an ideaLlsignaI and outputting t he

| deal signal General .y % u ' refers to a process
of 10 ‘shaping the maveforn1A$ %RR?QSQF §Pg§a n?ghgﬁat of an ideal

out put signal, based on a predetermnm ned adaptive equal i zati on

al gorithm According to the process, a signal distorted by the effects
of vari ous noi ses durlm%[%kéhéﬁﬂﬂ(g%throu a transmssion line is

THE NTION
The present invention relates to an improvement of an adaptive
5 auto equalizer which automatically compensates distortion and
neise contained in a signal propagated through a transmission line,
thereby equalizing the signal to an ideal signal and.outputting
the ideal signal.
Generally, adaptive equalization refers to a process of
10 shaping the waveform of an input signal into that of an ideal output
signal, based on a predetermined adaptive equalization algorithm.
According to the pfoeess, a signal distorted by the effects of
various poises quring propagation through a transmission line is
restored to an original ideal signal.
15 The structure of a conventional adaptive auto equalizer is
shown in Fig. 25. This drawing shows a transversal filter block
1 and an adaptive control block 2. The transversal filter block
1 includes delay units 11, 12, 13, and iN, multiplication units
21, 22, 23, and 2N, and addition units 31, 32, and 3M. The adaptive
20 control block 2 includes a determination unit 41, an error
detection unit 51, and a eoefficienf amendment unit 61.
The transversal filter block 1, which is a well-known FIR
(Finite Impl;lse Response) filter, convolutes a plurality of data
delayed for a respective predetermined time period to an input

25 signal, and outputs the result. To be more specific, the



restored to an original ideal signal. 15 The structure of a

conventional adaptive auto equalizer is shown in Fig. 25. _This
drawi ng shows a transversal filter bl ock -1 and an adaptive-control

bl ock 2. The transversal filter bl ock 1 includes delay units 11, 12,
13, and 1IN, nultiplication units 21-22, 23, and 2N, ?ng addi tion
units 31, 3Ibaribrddl TEe1RdePtH 1Rk 2 | bl I gelude "
determ nation unit 41,  an grroﬁﬂgak ge%@@%&%nqﬂ1iéﬁé% §ﬁ5%8r28§ﬁﬂqﬁ¥§ﬂ
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5 and 2N multiplies each delayed data with a corresponding weight
coefficient, énd the add:_’.tion units 31, 32, and 3M serially add

each multiplication result together and outputs the sum outside.

The adaptive control block 2 serially modifies the welght

coefficients used in the 'multiplication units 21 to 2N, and the

10 weight coefficients change themselvés with time. The serial
modification of thé weight coefficients are necesséry for

adaptive equalization because in such a system as a hard disk or

a compact disk for recording a plurality of signals in high density,

an occurrence of inter-code interference from an adjacent bit

15 causes non-liner distortion of the waveform of a signal or a
decrease in the amplitude of thé signal. In the adaptive control

block 2, thé determination unit 41 compares a signal outpxitted

from the t_ransversal filterblock l1witha prede;termined threshold
value, so as to determine and output the expected value of the

20 signél. The error detection unit 51 finds the error between the_
signal outputted from the traﬁsversal filter block 1 and the

expected value outputted from the determination unit 41. The
coefficient -amendment unit 61 calculates the weight coefficients

of the muitiplication units 21 to 2N of the transversal filter

25 block 1, based on the error value found in the error detection



propagatio'n through a transm ssion line, and each of the delay
11, 12, 13, and 1N delays the signal for a predeterm ned t

units
I me period.

Then, each of the multiplication units 21, 22, 23, 5 and 2N'mul tiplies

each del ayed data with a correspondi ng wei ght coefficient,

and t he

addition units 31, 32, and 3Mserially add each nmul tiplication result
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anpli tUdaffl_ of, .the signal. In_the adaptive control bl ock

Pﬁﬁh%m“ﬂ%ﬁﬁ FL 15 Block, 1saRfAathe AdaRtite control block 2

are bothl ideal, so that the update of each weight coefficient is
performed without any delay and the output signal of the
transversal filter block 1 is convérged upon the expected value_
at an early stage. In actuality, however, the operation of each
of the multiplication units 21 to 2N, the addition ﬁnits 31 to
3M, the determination unit 41, the error detection unit 51, and
the coefficient amendment unit 61 includes a delay amount. As
a result, it is necessary to update a weight coefficient in a time
period corresponding to the sum of these delay amounts. In other
words, it is necessary to use the same value of a weight coefficient
in the time period corresponding to the total delay amounts.
Consequently, there is a problem that it takes long to converge
aweight coefficient upon the expected value, which indicates poor
convergence.

On the other hand, it is possible to calculate and update
a weight coefficient in the coefficient amendment unit 61 for each
of the signals entered sequentially. However, 'appropriate
amendment .of a weight coefficient relies on obtaining the output
signal of the transversal filter block 1 by using the previously

updated weight coefficient, sd that if the update of a weight



fromthe transversal filter block 1 with a predeterm ned threshold

val ue, so as'to determ ne and out put the expected value of the 20 signal.
The error detection unit 51 finds the error between the . signal
outputted fromthe transversal filter block 1 and the ~_expected val ue
outputted fromthe determination unit 4174The coefficient anmendnent

unit 61 calcodfRirsi die i\éebéﬂfoﬁﬁéﬁffcg% %Ellbﬁ of théPbohBBcltilePsigRh1 N vl t's

21 to 2N of the transversal filter - ock 1, based on the ertor val ue

found in tlemtQPutosi¢MAC biFOPhe transversal filter block 1 _is not converged
unit 51, andt?eri all'y nodi fies the wel ght coe1?|0| ents. By repeﬁl ng

this operatigyh tHie SdLted! ggf.h?ofwﬁtj]ght Eggﬁi%hz%évgscillfi I.tger bl ock 1

t )
is made cl oser to the ‘expected val le. r, A neidaptlve
auto equalizer shown in Fig. 25,

5 SUMMARY OF THE INVENTION
The object of the present invention is to solve the

aforementioned conventional problems and to provide an adaptive
auto equalizer which does not oscillate and has-an imp::;oved
convergence by converging the output signal of the transversal

10 filter block upon an expected value in a short time period even
if there is a delay amount in the mﬁltiplication units, the
addition units, the determination unit, the error detection unit;
and the coefficient amendment unit which are included in the
transversal filter block or the adaptive control block.

15 In order to achieve the object, according to the present
invention, the adaptive auto equalizer for adaptive-equalizing
an input .signal by giving a weight coefficient to each of a
plurality of multiplication units is so constructed that the
coefficient amendment unit is improved, each multiplication unit °

20 is provided wi{:h a plurality of weight coefficient holding units
for storing weight coefficients, and the weight coefficients in
the weight coefficient holding units are modified in the time
period corre-sponding to the delay amount by the modification of

the weight coefficients, thereby selecting these weight

25 coefficients serially. Consequently, even if there is a delay



5 the transversal filter block 1 and the adaptive control block 2 are
both ideal, so that the update of each weight coefficient is
perfornmed wi thout any delay and the output signal of the transversal
filter block 1 is converged upon the expected val ue at an early
stage. In actuality, however, the operati-6A of each 10 of the
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period corresponding to the -total delay anounts. Consequently, there
is a probl efPBhGPRVETOLRSE | ong to converge a wei ght coefficient upon
t he expected val ue, which indicates poor convergence. 2 On the
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coefficient in the coefficient anendnent unit 61 for each
present invention comprises: a transversal filter for equalizing

an input signal, the transversal filter including a plurality of
delay unif;s for delaying the input signal, a plurality of
multiplication units for multiplying a weight coefficient with
10 a delay signal of each of the plurality of delay units, and an
addition unit for adding multiplication results of the plurality |
of multiplication units together; a determination unit for
receiving an output of the addition unit of the transversal filter
and determining an expected wvalue of the output:; an error
15 _detection unit for detecting an error between an output of the
transvefsal filter and an output of the determination unit;
and a selection-type coefficient amendment unit for entering the
error outputted from the error detection unit and amending the
weight coefficient to be givén to each of the plurality of
20 multiplication units, pased on the error. The selection-type
coefficient amendment unit includes coefficient modification
units of the same number as the multiplication units, the
coefficient-modification units each calculating an amendment

value  of the weight coefficient and giving an amended weight

25 coefficient to a corresponding one of the plurality of



of the signals entered sequentially. However, appropriate anmendnent
of a weight coefficient relies on obtaining the output signal of the
transversal filter block 1 by using the previously 25 updated wei ght
coefficient, so that if the update of a weight

-4- coefficient is perforned for eaclée-of the consecutive signals, the

out put si gmalltdipliifmtizcansuaiesl fiHda &f 0tkel d&eﬂ@icféiweﬁlaaiflcatlwon
t he expected value, which results in oscillation.
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to solve the af orenent i oned conventional problems and to provi an
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plurality of weight coefficient holdiﬁg units by repeatedly

5 selecting one of the plurality of weight coefficient holdingunits
every time the amendment value of the weight coefficient is
calculated, so that the weight coefficients thus held are given

to a corresponding one of the multiplication units one by one.
According to the above-mentioned structure, as for a weight

10 coefficient to be given to one multiplication unit in the present
invention, a coefficient modification unit for amending the
weight coefficient is provided with a plurality of weight
coefficient holding units for storing the weight coefficients.

In the coefficient modification unit, even if a prédetermined

15 delay time is required for the modification of the weight
coefficient due to the structure of the adaptive auto equalizer,

the weight coefficient is modified for a plurality of times within

the delay time. It is repeated to select one of the plurality

of weight coefficient holding units every time the weight

20 coefficient is modified, and as a result, the weight coefficient
to be held in each weight coefficient holding unit is updated in

the time period corresponding to the predetermined delay time
requiréd f<;r the modification of the weight coefficient.
Therefore, when multiplication is performed in a multiplication

26 unit by using the weight' coefficient held in each coefficient



convergence by converging the output signal of the transversal
bl ock upon an expected value in a short tinme period even

10 filter
if there is a

del ay anou
det er m nat
amendnent

the adapti
accordi ng

adaptive-e
each of a

t he C
20 is pro
for storin
wei ght coe
correspond
coeffi den

10

15

20

25

nt inthe multiplication wunits, the addition units, the
ion unit, the error detection unit, and the coefficient
unit which are included in the7- transversal filter block or
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upon the expected value in a short time without oscillating, which

results in an improvement of the convergence.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the entire structure of the a@aptive auto
equalizér of the first embodiment of the present invention.

Fig . 2 shows the internal stﬁcture of the selection-type
coefficient amendment unit of the firét embodiment.

Fig. 3 shows the internal structure of the coefficient
modification unit for a tap of the first embodiment.

Fig. 4. shows the entire structure of the adaptive auto
equalizer when the tap number is 3 in the first embodiment.

Fig. 5 shows the internal structure of the selection-type
coefficient amendment unit of the first embodiment.

Fig. 6 shows the internal structure of the coefficient
modification unit for_ a tap of the first embodiment.

Fig. 7 shows the timing chart of the first embodiment.

Fig. 8~shows the entire structure of the adaptive auto

equalizer of thé second embodiment of the present invention.

'Fig 9 shows the internal structure of the selection-type



25 coefficients serially. Consequently, even if there is a delay

-5- anount before the nodification of a weight coefficient, the weight
coefficient can be nodified a plurality of nunber of times within t he
time period corresponding to the delay anount, so as to inprove t he
convergence. 5 To be nore specifi8- the adaptive auto equalizer of
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Ebéffﬂblbﬁ\te&héﬁamﬁﬂggfﬂ??%f £nd Eﬁ%a&rﬂm of yhﬁﬁfékéﬁgel oy

an input signal, the transver I'ter 1 ncluding a plural
units foriggkﬁ¥ﬁgg.the i nput signal, a plurality of mul tiplication
units for multiplying a weight coefficient wth 10 a delay signal of each

of  the PLural ey 04 odgh s Y4 S alhAns tructBEd bk Yhd UaptiveddhREor
block of the foufth gmbodiment of the present invention.
5 ' Fig. 11 shows the internal structure of the adaptive control
block of the fifth embodiment of the present invention.

Fig. 12 shows the internal structure of the adaptive control
block of the sixth embodiment of the present invention.

Fig. 13 shows the internal structure of the adaptive controi

10 block of the seventh'embodiment of the present invention.

Fig. 14 shows the internal structure of the selection-type
coefficient amendment unit of the eighth embodiment of the present
invention.

Fig. 15 shows the internal structure of the selection-type

156 coefficient amendment unit of the ninth embodiment of the present
-invention.

Fig. 16 shows the internal structure of the selection-type
coefficient amendment unit of the tenth embodiment of the present
invention. |

20 Fig. 17 shows the internal structure of the selection-type
coeffiéient amendment unit of the eleventh embodiment of the
present invention.

Fig. 18mshows the internal structure of the selection-type
coefficient amendment unit of the twelfth embodiment of the

25 present invention.



of multiplication units together; a determnation unit for recei ving
an output of the addition unit of the transversal filter and
determ ni ng an expected value of the output; an error 15 detection unit
for detecting an error between an output of the transversal filter and
an output of the determ nation unit; -9-and a sel ection-type coefficient

amendment uni t Fhgy, 0 8hiod thR interfhNOLtPUERUrbedE! tRE $8Le8ELBA-type
detection unit and amendi ng the wei ght coefficient to be given to each

of the pluggbiek¥cebnt?BmeMdndnt Lndl 8% ¢hkt _.S_hﬁ%al@ﬁtan ehﬂ‘éd]?.fn%ﬁ“t- of TBfe

sel ection-type coefficrent anmendnent unit 1 ncludes coefficient

nndificatigges n i@&éﬁﬂﬂb&rmasane nunber as the nmultiplication units, the
coefficien noglFication units each cal cul ati ng an anmendnent val ue of

the wel ght, Cockhiel oBf el 900 AT SRSt LI or?Bn§O8b166EEBh-t9p8

5 coefficient amendment unit of the fourteenth embodiment of the
present invention.

Fig. 21 shows the internal structure of the coefficient
modification unit for a tap of the fifteenth embodiment of the
present invention.

10 Fig. 22 shows the internal structure of the coefficient
modification unit for a tap of the sixteenth embodiment of the
present invention.

Fig. 23 shows the internal structure of the coefficient
modification unit for a tap of the seventeenth embodiment of the

15 present invention.

Fig. 24 shows the internal structure of the coefficient
modification unit for a tap of the eighteenth embo&iment of the
present invention.

Fig. 25 shows the entire structure of a conventional adaptive

20 auto equalizer.

DETAILED DESCRIPTION OF THE INVENTION
The preferred embodiments of the present invention will be

described as follows with reference to the drawings.

25



- 6- mul tiplication units. Each of the coefficient nodification

units includes a plurality of weight coefficient holding units; and a
plurality of anmended wei ght coefficients are held in the plurality of
wei ght coefficient holding units by repeatedly 5 selecting one of the
plurality of weight coefficient holding_gglts every tine the anendnent
val ue of t | oefificient is | cul ated, so that the weight
coefficienngﬁﬁhgﬁEgﬁdiare gi ven to a correspondi ng one of the

mul tiplication_ynit ne one.. Acc LN Y E: : L,gned
structure, as &g'af\ﬁ%oﬁgﬁeﬁf‘%‘?Fité"lugﬁturteog%%ng%\l/éeﬁt%gggne 83UBT1 288

mul tiplication unit in the present I nyention, a.caefficient .
nodi f i cat | BRLGRI COMPTisas nbrimﬁversalv\%pgﬁ.prc éﬂcrkc%enqn s 8IPRELVS ¢

211 ket Bl B, om0 B
predetermned 15 delay tinme is required for the nodification of_ the
wei ght 5 units 11, 12, 1N-1 and 1N, multiplication units 21, 22, 2N-1, and
2N, latch units 71, 72, 7N-1, and 7N, and an addition unit 30
consisting of a plurality of adders 301, 302, and 30M. The
adaptive control block 2 includes a determination unit 41, an
error detection unit 51, and a selection-type coefficient
10 amendment unit 52 which features the pfesent invention. The
selection-type coefficient amendment unit 62, as detailed in Fig.
3, includes coefficient modification units 621, 622, and 62N i_:‘or
taps 1 to N each having a plurality of latch units (weight
coefficient holding units) for storing weight coefficients to be
15 given to a corresponding one of the multiplication uni;s 21 to
2N.
The transversal filter block 1 is a well-known FIR (Finite
Impulse Response) filter, and the delay.units 11 to 1N serially
delay an input signal and output delayed signals to the
20 multiplication.units 21 to 2N, respectively. Each of the
multiplication units 21 to 2N multiplies the delayed signal with
the weight coefficient given from the adaptive control block 2.
The additioniunit 30 serially adds the multiplication results of

the multiplication units 21 to 2N together and outputs the sum

925 +to outside. The latch units 71, 72, 7N-1, and 7N are disposed



coefficient due to the structure of the adaptive auto equalizer, t he
wei ght coefficient is nodified for a plurality of tinmes within t he
delay tine. It is repeated to select one of the plurality of wei ght
coefficient holding units every tine the weight 20 coefficient is

nodi fied, and as a result, the weight coefficient to be held in each

wei ght coef beewesh BBednadtipilicativRdaneds D1 to 2N hd iR BEdi%9on unit
corresponding to the predeterm ned delay tine required for the

modi ficatioggofid h@reRiMhtoCoShEbat eHata acchPgit8hY Caueg ! h&ghi-s‘:atbon
Is perfornmed in a nultiplication 25 unit by using The weight coefficient

held in eacgpggsftfiiogli.ent -7-

nodi fication unit, the weight coefficient i nvol ved in the

mul i pli cati on 3D i ARAEL YA IS 2T 13! AbRetnhRdti®n unit 41

5 compares the output of the transversal filter block 1 (the output
of the adder 30M) with a predetermined fhreshold value so as to
determine and output the expected value of the output signal. The
error detection unit 51 detects the efror between the output of
the transversal filter block 1 and the exbected value determined

10 in the determination unit 41. The selection-type coefficient
amendment unit 62 modifies the weight coefficients to be given
to the multiplication units 21 to 2N in the transversal filter
block 1, by using the error value detected by the error detection
unit 51.

15 In i:he transversal filter block 1, a delay amount before the
output of a signal occurs in each of the multiplication units 21,
22, 2N-1, and 2N, the latch units 71, 72, 7N-1, and 7N, and the
addition unit 30. Also in the adaptive control block 2, a delay
amount before the amendment of a weight coefficient occurs in each

20 of the determination unit 41, the error detection unit 51, and
the selection-type coefficient amendment unit 62. In the
conventional adaptive equalizer, a delay amount is not ideally
taken into c;nsideration for the coefficient amendment, so that

the occurrence of such a delay amount leads to the amendment of

25 a wrong weight coefficient. In contrast, the selection-type



error detection unit, based on the nmultiplication, so that the wei ght
coefficient can be properly anended and updated. Thus, 5 the output signal

of the transversal filter block can be converged upon the expected
value in a short tinme without oscillating, which results in an
i nprovenent of the convergence. -12- BRI EF DESCRI PTI ON OF

THE DRAW N@pefifli cient Ruflendm8R8VEni s 2N Mens IgtiEd e ibddinérieRineifas
aut o equalizer of the first embodi ment of the present invention.”
Fig. 2 Sho%iél&'éﬁéff‘féiéﬁwcﬁ%@aﬁné hehe A d el ¥ibned defOFfdnddfnt
amendnent unit” of the first enbodi nent. Fig. 3 shows the internal

structure ofn{(pec&gg_{é{agggggn 15 nodification unit for a tap of the first

enbodi ment . Shows the entire structure of the adaptive auto

equal i zer when ‘i‘ﬁ% S?Rerx]'?na g'rsoi%ﬁﬁitetil%nee}tgﬁt %érﬁ_s%yg%%%q}og@%type coefficidifk °

shows the interna ruct ur

5 amendment unit 62 is shown in Fig. 2. This unit 62 inciudes a
latch unit 620, coefficient modification units 621, 622, and '62N
which correspond to tap 1 (multiplication unit 21), tap 2
(multiplication unit 22), and tap N (multiplication unit 2N),
respectively. The latéh unit 620 delays a signal entered to the

10 transversal filter block 1 in the same manner as the delay units

11 to 1IN inéluded in the transversal filter block 1, so as to
correspond delayed signals to the coefficient modification units
621 to 62N, respectively. Each of the coefficient modification
units 621 to 62N for taps 1 to N enters a corresponding one of

15 "the delayed signals from the latch unit 620 and the output
(detected error) of the error detection unit 51 shown in Fig. 1,
and modifies the weight coefficient to be given to a corresponding
one of the multiplication units, based on the delayed signai and
the output.

20 The coefficient modification units 621, 622, and 62N for taps
1 to N have the same structure. The internal structure of the
coefficient modification unit 621 for tap 1 is shown in Fig. 3.
This unit Gél includes an initial value storage unit 6210 for
storing the initial value of a weight coefficient, a plurality

256 (N) of latch units (weight coefficient holding units) 6211, 6212,



coefficient anmendnent unit of the first enbodinent. 20 Fig. 6 shows

the internal structure of the coefficient nodi fication unit for a tap
of the first enbodi nment. Fig. 7 shows the timng chart of the
first enbodi nment. Fig. 8 shows_the entire structure of the
adaptive auto equal i zer of the secohd™ enbodi nent of the pr esent

i nvention. and5 621N fiory stafig ddeiallerd@pdabéd UGbUgRt ObobRficients, an
sel ection-type coefficient amendnment unit of the third

embodi nent adderh62pAgsantatch uhi¥ 310N -a multiplid? $21M) ahA8eiBGtors
I nternal structure of the adaptive control bl ock of the fourth

enbodi ment 6ofi sihe ed&SENtaddVEIidPN. 5 Fig. 11 shows the internal
structure of the adaptive contro

In the coefficient modification ﬁnit shown in Fig. 3, the

5 multiplier 621M multiplies the output of the latch unit 620 shown
in Fig. 2 with the output of the error aetectic')n unit 51 shown

in Fig. 1. This multiplication result is latched by the latch
unit 621D. The selector 62181 first selects the init:l.ai weight
coefficient of the initial value storage unit 6210 and then

10 selects the updated weight coefficients held in the plurality of
latch units 6211 to 621N one by one. The adder 621A adds the
multiplication result latched by the latch unit 621D to the weight
coefficient selected in the selector 621S1 so as to further update

the weight coefficient. The selector 621S2 selects the plurality

15 of latch units 6211 to 621N one by one. Consequently, the weight
coefficient newly calculated by the adder 621A is stored in the
latch unit seleéted by the selector 621S2. The selector 621S3
selects one of the plurality of latch units 6211 to 621N in
descending order from the top in the drawing, and outputs the

20 weight coefficient of the selected latch unit to a corresponding
one of the multiplication units 21, 22, and 2N shown in Fig. 1.
Fig. 4 shows the case where the number of taps (the .number

of multiplit;ation units) of the transversal filter block 1 is 3.

The structure of the selection-type coefficient amendment unit

25 62 and the coefficient amendment unit for a tap in this case are



bl ock of the fifth enbodi nent of the present invention. Fig. 12
shows the internal structure of the adaptive control bl ock of the
si xt h enbodi nent of the present invention. Fig. 13 shows the

i nternal structure of the adaptive control 10 block of the seventh
enbodi nent of the present invention. ~-14- Fig. 14 shows the internal

structure onhdvne ﬂ;lpi%ggnst ¥RA 6, respRIdtiGaaRt. amendment unit of the
ei ght h enbodi nent of the present - i nventi on. Fig. 15 shows the

internal structghepdh.tge $8LCCAYOA1LYREN dalayOshbufiteDh AHENGEMN ALy Of
the ninth enbodiment of fhe present I nventi on. Fig. 16 shows
the int ; t f oth I i QQ; [ £

unit of thetEReh SRR L RoRT S Huk TBE  cachTREIAY ShiosfENBR ine
17 shows tfia] i g PRLeShRUBRINS Ol SELCCHAL 1V tne LERILIEEAMat)

a
amendnment uni even €nbodi e present T nventi on.

5 corresponds to the number of stages of the latch units provided
in the transversal filter blodk 1, that is, two stages of the latch
units 71 to 73 and the latch unit 30D. In Fig. 6, the amendment
delay amount of a weight coefficient in the adaptive control block
2 (or the total of each delay amount of the determination unit

10 41, the error detection wunit 51, and the selection-type
coefficient amendment unit 62) corresponds to three stages: an
unillustrated latch unit included in the error detection unit 51,
1atch.unit 621D included iﬁ the coefficient modification unit,
and latch units (weight coefficient holding units) 6211 to 6215.

15 Consequently, the number of latch units (weight coefficient
holding units) to be provided in the coefficient modification unit
for a tap is 5.

Fig. 7 shows the operational timing chart of the adaptive
auto equalizer which has the structure shown in Figs. 4, 5, and -

20 6. The chart includes the outputs of the delay units 11, 12, and
13, the outputs of the latch units 71, 72, and 73, and the outputs
of the latch unit 30D, the outputs of the error detection unit
51, the inpt;té of the latch units (weight coefficient holding
units) 6211 to 6215, and the outputs of the selector 621S3 (or

25 the outputs of the coefficient modification units for taps).



Fig. 18 shows the internal structure of the selection-type coefficient
anendnent unit of the twelfth enbodi nent of the 25 present invention.

-9- Fig. 19 shows the internal structure of the selection-type
coefficient anendnent unit of the thi rteﬁgth enbodi nent of the pr esent
i nvention. Fig. 20 shows the internal structure of the

sel ection-t yperhé fElBdwing &ldsAfReien willl beofotliseliovh tEEME [diardmeiaEnt
of the present invention. - Fig. 21 shows the internal
structure ﬁl;%ﬁélﬁs #88ch &+8HonsecutBATY 6AtLLBAUFS itheCtransPershlifi ter
fifteenth enbodi ment of the present i-nvention.

block 1 (the outputs of the delay units are assigned with ®to
® in Fig. 7). As shown in the chart, in the adaptive auto
b5 equalizer of the present embodiment, when these signals @ to

® are entered and 5 clocks have passed since the entering of each
of these signals, the weight coefficient calculated and updated
based on each of the signals is outputted from each of the
coefficient modification units 621 to 623 for taps 1 to 3 of the
10 adaptive control block 2. Thus, the calculation delay amount of
a weight coefficient in this adaptive auto equalizer is 5 clocks.
However, for example, in the coefficient modification unit 621
of the multiplication unit 21, the weight coefficient based on
the signal @ is stored in the latch unit (weight coefficient
15 holding unit) 6211 after having been calculated and updated in
the adder 621A. When another 1 clock has passed, the selector
621S2 make_s the weight coefficient based on the signal@ -be stored
to the latch unit (weight coefficient holding unit) 6212 through
the adder 621A. Hereafter, every time 1 clock passes, the weight -
20 coefficient based on each of the signals @to ® is stored in thé
latch units (weight coefficient holding units) 6213 to 6215,
respectively. Thus, the weight coefficient of each latch unit
(weight coef-ficient holdingunit) ismodified every 4 clocks. The

weight coefficients of these latch units are serially held in the

25 latch units and also selected by the selector 621S3 to be given



10 Fig. 22 shows the internal structure of the coefficient

nodi fication unit for a tap of the sixteenth enbodi ment of the pr esent
i nventi on. Fig. 23 shows the internal structure of the coefficient
nodi fication unit for a tap of the seventeenth enbodi nent of the 15
present invention. Fig. 24 showbthe internal structure of the

coefficiento the miBdiiP1Gald b intitf 21 .2 I\é-Fh Fedhia ciaghi nanthteabodi twest
of the present i nventi on. Fig. 25 shows the entire structure

f :
Bescry P GEFE THE _ﬁ%&hﬁaﬁ& @%ﬁﬁ%ﬁ;‘% @ pathnshaTEWhLh et =
present | -4 rht.ocg)lc af J:exb Cthe signa r@b &‘?téxgui OV vyg'iéﬂ ESLEE EfehbE

dr awi ngs.

of the latch unit 6211 based on thé signal D is given to the
5 multiplication unit 21. In the same manner, when the signals
(assighed with @ to @ in the chart) which come 5 clocks after
the signals @to ®, respectively are entered, the weight
coefficients based on .the signals@to @, respectively are given
to the multiplication unit 21. Consequently, as the chart
10 indicates, each weight coefficient can be properly amended and
updated while weight coefficients to be given from the coefficient
modification units to the multiplication units are updated.every
clock and the time delay (5 clocks) required for the calculation
and update of the weight coéfficient is taken into consideration.
15 As a result, the output of the transversal filter block 1 can be
converged upon the expected value at an early stage, which
improves the convergence.
As described hereinbefore, each multiplication unit is
provided with a plurality of latch. units (weight cqefficient
20 holding units) for storing the weight coefficients to be given
to the.multiplication unit, and the weight coefficients stored
in these latch units are updated every time the delay time period
required for-amending aweight coefficient passes, at the interval

of 1 time period (predetermined time) of a clock signal, and these

25 factors are selected at the interval of the predetermined time



-10- (EVMBODI MENT 1) Fig. 1 showthe entire structure of an

adaptive auto equalizer whi ch conprises a transversal filter block 1
and an adaptive control block 2. The transversal filter block 1
includes delay 5 wunits 11, 12, 1IN-1 and 1IN, nultiplication units 21, 22,
2N-1, and 2N, latch units 71, 72, 7N¥7- and 7N, and an addition unit
30  conyi&ticd. of mhdidfdte ! Y thle a88Epat 3Rhroi02oranthe3Oliapbeve auto
adaptive control block 2 includes a determ nation unit 41, an error

det ecti on urgéuéﬂizéfch@eé?Joqch&%mr#&%feﬁzeﬁfgé@gﬁées tﬂooowaamaé?mduﬁ?t

whi ch featureS the present 1nventi of. ction-type coefficlent
o 1 cat i ore LATELe 650, Soayebls ey, " Ues coerTierent
5 (EMBODIMENT 2)
The adaptive auto equalizer of the second embodiment of the
présent invention will be described as follows.
Fig. 8 shows the structure of the adaptive auto equalizer
of the present embodiment. The present embodiment is different
10 from the first embodiment only in that the selection-type
coefficient amendment unit 63 in the adaptive control block 2a
includes a control terminal 101 for entering a control signal.
The control signal designates the number of required latch units
of the plurality of latchunits (weight coefficient holdingunits)
15 provided in the selection-type coefficient amendment unit 63,
according to the calculation delay amount of a weight coefficient.
The selection-type coefficient amendment unit 63 controls the
three selectors 621S1 to 621S3 included in the coefficient
amendment unit whose internal structure is shown in Figs. 2 and
20 3. Since the other structures and basic operations of the present
embodiment are equal to those of the f£irst embodiment, the same
elements are assigned with the same reference numbers and their
desc;iption- will be omitted.
Thus, in the present embodiment, the number of necéssary latch

25 units can be designated by means of the control signal.



taps 1 to N each having a plurality of latch units (weight coefficient
hol ding units) for storing weight coefficients to be 15 given to a
correspondi ng one of the nultiplication units 21 to 2N. The
transversal filter block 1 is a well-kngw FIR (Finite | mpul se
Response) filter, and the delay units 17T to 1IN serially del ay an i nput

si gnal arﬂoﬂgé@uéndi?a)/@deﬁlﬂﬂ%h% te1bletimé padiodd iredfuided Belordlthe 2N,
respectively. Each of the multiplication units 21 to 2N nmultiplies the

del ayed Sﬁgaatevaf Qelg_llr_lt &Befﬁbgahtgaﬁé 'ﬁf@ﬂ;&&iﬁ/aﬂeff& PheN§1 BEEREAYE
control block 2. he addition unit 30 serially adds the nmultiplication

results ofp the .{lgﬁle:gﬂé%egf.kﬁ@thgg i %ﬁezj}ﬁéﬂ:?%%fgg g@iﬁ:eﬂ'ng HkPyt ért he

sum 25 to outsl atch units /N are |spose
adaptive control block 2a, the adaptive control block 2a can be

5 used for general purposés, so that there is no need of producing
adaptive control blocks in accordance with the internal structure

of the transversal filter block 1.

(EMBODIMENT 3)
10 The adaptive auto equalizer of the third embodiment of the
present invention will be described as follows.

Fig. 9 shows an internal structure of the selection-type
coefficient amendment unit 64 provided in the adaptive auto
equalizer of the present embodiment. The selection-type

15 coefficient amendment unit 64 is characterized by including a
delay amount detection unit 81 in addition to the internal
structure of the selection-type coefficient amendment unit 62
shown in Fig. 2.

The delay amount detection unit 81 detects a delay amount

20 required before the update of a weight doefficient, based on the
two signals: the input signal of the transversal filter block 1
andtheoutputsignaloftheérrordetectionunit51. The detected
signal is en£ered.to each of the coéfficient amendment units 621
to 62N for taps 1 to N. Each of the coefficient amendment units

25 621 to 62N for taps 1 to N designates the number of necessary latch



between the nmultiplication units 21 to 2N and the addition unit 30 in

order to output data accurately during a high-rate oper ati on.

In the adaptive control block 2, the determination unit 41 5 conpares the

out put of the transversal filter block 1 (the output of the adder 30M
with a predeterm ned threshold val ue so-d9-to determ ne and out put the

expect ed vahiesobf tiire Qﬂhﬂ‘étliﬂ:iygafl'laﬂ??unitst ﬁ&éﬁéhé%o@ﬁﬂﬁiéﬁﬂ ho28ing

detects the error between the oOutput o e transversal filter bloCk 1

and the exasgtey yalowa dlel cbaoth, Wopliinifis S81ERTABLLOoHBLc be cTi®

sel ection-type coéefficient anendrent un 2 nodi

ecti on- type Cogff1¢i en
[ ansver sar o oo o8t bhent, pAsHUCOl i Rkl @ hali, Bmohrlx? el bl

error deteg%ligglgTl unit 51. 15 In the transversal filter block 1, a
del ay amoun efore the out put of a signal occurs in each of the

mul tiplgcation nits 21 -
Plg 'Ilflus, t%lé present embodiment also has effects of using the
adaptive control block for general purposes in the same manner

as the second embodiment.

(EMBODIMENT 4)

10 In the adaptive auto equalizer of the present embodiment,
as shown in Fig. 10, an adaptive control block 2b includes a control
terminal 102 for entering a control signal and a switch 103 which
is controlled by the control signal. The control signal orders
the functions of the adaptive control to be halted serially.

15 Consequently, the control signal is entered from outside to
the control terminal 102 so as to put the :-‘..witch 103 in the “open”
position and to disconnect the error detection unit 51 from the
selection-type coefficient amendment unit 62. As a.resﬁlt, the
operation of the adaptive control block 2b is put iﬁ the "off”

20 state and the functions of the adaptive control are halted. Thus,
under the conditions that the output of the transversai filter
block 1 is converged upon the expected value or that the adaptive

control is unnecessary, it becomes possible to halt the adaptive

control so as to reduce powder consumption.

25



22, 2N-1, and 2N, the latch units 71, 72, 7N-1, and 7N, and the

addition unit 30. Also in the adaptive control block 2, a delay anount
before the anendnent of a weight coefficient occurs in each 20 of the
determnation unit 41, the error detection unit 51, and t he

sel ection-type coefficient amendment unit2082. In the conventi onal
adaptive eqgpsopaiMENT &) ay amount is not ideally taken into
consideration for the coefficient amendnent, so that t he occurrence of

such a delay angyintnd e@t‘i’épf_ﬁ\ééh%;@geggﬂﬁ?é.ggr ofthe"pRBEHE hbodiment,

coefficient. In contrast, sel ectr 6n-

ntione

werant coulB EHEhRL 48 FAATN bl Sl R EREl nEARR b EhoA U5 o

wei ght coefTicren
consi der at 120

rng~th ay  anotnt

ermination circuit 42 and a switch 103 which receives the

5 output of the determination circuit 42. The determination

circuit 42 determines the level of the output of the error

detection unit 51, and outputs a control signal for ordering the

functions of the édaptive control to be halted serially to the .

switch 103 when the output level becomes equal to a predetermined

10 value or higher, so as to put the switch 103 in the “open” position.

As a result, the operation of the adaptive control block 2c is

put in the "off" state and the functions of the adaptive control

are halted.

Also when the output of the transversal filter 1 suddenly

15 changes to a great extent due to noise or the like, thereby making

the output of the error detection unit 51 large, if a weight "

coefficient is modified by adaptive control, the coefficient is

_ updated to a value which is far from a desired one. In the present

embodiment, however, the determination circuit 42 halts the

20 operation of the adaptive control, so that it becomes possible

to perform desired adaptive control by suspending the update of

the weight coefficient temporarily.

(EMBODIMENT 6)

25 In the adaptive auto equalizer of the present embodiment,



The internal, structure of the selection-type coefficient 5 anendnent
unit 62 is shown in Fig. 2. This unit 62 includes a | atch unit 620,
coefficient nodification units 621, 622, and 62N whi ch correspond to
tap 1 (rmultiplication unit 21), tap 2 (multiplication unit 22), and
tap N (multiplication unit 2N), ré@ﬁéctively. The latch unit 620

del ays a sisgrsklovantimeBigo 1Rke ahl adaptisseercamitiol tielockozd inciutles sane
manner as the delay units 11 to IN included in the transversal filter

block 1, fetaxrniihation cOiretpend3dandyer Syl S10® whechoebbegvest the
nodi fication units 621 to 62N, respectively. Each of the coefficient

nodi ficat igftput ofNitie 6dédtbem@ANtion (@PScdit 04N .eNIPRE AetRIMARRATIGNNI
one of 15 the delayed signals fromthe latch unit 620 and t he out put

(det ect ed BRIt A3 BB ePMifksIeh8C&PET WY khelodfpuR &f 1&1&9 trhnsversaand
nodi fies the weight coefficient to be given to a correspondi ng one of

(e ™SR 20 uahlSorhfegd B0at b6l aEE pdtihoRity fhe SRS
of the adaptive control to be halted serially to the switch 103
when the output level becomes equal to a predetermined value or
higher, so as to put the switch 103 in the "“open” position and
to put the operation of the adaptivé control block 24 in the “off”

10 state. On the other hand, when the output level of the transversal
filter 1 becomes below the predetermined value, the switéh 103
is put in the “closed” position, so as to j:eshme the adaptive
control. |

Thus, in the present embodiment, when the output of the

15 transversal filter 1 suddenly changes to a great extent due to
noise or the 1like, the determination circqit 43 halts the
operation of the adapti%re control, so as to suspend the update
of weight coefficients temporarily, thereby performing desired
adaptive control.

20
(EMBODIMENT 7)

In the adaptive auto equalizer of the present embodiment,
as shom.m in }E?ig. 13, an adaptive control block 2e i_ncludes a tap
number control unit 91. The tap number control unit 91 enters

25 the output of the error detection unit 51, and outputs a control



1 to N have the sane structure. The internal structure of the

coefficient nodification unit 621 for tap 1 is shown in Fig. 3.

unit 621 includes an initial value storage unit 6210 for
initial value of a weight coefficient, a plurallty 25 (N) of
(wei ght coefficient holding units) 621I 25212, :

, Thi s
storing the
| atch units

-13- sigrell Nd dhes tsmTieng) i ipey aqmﬂmhemt ghiercimdrd £ alreig 62 Ao

adder 621A, a latch unit 621D, a multiplier 621M and sel ector

S 621851,

621S2, andhaE}]fidre multiplidatioheundekl £6r apadaPtnd WsilgH coRifif idiaMtd N

Fig. 3, the 5 multiplier 621Mmultiplies the output of the

| atch unit

620 shown are usied Wheén theidbtple 16¥dIUE sOlat-§8 Shd Hewtdt ﬁﬂﬂt@.’bl‘i@étl%h

the [atch

shown in Fig. 1. This multiplication result is latched byt

10

15

20

25

units are used when the output level is small.

Consequently, when the error outputted from the error
detection unit 51 is small, that is, when the adaptive control
does not need to be very accurate, the nﬁmber of multiplication
units for updating weight coefficients can be small, which

realizes the reduction of power consumption;

(EMBODIMENT 8)

In the present embodiment, as shown in Fig. 14, a
selection-type coefficient amendment unit 65 uses an external
signal in order to control the number of multiplication units for
updating weight coefficients. In short, in Fig. 14, the control
signal is entered from outside to a modified tap number control
unit 111 via a control terminal 104. On receiving the exte:_:nal
signal, the modified tap number control unit 111 controls the
number of coefficient modification units for taps to be used of
all the units 651, 652 to 65N contained in the selection-type
coefficient amendment unit 65. This restriction of the number
of coefficient modification units for taps is conducted by, for
example, dis;::onnecting power lines from coefficient modification
units for taps not in use by means of a switch or the like. The

coefficient modification units for taps to be used are selected



unit 621D. The selector 621S1 first selects the i nitial wei ght
coefficient of the initial value storage unit 6210 and then 10 selects

the updated wei ght coefficients held in the plurality of | atch units
6211 to 621N one by one. The adder 621A adds the mul tiplication
result latched by the latch unit 621D to28he wei ght coefficient

sel ect ed i Hehsymmetdtival6with Bespéct @ d thiehélie Wikased in the a@ghi.
coefficient. Theselector621S2sel ectstheplurality 15 of latch units 6211

to 621N e Dyl t CqRsisit N smp tionidibe reduced £bei €Aé AENbE¥r of
cal cul ated by the adder 621A is stored in the | atch unit sel ected by

the sel eCé&éfﬁfé%ntTﬂﬁdiﬁh%ﬁtt(ibnGzﬁﬁ%s for WP notONth Aisd he plurality of
| atch units 6211 to 621N In descendi ng order fromthe top in the

drawi ng, and outputs the 20 weight coefficient of the selected latch unit
to a correspondi ng one of the multiplication units 21, 22, and 2N
showngi n Fi Fig. 4 shows the case where the nunber of taps
(the r?unbgﬁﬂBOE’IMEPT ap ti plication units) of the transversal filter block 1

's _3 Th%hSt I UCetslér Oefmbto eenltec:fsl %" t Sinat e{gﬂ C<'>§ nd"E g&?&ta &i t
eighth embodiments. In other words, as shown in Fig. 15, a
selection-type coefficienf amendment unit 66 includes a modified
tap number/latch unit (weight coefficient holding unit) number

10 control unit 121 which receives an external signal via a control
terminal 105. On receiving the external signal, the unit 121
adjusts the number of coefficient modification units for taps to
be used, and also adjusts the number of latch units (weight
coefficient holding units) to be used in each of the coefficient

15 modification units for taps. As a result, the effects of both

the second and eighth embodiments can be obtained.

(EMBODIMENT 10)
In the present embodiment, as shown 1in Fig. 16,. a
20 selection-type coefficient amendment unit 67 includes counters
1311 to 131N at the stage following the coefficient modification
units 671 to 67N for taps 1 to N, respectively. Each of the
counters 13:{1 to 131N counts input clocks, and outpqts the output
of the corresponding coefficient modification unit for a tap (that

25 is, weight coefficient) when a set value is reached.



25 62 and the coefficient anmendnent unit for a tap in this case are

- -14- shown in Figs. 5 and 6, respectively. In Fig. 6, the
cal cul ati on delay anount in.the transversal filter block 1 (or the sum
of each del ay anmount of the mul tiplication units, the latch units, and

the addition unit) 5 corresponds to t 4nunber of stages of the latch
units provi dedfhus, accdbhidingabtsveheapréseherelnbodiméntt hah issichi &0 cakages

of the latch units 71 to 73 and the latch unit 30D. In Fig. 6, the
anendnent that thel ajaptivet cohtoled@ds machlded €6t beé rdibe avtanidtes, ¢aet r ol
bl ock 2 (or the total of each delay anobunt of the determ nation unit

10 41, wed gl CoctHiRAldits WY ttHel muld$H it t5ijdif & ik 1043 be updated
coefficient amendment unit 62) corresponds to three stages: an
at the interval of a set clock number instead of every clock, which

5 leads to the reduction of power consumption.

(EMBODIMENT 11)
The present emb‘odimént is an improvement of the tenth
embodiment. In a seléction-type coefficient amendment unit 68
10 shown in Fig. 17, an instruction value which indicates the number
of internal latch units (weight coefficient holding units) is
entered to each of the coefficient modification .units 671 to 67N
for taps 1 to N from outside via the control terminal 106, and
a setting value is entered to each of the counters 1311 to 131N.
15 cConsequently, in the same manner as in the ninth and tenth

embodiments, it is possible to reduce the power consumption.

(EMBODIMENT 12)
In the present embodiment, the signal-to-noise ratio of a
20 signal entered to the transversal filter 1 changes depending on
the record/reproduction charactei:'istics of data or noise, so that
the characteristics of the adaptive equalizer 1is changed
according tc; the signal-to-noise ratio. In short, as shown in
Fig. 18, a selection-type coéfficient amendment unit 69 includes

25 a signal-to-noise ratio measurement unit 141. This unit 141



unillustrated latch unit included in the error detection unit 51.

latch unit
| atch unit
Consequent
units) to
is b.

aut o equal
chart incl
out put s of
latch unit
of the | at

621D included in the coefficient nodification unit, and
s (weight coefficient holding units) 6211 to 6215. 15
|y, the nunmber of latch units (weight coefficient hol di ng
be provided in the coefficient-2%odification unit for a tap
measuriel theheygnaletorabakboraltil ramga:i:hﬁ?ﬁu@f si§Raddapt ithe
i zer which has the structure shown in Figs. 4, 5, and 20 6. The
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the ratio is small.

Consequently, according fo the present embodiment, evén if
the signal-to-noise ratio of a signal entered to the transversal
filter 1 is small, the number of multiplication units 21 to 2N
for updating weight coefficients can be made large, so that the
output of the transversai filter 1 can be converged upon the

expected value in a short time. On the other hand, when the

_signal-to-noise ratio is large, the number of tap coefficient

modification units in use can be made small so as to reduce the

power consumption.

(EMBODIMENT 13)

In the present embodiment, as shown 1in Fig. 19, a
selection-type coefficient amendment unit 610 includes a data
identification unit 151 which receives an input signal of the
transversal filter 1. The unit 151 distinguis_hes the level value
or pattern of the input signal of the transvez;'sal filter 1, so
as to identify the recording medium such as a hard disk or a compact
disk, which‘stores the input signal, and controls the number of
coefficient modification units 6101, 6102 to 610N for taps 1 to

N to be used, depending on the identification results.



The follow ng description will be focused on five distorted signal s

whi ch are consecutively entered to the transversal filter " block 1 (the
outputs of the delay units are assigned with [err] to [err] in Fig.
7). As shown in the chart, in the adaptive auto 5 equalizer of the
present enbodi nent, when these signals [e28] to are entered and 5
cl ocks have pasretosidit®y h8eigisdd ferafhe#ebord/reprodietacl §odata hite
wei ght coefficient cal cul ated and updat ed based on each of the signals

| s out putt egatisiscadtLirdpoduct169bhhehebbriBEl bisC Adpehditid Sor@%héi’r
623 for taps 1 to 3 of the 10 adaptive control block 2. Thus,

cal cul ati 0”t9§5§¥ afRURHi8f embodithe®!, 9 hel é G t%e coeﬁ?qﬂg&i&ﬁ agto

equal i zer cl ocks. However, for exa e, In cl ent

nmodi ficati opqUpk f@%ﬁb P Qi%%%%

coef ficient ase% ase?%fn E]Q& 2 J)']H %kber}lgﬂn g&? e9lum

(wei ght 5° Oeu)' %h%nttransversal fll_ter 1, and the characteristics of the
adaptive equalizer can be changed according to the identification

results. As a result, the output of the transversal filter 1 can

be convérged upon the ideal output value in a short time.

10 (EMBODIMENT 14)

In the present embodiment, as. shown in Fig. 20, a
selection-type coefficient amendment unit 611 includes a mean-
value calculation unit 161 at the stage preceding the coefficient
modification units 6111 to 611N for taps 1 to N. The unit 161

15 takes an average of the outputs of the error detection unit 51
every clock within é predetermined time period which comes
immediately before the entering of the clock. The predetermined.
time period. corresponds, for éxample, to a time period required
for taking a round of the serj.al output of the weight coefficients

20 of all the coefficient modification units 6111 to 611N for tap
1 to N. The mean error outputted £from the mean value calculation
unit 161 is entered to each of the coefficient modification units
6111 fo 6111;1 for taps 1 to N, thereby being used to update the
weight coefficients.

25 Consequently, accofding to the present embodiment, even if



15 holding unit) 6211 after having been cal cul ated and updated in t he
adder 621A. When another 1 clock has passed, the selector 621S2 makes
t he wei ght coefficient based on the signal [err] be stored to the

| atch unit (weight coefficient holding unit) 6212 through t he adder

621A. Hereafter, every tine 1 clock pasg@és, the weight 20 coefficient

based on

units (weight coefficient holding units) 6213 to 6215,

theC butbuttiseosi thel erfex [dettexifioom niit Sioctemwporatriky changettoh

Thus, the Wt saddt @it neBsd dittigle Wike, the (i) outpaits @rent

hol ding unit) is nodified every 4 clocks. The wei ght coefficients

t hese | a
sel ected
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UnRided arhetfdd Aty NGkt 1did hetawen | @b h diidagandridisin - a
y the sel ector 621S3 to be given

st gnal (assi err] in the chart) which cones

wrong update of a weight coefficient to be given to each

multiplication unit.

(EMBODIMENT 15)

In the present embodiment, as shown in Fig. 21, a coefficient
modification unit 612 for tap L (L = each value between 1"&i1d N)
included in a selection-type coefficient amendment unit has a mean
value calculation unit 162 at the stage  following the selector
621S3. This unit 162 takes an average of the outputs of the
coefficient modification units 6211 to 621N for taps 1 to N every
clock within a predetermined time period which comes :‘umnediately
before the entering of the clock. The predetermined time period
corresponds, for example, to a time period required for taking
a round of the serial output of the weight coefficients of all
the coefficient modification units 6211 to 621N for taps 1 to N. -
The mean weight coefficient outputted from the mean value
calculation unit 162 is given to a corresponding multiplication
unit.

Consequently, according to the present embodrment, in the
same manner as the fourteenth embodiment, even if the output of

the error detection unit 51 temporarily changes to a great extent

respectively.

of



5 clocks after the signal [err] is entered, the weight coefficient of
the latch unit 6211 based on the signal [err] is given to the 5

mul tiplication unit 21. |In the same nmanner, when the signals
(assigned with [err] to [er] in the chart) which cone 5 clocks after
the signals [err] to [err] , respectivers®are entered, the weight

coeffici endseliaradiee onaim gakes {1€4/pdssiBlé]to Feanes! thé wroliCupadesd
to the multiplication unit 21. Consequently, as the chart 10 indicates,

each wei ghef aar! reGigBitt c68PFPE1BRERYS b PN Sdch multipAdladd othhhet.

wei ght coefficients to be given fromthe coefficient nodi fication
units to the nultiplication units are updated every clock and the tine
delay (5 clocks) required for the cal cul ation and update of the weight
coefficienfe i consideration. 15 As a result, the output of
the transv rsa? ??‘Fﬁgr Iltl?lc)ock 1 can be conver ged upon the expected

(o B g Bl ment B8 o PRRLEE 96E°Ene sastoontn’
embodiment. In short, as shown in Fig. 22, a coefficient '
modification unit 613 for tap L includes a determination circuit
44 at the stage preceding a mean value calculation unit 162. The
determination circuit 44 determines whether the value of the

10 weight coefficient outputted from the selector 62183 is betweeh
the upper limit value and the lower limit value. The uppei:' and
lower limit values are previously set in the determination circuit
44. When the value of the weight coefficient outputted from the
selector 621S3 is between the upper limit value and the lower limit

15 value, the weight coefficient is outputted to the mean value
calculation unit 162 via the determination circuit 44. On the
other hand, when it is above the upper limit value or below the
iower 1imit value, the determination circuit 44 blocks thé output
to the mean value calculation unit 162. |

20 When the value of the weight coefficient is abbve the upper
limit value or below the ldwer limit value, the value of the weight
coefficient is considered to have been wrongly updated due to
noise or thé like, and not regarded as an object for taking an
average in the mean value calculation unif 162. As a result,

256 according to the present embodiment, it is possible to further



provided with a plurality of latch units (weight coefficient, 20 holding

units) for storing the weight coefficients to be given to the

mul tiplication unit, and the wei ght coefficients stored in these |atch
units are updated every tinme the delay tinme period required for

amendi ng a wei ght coefficient passes, at29the interval of 1 time period

(predet errad@de t tH8) webng Gp@altesS bdNdl wedlfht! RRBEricAeritact Ors are sel ected
at the interval of the predetermned tine

-17- period. Therefore, the output error of the adaptive auto
equal i zer does not diverge, which secures to obtain ideal output

signal s i(hﬁséﬁﬁtiﬁﬁ'r”i‘?'ier- 5 ( EMBCDI MENT 2)

In the preéent embodiment, as shown in Fig. 23, a céefficient

5 modification unit 614 for tap L includes a coefficient storage
. unit 171 in place of the initial value storage unit for storing
an initial weight coefficient. The coefficient storage unit 171
sequentially stores updated weight coefficients which are
outputted from the selector 621S3. The coefficient. storage unit

10 171 is composed of storage elements such as flash memory which
can hold the value of a weight coefficient even after the pbwer

is turned off.

Consequently, according to the present embodiment, when the

power is turned on or when the operation of the adaptive auto

15 equalizer is resumed, the value of the coefficient storage unit
171, that is, the final value of the weight coefficient in the
previous adaptive control operation becomes the initial value of

the weight coefficient to be given to the multiplication units
of the transversal filter block 1. As a result, since the weight -

20 coefficient when the adaptive control is started or resumed
becomes appropriate, the output of t'he transversal filter 1 can

be converged upon the ideal output value at an early stage, which

further improves the convergence.

256 (EXAMPLE 18)



The adaptive auto equalizer of the second enbodi nent of the pr esent

I nvention will be described as foll ows. Fig. 8 shows the structure
of the adaptive auto equalizer of the present enbodi nent. The present
enbodinent is different 10 fromthe first enbodinent only in that the

sel ecti on-type coefficient anmendnent- 3mnit 63 i n t he adaptive control

bl ock 2a Ph e pr3 SN b fﬂb ¢t ad ' % ,2a CHE lf%ici nt

si gnal . The control SI gna 8e5| gnat es t e nu r équi re

It I t
32: t:)_ 15 %?%%F%Q%H&ﬁ lﬁw sel ec{“l oR- iy‘p"g‘“é%*g‘?‘?g%ﬁ“gﬁﬁ‘f’i*ﬁéﬁg%ﬁ?%ﬂ?“&t
e et oo 0k "C B IR AT o BB B 5450 gt o
| ect 6 621S d d th fi d
Sboce. Pntconiital PR Lok BELHAERs (e SSbEHGeEabe ne1ad EBATRE) A1
structures and basi c%‘peratlons of the present enbodi nent are equal to

t hose of tHR23}2 kg 62 tclegle, @5 them LIGNAL, £ad ALATHFRYNRiBPAR he

sanme reference nunbers and their _
. weight coefficient, and outputs the calculated means weight

coefficient to the selector 621S3.
While a recording medium such as a hard disk is either
receiving or reproducing data and the adaptive auto equalizer is
10 in operation, when the adaptive control block is exclusively
turned off according to its purpose, that is, when the update of
the weight coefficient is stopped and the transversal block 1 is
exclusively operated by the weight coefficient with a fixed value
given by the adaptive control block 2, if the updated £inal weight
15 coefficient is wrongly updated due to noise or the like
'i:mnediately before the adéptive control block is turned off, then
the output of the transversai filter block 1 which uses the wrong
weight coefficient is not converged upon the expected value. In
the present. embodiment, however, when the adaptive control block -
20 2 is exclusively turned off, the mean weight coefficient
calculated by the adding/averaging unit 181 is used as the weight
coefficient to be 'givelll to the transversal block 1, so that the
output of th-e transversal filter block 1 can be converged upon

the expected value in a short time.



description will be omtted. Thus, in the present enbodi nent, the
nunber of necessary latch 25 wunits can be designated by neans of the

control signal. -.18-
Consequently, even if the delay tinme periods required before the

update of weight coefficients are differaat due to the difference I n
the interRg{aStigictafm@f §8¢ transversal filter block 1 or adaptive

control block 2a, the adaptive control block 2a can be 5 used for general

purposes, so tjat tl\'ﬁerft}%ﬁ%ﬁe? gooégﬁéff.)?%%%ngompris@gggtiVe control

bl ocks i n accordance w nt €r na ur e t he transversal

filter block 1a transvegrgl\aﬁqglj.%g i)or equalizing an input signal, said

transversal filter including a plurality of delay units for

5 delaying the input signal, a plurality of multiplication units
for multiplying a weight coeffiéient with a delay signal of each
of the plurality of delay units, and an addition unit for adding
multiplication results of the plurality of multiplication units
together:;

10 a determination unit for receiving an output of the addition
unit of said transversal filter and determining an expected value
of the output;

an error detection unit for detecting an error between an
output of said transversal filter and an output of said

15 determination unit;

a selection-type coefficient amendment unit for entering the
error outputted from said error detection unit and amending the
weight coefficient to be given to each of the plurality of
multiplication units, based on the error;

20 said selection-type coefficient amendment unit including
coefficient modification units of a same number as the
multiplication units, said coefficient modiﬁication units each
calgylatingvan amendment value pf‘the weight coefficient and
giviﬁg an amended weight coefficient to a corresponding one of

25 the plurality of multiplication units:
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10 The adaptive auto equalizer of the third enbodi nent of the

present invention will be described as foll ows. Fig. 9 shows an
i nternal structure of the selection-type coefficient amendnment unit 64
provided in the adaptive auto equal i zer of the present enbodi nent.

The selection-type 15 coefficient amendzent unit 64 is characterized by

el uding & aacPlsy SPHMGAALACIGHE URbds BhohPBOLHIRR Lhd Gl eanal

structure of the selection-type coefficie anendnent unit 6
Fig. 2. L% Fﬁ[p f ' ' . ct del ay anpunt
20 requi rgéugg}%r{getd%g upda etgcﬁea \Aﬁ%’ﬁ%@##’?@?‘éﬁﬁgbaégg on the
two signals: the | skgnal of the transyersal filter bloc . an
t he out put si gngl bgﬁgg{’%%]tgr? rm‘be&ég%q " ﬁ'gzl\r#] Fogfflﬁirgn&gt %E?Qbejld in §F§ﬁal
is entered_to_each of fthe coefficient, anendnent _units 621 to 62N_for
tape 1 1o RLGERIIEY of oveldRt oot il Bntrone laine. SndEs m roPeskenyy
t aps 150 N desi gnat es the nunber of necessary |latch .
selecting one of said plurality of ‘weight coefficient holding
units every time the amendment value of the weight coefficient

is calculated, so that the weight coefficients thus held are given

to a corresponding one of the multiplication units one by one.

10 2. The adaptive auto equalizer of claim1l, whereih a number
~ of said weight coefficient holding units provided in eé.ch of said
coefficient modification units corresponds to a sum of each delay
amount of said transversal filter, said determination unit, and
said error detection unit.
15
3. The adaptive auto equalizer of claim lor 2, wherein the
amended weight coefficient of each of said plurality of weight
coefficient holding units is given to a corresponding one of the
plurality of multiplication Iunits in a time period corresponding
20 to a sum of each delay amount of said transversal filter, séid

determination unit, and said error detection unit.

4. The adaptive auto equalizer of claim 1, wherein said
selection-type coefficient amendment unit receives a control

25 signal which designates a number of said weight coefficient

_
is Sheet Has Been Reilaced
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-19- units of the plurality of latch units (weight coefficient holding
units) provided therein, depending on the delay anount of the ~wei ght
coefficient, based on the entered del ay amount detection si gnal . 5
Thus, the present enbodi nent al so has effects of using the adapti ve
control block for general purposes in the3¥%ane manner as the second

embodi nentholding uﬁE'\z’B@bl\’Eé”_néédeé(hnd amérﬂié %ea%&bh\tec%!fhﬁ%ilt' E?r

of the present enbodi nent, as shown in 10, an adaptive contro
bl ock 2b iggkddesna ﬁﬁﬂbégl £ %)Qa?f si gnal
and a switch 103 which o| ss%%é\ﬁégf% % on ro %ﬁﬁmtﬂﬁ?lto bg

control sigaahed $RiSh is designated by the control signal.

5 5; . The adaptive auto equalizer of claim 1 further
comprising: |
a delay amount detection unit for entering the error outputted
from said error detection unit and the input signal of said
transveréal filter, and detecting a delay time required before
10 the amended weight coefficient is outputted, based on the error
and the input signal; and
said selection-type coefficient amendment unit calculating
a number of said weight coefficient holding units to' be needed,
based on the delay time detected by said delay amount detection
15 unit, and amending the weight coefficient by using the calculated

number of said weight coefficient holding units to be needed.

. 6. The adaptive auto equalizer of claim 1 further
comprising:
20 a switch which is put in an open position when a control signal

is entered from outside so as to disconnect said error detection

unit from said selection-type coefficient amendment unit.

7. The adaptive auto equalizer of claim 1 =further
25 comprising: —_—
This Sheet Has

W - U



the functions of the adaptive control to be halted serially. 15
Consequently, the control signal is entered fromoutside to t he
control termnal 102 so as to put the switch 103 in the "open"

position and to disconnect the error detection unit 51 fromthe

sel ection-type coefficient amendnent un3g-62. As a result, the

operation of alketsapinyei 6RHirduid pek e%ﬁ:éﬁrgi"thbrbfﬂ?r ézt%Qi :Flf&ﬂt e
and the functionsofthe adaptivecontrol arehalte Thus er

condi ti onsaidairdde qutdutich unid hhan Hﬁﬁéﬁiné thélerror vﬁttiacg dot fing
converged upon the expected val ue or t att contr
unnecessajdyel! RRGONES possible to halt the adaptlve control so as to
reduce powder consunption. 25

a sw11_:ch which is put in an open position when said
5 determination circuit determines that the error is equal to or
higher than the setting level so as to disconnect said error

detection unit from said selection-type coefficient amendment

unit.
10 8. The adaptive auto equalizer of claim 1 further
comprising:

a determination circuit for entering the output of said
transversal filter and comparing an amplitude of the output with
a setting level; and
15 a switch which is put in an open position when said
determination circuit determines that the amplitude of the outpuf
is equal to or higher than the setting level so as to disconnect
said error detection unit from said selection-type coefficient
amendment unit.
20
9. The adaptive auto equalizer of claim 1 further
comprising:
a tap n&mber control unit for entering the error outputted

from said error detection unit and controlling a number of said

25 coefficient modification units to be used, according to a size

_

Ll i



- 20- ( EMBODI MENT 5) In the adaptive auto equalizer of the
present enbodi nent, as shown in Fig. 11, an adaptive control block 2c
i ncl udes a determnation circuit 42 and a switch 103 which receives
the 5 output of the determnation circuit 42. The determ nation

circuit 42 determnes the |evel of the aqggput of the error detection
unit 51, @ 18 SR, control signal for ordering the - functions of
the adaptive control to be halted serially to the switch 103 when the
out put | evel becones equal to a predeterm ned 10 val ue or higher, so as
to put the switch 103 in the open position. a result, the operation

Functions of tRY adartPve CeRFFey Buto e o ey Tl

out put of .r?ﬂ§ver sal filter 1 suddenly 15 changes to a great extent
due to nmésognepolﬁl T ke, thereby making the output of the error

det ectgon uni ta5 Afﬁged thapan\Ne'bgr control unit for entering a control

signal from outside and controlling a number of said coefficient

modification units to be used, based on the control signal.

11. The adaptive auto equalizer of claim 1 further

10 comprising:
a modified tap number/weight coefficient number control unit
for entering a control signhal from 6utside and controlling a
number of said coefficient modification units to be used, and a
number of said weight coefficient holding units to be_ used in said
15 coefficient modification units to be used, based on the control

signal.

12. The adaptive auto equalizer of claim 1 further
comprising:

20 a counter which is disposed at a stage following said

coefficient modification units and which restricts a number of

the output of the plurality of amended weight coefficients from

said coefficient modification units to the plurality of

multiplication units to once in a predetermined number.

mugy WA



coefficient is nodified by adaptive control, the coefficient is

updated to a value which is far froma desired one. In the present

enbodi ment, however, the determ nation circuit 42 halts the 20 operation
of the adaptlve control so that it becones possible to perform

desi red adaptive control by suspendi ng t h#éupdate of t he wei ght

coefficient tenpwarfie. adaptlve(gﬁ@sDE&EMJ.gér 62 claim 12,NGHRAAN e

auto equalizer of the present enbodi nent

- 21- AL ibd. nbfned! 130 1@ QLEREBI OBk ahfl1! RElLAISS S"uﬁfp‘iﬂm of

determ natlon circuit 43 an swtc recei ve
t he deter mdi?ﬂ%]ﬁbp' | t 43. The determ nation circuit 43 determn nes
the | evel of the output of the transversal

each of said coefficient modification units controls a number
5 of said plurality of weight coefficient holding units to be used,

based on the control signal.

14. The adaptive auto equalizer of cla:l.m 1 further
comprising:

10 a signal-to-noise ratio measurement unit for -enter-ing the
input signal of said transversal filter, measuring a signal-
to-noise ratio of the input signal, and controlling a number of
said coefficient modification units to be used, by the
signal-to-noise ratio. |

15

15. The adaptive auto equalizer of claim 1 further.
comprising: M

a data identification unit for entering the input signal of
sald transversal filter, identifying a type of a recording medium

20 which stores the input signal, based on the input signal, and
controlling a ﬂumbe: of said coefficient modification .units to

be used, by identification results.

16. The adaptive auto equalizer of claim 1 further

256 comprising:
[
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5 filter 1, and outputs a control signal for ordering the functions

of the adaptive control to be halted serially to the swtch 103 when
the output |evel becones equal to a predeterm ned val ue or hi gher, so
as to put the switch 103 in the "open" position and to put the

operation of the adaptive control block-3@&in the "off" 10 state, On the

ot her hand, weemedie veilliudlicd1iflatfon ithit b7V ¥al¥ulating id Wdanl vAGEETES
bel ow t he predeterm ned val ue, the switch 103 is put 1n the "closed"

posi tion, o$kAtors PR dd' erafaidiy grror AL £ Bn unit and ?oﬁlﬂ!‘ﬁllﬁ.ﬂgt he

pr esent enbodl ment, when the output of the 15 transversa ter

sudden! v ehapifes Cof B8 GNERICAR: | foare1oRISR Bl 14 ke Wisa,

determ natlon CII’CUIt 0 era Ion O ontrol

so as to fs_,gggﬂ ?}gjﬁﬁg&dqﬂean v%:[p%eogh%hgogrir g;sents tenmporarily,

t hereby pertormn Y ont
5 17. The adaptive auto equalizer of claim 1 further
comprising:

a mean value calculation unit for calculating a mean value
of the weight coefficients outpu_tted. from salid plurality of weight
coefficient holding units and providing the mean value of the

10 weight coefficients to' a corresponding one of the multiplication

units.

18. The adaptive auto equalizer of claim 1 further
comprising:

15 a determination circuit for determining whether the weight
coefficients outputted from said plurality of weight coefficient
holding units are within a range of between a set upper 1imit value
and a set lower limit wvalue, and outputting the weight
coefficients within the raﬁge to a following stage when the weight -

20 coefficients are within the range; and

a mean value calculation unit for calculating a mean value
of outputs of said determination circuit and controlling a number
of said coefficient modification units to be used, by the mean
value. |

——

Ny ’!" "l
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( EMBODI MENT 7) In the adaptive auto equalizer of the present

enbodi nment as shown in Fig. 13, an adaptive control block 2e includes
atap nunber control unit 91. The tap nunber control unit 91 enters

25 the output of the error detection unit 51, and outputs a control

-22- signal to the selection-type cé8fficient anendnent unit 62, so
that nmore nul tiopl i quhé)nakl'&'ptt%.vfé)raﬁﬁ%@até&ﬁaﬁhgf‘t &PeididinfNyS furth8f®
used when the output level is large and féwer nultiplication units are
used whencbRgredlingt | evel is small. 5 Consequently, when the error
out putted fron1the error detection unit 51 is small, that is, when the

adaptive contg Y u t.he
mul tiplicati onqjmefflcggﬁ§ r%aﬂfﬁr‘ig fv%’g? %ﬁ{&coéf% ?‘%%gﬁ sg?'%:aw ﬁﬁﬁ
whi ch coefficient outputted from each of said coefficient modification

5 units, the latest amended weight coefficient being used when a

next operation is started.

20. The adaptive auto equalizer of claim 1 further
comprising:

10 an adding/averaging unit for calculati.ng a mean value of the
weight coefficients held in said plurality of weight coefficient
holding units; and

when modification of tl:_le weight coefficients by said
coefficient modification units is halted, the mean value of the

15 weight coefficients calculated by said adding/averaging unit is
outputted té a corresponding one of the plurality of

multiplication units.

- This Sheet Has Been Replaced
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realizes the reduction of power consunption. 10 ( EVMBODI MENT 8)

In the present enbodiment, as shown in Fig. 14, a sel ection-type
coefficient amendnent unit 65 uses an external ] signal in order to
control the number of nultiplication units for 15 updating weight
coefficients. In short, in Fig. 14, the control signal is entered
fromoutside to a nodified tap nunber control unit 111 via a control
termnal 104. On receiving the external ™2~ signal, the nodified tap

nunber control unit 111 contpQl fE WZ f coefficient
nodi fication units for taps to be used o¥ aF the units 651, 652 to
65N contained in the sel ecti QBSIRAET OF THE:DIISAIOBURBrendnent unit 65.

This restriction of the nunber of coefficient nodification units for
taps i s conductld awy adaptive awbaualidiear @vre@utothatdwdlly reredding a
coefficient nodification units for taps not in use by neans of a

sw tch or Hgnalkdistrted through propagation in a transmission line to

10

15

20

the expected value, each multiplication unit includes a plurality
of weight coefficientl holding units for storing weight
coefficients. The number of these weight coefficient holding
units is 1;.he same as the clock number which is equal to a delay
required for updating the weight coefficients. An adder
calculates weight coefficients every clock. The storage
location of the calculated weight coefficients is switched by a
selector, and the weight coefficients calculated every clock are
serially held in a corresponding one of the weight coefficient
holding units. The other selectors serially select one of the
plurality of weight coefficient holding units and the weight
coefficients thus held are given to the multiplication units.
Consequently, each of the weight coefficients held in the wéight
coefficient holding units is given to a qorresponding one of the
multiplication units in a time period corresponding to the clock
number 'equal to the delay time regquired for updating the weight
coefficients. Thus, even if there is a delay before the update
of the weigflt coefficients, an output error does not diverge,
which makes it possible to obtain an ideal output signal in a short

time and in a stable manner.

(Fig. 3)



25 coefficient nodification units for taps to be used are-sel ected

-23- to be symmetrical with respect to the one disposed in the center.
As a result, power consunption can be reduced for the nunber of
coefficient nodification units for taps nf7 in use. 5 (EMBODI MENT 9)
The present enbodiment is a conbination o %he second and ei ghth
enbodi nents. In other words, as shown in Fig. 1
coefficient anemefrent unit 66 includes a nodifi
unit (weight coefificient holding unit) nunber
receives an extebfal signal via a control

a sel ecti on-type

tap nunber/latch
control unit 121 which
rm nal 105. On receiving

the external sigmal, the unit 121 = A
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adj usts the nunber of coefficient nodification units for taps to be

used, and al so adjusts the nunber of latch units (wei ght coefficient
hol ding units) to be used in each of the coefficient 15 nodification
units for taps. As a result, the effects of both ~ the second and ei ghth
enbodi nents can be obt ai ned. ( EMBODI MENT 10) In the present
enbodi nent, as shown in Fig. 16, a 20 selection-type coefficient anendnent
unit 67 includes counters 1311 to 13MN at the stage follow ng the
coefficient nodification units 671 to 67N for taps 1 to N,
respectively. Each of the counters 1311 to 131N counts input cl ocks,
and out puts the output of the correspondi ng coefftgient nodi fi cation
unit for a tap (gNgat 25 is, weight coefficient) when set value is
reached. .
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- 24- Thus, according to the present enbodinent, in such a case
that the adaptive control does not need to be very accurate, the

wei ght coefficients of the nmultiplication units can be updated at the
interval of a set clock nunber instead of every clock, which 5 Jleads to

t he reduction of power consunption. ( EMBODI MENT 11) The
present enbodi ment is an inprovenent of tB&Xenth enbodinent. In a

sel ection-typegpefficient amendnent unit 68 10 shown in Fig. 17, an

i nstruction val ug which indicates the nunber of intesAal latch units
(wei ght coeffickdnt holding units) is entered to eachSof the
coefficient nodrflication units 671 to 67N for taps 140 N fromoutside
via the controlfIuerninal 106, and . a setting value is @ntered to each

of the counters 1311 to 131N. 15 Consequently, in the sargg manner as in
the ninth and tenth .
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enbodi nments, it is possible to reduce the power consunption.

( EMBODI MENT 12) In the present enbodi nent, the signal-to-noise
ratio of a 20 signal entered to the transversal filter 1 changes dependi ng
on the record/reproduction characteristics of data or noise, so that
the characteristics of the adaptive equalizer is changed according to
the signal-to-noise ratio. In short, as#/&Bown in Fig. 18, a

sel ection-tymR coefficient anmendnent unit 69 includes 25 a

signal -to-noi se ratio nmeasurenent unit 141. This unit 141

- 25- mea&fr es the signal-to-noise ratio of an input signal of the
transversal *ffllter 1, and decreases the nunber of coefficient
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nodi fication units 691, 692 to 69N for taps 1 to N in use when t he
signal-to-noise ratio is large while increases the sane when 5 the ratio

is small. Consequently, according to the present enbodi nent, even
if the signal-to-noise ratio of a signal entered to the transversal
filter 1 is small, the nunber of nmultiplication units 21 to 2N - for
updating wei ght coefficients can be nmade |l arge, so that the 10 output of
the transversal filter 1 can be convergedd$dn the expected value in a
short tinme. On the other hand, when the signal-to-noise ratio is

| arge, the nunber of tap coefficient nodi fication units in use can be
made small so aslfd reduce the power consunption. g5 ( EMBODI MENT
13) . In the present enbodinent, as shown in FigZ=19, a

sel ection-type cde®ficient amendnment unit 610 incl udes ggdata

identification uE{j 151 which receives an input signal gg t he
: b
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20 transversal filter 1. The unit 151 distinguishes the |evel value

or pattern of the input signal of the transversal filter 1, so as to
identify the recordi ng medium such as a hard disk or a conpact di sk
whi ch stores the input signal, and controls the nunber of coefficient

nodi fication units 6101, 6102 to 610N for taps 1 to 25 N to be used,
dependi ng on the identification results. 6/25

- 26- @dcordi ng nedi a used for the record/reprouction of data have
various data reproduction characteristics depending onZ heir types. In
this enbodi nme the type of a recording nediumis I dentified based on
t he signal oﬁggutted fromthe recording nedium 5 to t& transversal filter
1, and the ¢ acteristics of the adaptive equal i gér can be changed
according to the identification 2
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results. As a result, the output of the transversal filter 1 can be

converged upon the ideal output value in a short tine. 10 ( EMBCDI MENT
14) In the present enbodi nent, as shown in Fig. 20, a
sel ection-type coefficient amendnent unit 611 includes a nean val ue

calculation unit 161 at the stage precedi7ygst he coefficient

nodi fication units 6111 to p11N for taps 1 to N. The unit 161 15 takes an
average of the outputs of e error detection unit 51 every cl ock
within a predeterm ned t} ' | i medi ately befare_ the
entering of the clock. The i od qrr gspprids,] for

exanple, to a tine peri of ] t he |

out put of the wei ght coerH+gi nmpdi Eion

units 6111 to 611N for t;| el fr he
i| ent

o)

nmean val ue cal cul ati on
nodi fication units
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10 nodification unit 612 for tap L (L = each value between 1 and N)
included in a selection-type coefficient anendnent unit has a nean
val ue calculation unit 162 at the stage follow ng the sel ector 621S3.
This unit 162 takes an average of the outputs of the coefficient
nodi fication units 6211 to 621N for tapiﬁzz o Nevery 15 clock within a
predeterm ned tine period which cones i lately ~ before the entering
of the clock. The predetermned tine period corresgpnds, for exanple,
to atime period required for taking a round of t seri al " out put of
the wei ght coefficients of all the coefficient mod& ication units 6211
to 62IN for taps 1 to N. 20 The nmean wei ght coefficient outputted fromthe
mean val ue _cayulation unit 162 is given to a corr@sponding
mul t.i plication yunit. Consequently, accor@&ding to the present
enbodi ment, in theyp same nmanner as the fourteenth efodinent, even if
the output of 25-#he error detection unit 51 tenporaridy changes to a
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- 28- due to noise or the like, it is possible to reduce the w ong

updat e of the weight coefficient to be given to each multiplication
unit. (EMBODI MENT 16) 5 The present enbodi ment is an

i nprovenent of the fifteenth enbodi nent . In short, as shown in Fig.
22, a coefficient nodi fication unit 613 for tap L includes a

determ nation circuit 44 at the staggpseceding a mean val ue
calculation unit 162. The determnation circuit 44 determ nes whet her
the value of the 10 weight coefficient outputted fromthe selector 621S3
i s between the upper limt value gnd The TOWET ~ANi T valrue. The upper

and lower limit values are previously set[Zn the determnifdation circuit
44. \Wen the value of the weight coeffF Ci @ dput | ed fromtfie
>
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sel ector 621S3 is between the upper |limt value and the lower [imt 15
val ue, the weight coefficient is outputted to the nean val ue

calculation-unit 162 via the determination circuit 44. On the ot her
hand, when it is above the upper |limt value or bel ow the lower limt
val ue, the determnation circuit 44 bl ocKg26he out put to the nmean

val ue cal culation unit 162. 20 When t he val ue of the wei ght
coefficient is above the upper T varae or bef-ow rhe-trower 17m t
val ue, the value of the weight lcoeff{ ci[eRt 1 considered to have}been
wongl y updated due to noi se or! theé not regarded as an;

obj ect for taking an average in the ne e cal cul ation unit 1L62.

As a result, 25 according to the present
further

rent, it is possiblefto
~ob-
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reduce the wong update of a weight coefficient. ( EMBODI MENT 17)
In the present enbodi nent, as shown in Fig. 23, a coefficient 5

nodi fication unit 614 for tap L includes a coefficient storage uni t
171 in place of the initial value storage unit for storing an initial
wei ght coefficient. The coefficient storage unit 171 sequentially
stores updated wei ght coefficients which2zes outputted fromthe

sel ector 621S3. The coefficient storage unit 10 171 is conposed of
storage el enents such as flash nenory whi-¢h————-canr-hot-dthe-val ue of a
wei ght coefficient even after the powar IS d of f. |

en the ' power is
15 equaljzer is
171, thht is, the
Vi oWs adapfive contro

Consequent |y, according to the present enbody
turned on or when the operation of thg adaptiv
resuned, the value of the coefficientIstorage
final value of the weight coefficient!lin thp
operation becones the initial val ue of
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the wei ght coefficient to be given to the nultiplication units ~.of the
transversal filter block 1. As a result, since the weight 20 coefficient

when the adaptive control is started or resuned becomes appropri at e,

t he out put of the transversal filter 1 can be converged upon the ideal
out put value at an early stage, which ]3/£§rther i nproves the

conver gence. 25 (EXAVPLE 18)

- 30- In the present enbodi nment, as—stowr Tn—Fg— 24, Toefficient

modi fication unit 615 for tap L includes dn addkﬂg/fzeraging uni t : 181.
The addi ng/ averagi ng unit 181 receives thé outpﬁ?§\g t hg plurality of

| atch units (weight coefficient holding units) 6211
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5 6212 to 621N every clock, adds themtogether, calculates the nean
wei ght coefficient; and outputs the cal cul ated neans wei ght
coefficient to the selector 621S3. Wil e a recordi ng nmedi um such
as a hard disk is either receiving or reproducing data and the
adaptive auto equalizer is 10 in operation, when the adaptive control

bl ock is exclusively turned off acédf2ing to its pyr pose, that is,

when t he update of the wei ght coefficient is stop and the
transversal block 1 is excl usi vely operated by the i ght coefficient
with a fixed valu gi ven by the adaptive control bkpck 2, if the
updated final wenght 15 coefficient is,wongly updat&l due to noise or
the like i diately before the adaptEve control bfpck is turned off,

t hen the ou t of the transversal fifiter block 1 ich uses the wong

is not converged upon e expected value. In t he

wei ght coefficie
t, however, when the adaptive control Mock 20 2is

present enbodi

exclusively turned off, the nmean wei ght coéeffici ent =
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cal cul ated by the addi ng/averaging unit 181 is used as the wei ght

coefficient to be given to the transversal block 1, so that the out put
-of the transversal filter block 1 can be converged upon t he expected
value in a short tine. 31 What is clained is: 1
An adaptive auto equalizer conpri sing: a transversal filter (1) for

equal i zing an input signal, said transvei’d@d filter (1) ncluding a
plurality of delay units (11-1N) for delaying the inputEsignal, a
plurality of multiplication units (21-2N) for multiplyifg a wei ght
coefficient wth a delay signal of
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each of the plurality of delay units (11-1N), and an addition unit (30)
for adding nultiplication results of the plurality of multiplication units
(21-2N) together; a determnation unit (41) for receiving an out put
of the addition unit (30) of said transversal filter (1) and determ ning
an expected value of the output; 1645 error detection unit (51) for
detecting an error between an out put o? Said transvergal filter (1) and an
output of said determnation unit (41); a sele on-type coefficient
anmendnent unit (62) for entering the error outputted om said error
detection unit ¢®1) and anending- the weight coefficiea to be given to
each of the plurality of nultiplication units (21-2N)s= based on the error;
said sel ecti on-tgge coefficient amendnent unit (62) i uding coefficient
nodi fication uni (621-62N) of a same nunber as the ltiplication units
(21-2N), said cgdefficient nodification units (621- GZV\ET;aCh cal cul ating an
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coefficient and -giving an anended weight coefficient to a
correspondi ng one of the plurality of nmultiplication units (21-2N);

32 each of said coefficient nodification wunits (621-62N)
including a plurality of weight coefficigg}ssholding units (6211- 621N)
and a plurality of anended wei ght coefficiepis are held in said

plurality of weight coefficient holding unitS (6211-621N) by
repeatedly selecting one of said plurality of weight coefficient holding
units every tinme the anmendnment val ue of the meighg% coefficient is
I
£

cal cul ated, so thdt=the wei ght coefficients thus d
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are given to a corresponding one of the multiplication units (21-2N) one
by one. 2. The adaptive auto equalizer of claiml1l, wherein a
nunber of said weight coefficient holding units (6211-621N) provided in
each of said coefficient nodification uq&%a (621-62N) corresponds to a sum
of each del ay amount of said transversal |?ter (1), said determ nation
unit (41), and said error detection unit (51). =3. The adaptive
auto equalizer of claim1 or 2, wherein the anmended wei ght coefficient of
each of said plurality of weight coefficient holdingZnits (6211-621N) is
given to a corres ding one of the plurality of nulgfplication units
(21-2N) in a timggperiod corresponding to a sunkyof each delay
amount of said transversal filter (1), said det er rati on unit (41), and
said error detectign unit (51). 0
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4. The adaptive auto equalizer of claim 1, wherein said selection-type
coefficient anendnent unit (62) receives a control signal which designates
a nunber of said weight coefficient 33 hol ding units to
be needed and anmends the wei ght coefficient by wusing the nunber of said
wei ght coefficient holding units (6212425 621N) to be needed which is

desi gnated by the control signal. 5. The a tive auto
equalizer of claim 1 further conprising: a el ay anount
detection unit (81) for entering the error -
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outputted fromsaid error detection unit (51) and the input signal of said
transversal filter (1), and detecting a delay tinme required before the
anended wei ght coefficient is outputted, based on the error and the input
signal; and said selection-type coefficient anmendnent wunit
(62) calculating a nunber of said meigﬁp/%%efficient kol ding units (6211-
621N) to be needed, based on the delay tine detected b¥said delay anount
detection unit (81), and anmendi ng the wei ght coefficier? by using the
cal cul at ed nunber of said weight coefficient - holding u@;ts (6211-621N) to
be needed. S The adaptive auto equalizer =f claim 1
further conprisingy a switch (103) which is putEBn an open position
when a control signal is entered fromoutside so as t@disconnect said
error detection umyg (51) fromsaid selection-type co€8ficient amendnent
unit (62). or—
: d
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7 The adaptive auto equalizer of <claim 1 further conprising:

34 : a determnation circuit (42) for entering the error outputted
fromsaid error detection unit (51) and conparing the error with a setting
| evel ; and a switch (103) which is put in an open position when said

determnation circuit (42) determ nes h%@%sthe error is equal to or higher
than the settiéu5 | evel so as to discon said error detection unit (51)
fromsaid selqghion-type coef ficient amendnent '
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1 62) . 8. The adaptive auto equalizer of <claim 1
further conprising: a determnation circuit (43) for entering the

output of said transversal filter (1) and conparing an anplitude of the
output with a setting level; and a switch (103) which is put in an
open position when said determ nation gjfguit (43) determ nes that the
anpl i tude of<%he output is equal to or Higher than the setting |evel so as
to. disconne said error detection unit (51) fromsaid sel ection-type
coefficient ndnent unit (62). 9. The addgpgtive auto

equal i zer ofmpnclaim 1 further conprising: ' t ap nunber contro

unit (91) foy_gentering the error outputted fromsaid error detection unit
(51) and congfolling a :
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cont r ol
further

further
for
1

1
(111)
claim

based on the

claim
uni t
of

of
control
equal i zer

equal i zer
nunber
fromoutside and controlling a nunber of said

auto

auto
tap
adapti ve

adapti ve

a nodified
si gnal
The

contr ol
11.

The

nunber of said coefficient nodification units (621-62N) to be used,
10.

according to a size of the error.
coefficient nodification units (621-62N)25¢25 be used,

entering a
si gnal .
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I ed tap nunber/wei ght coefficien

. conpri sing: a_nodi

unit "(szmja control signal
- nunber ' “H“Ent nodi fi cation uni
* nunber m“mm‘mmnu efficient holding u
sai d coefficci ent* modi f'i cation units (@Pf-62
control signal. 12. The adaptive

1 further conprising: a counter (13
st age fwhibvisnglasmed toeffici ent nodificat
restricts a nunber of the output of the pl
coefficients fromsaid coefficient nodific
plurality

nunber . 1.

% s

——

cont r ol
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on units (621-62N) and“which
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of multiplication units (21-2N) to.once in a predetermni ned
An adaptive auto equalizer comprising:

a transversal filter (1{wfor equalizing an input signal, said

transversal filter (1) including a plurality of delay units (11-1N)

for delaying the input signal, a plurality of multipiication units

(21-2N) for multiplying a weight coefficient with a delay signal of

each of the plurality of delay units

(11-1N), and an addition unit

U (30). for adding multiplicgtion results of the plurality of
ﬁﬁltiplication units (21-2N) together;

a determination wunit (41) for receiving an output of the
addition unit (30) of said transversal filter (1) and determining an
expected Valﬁe of the output;

an error detection unit (51) for detecting an error between an
output of said transversal filter (1) and an output of said
determination unit (41);

a selection-type coefficient amendment unit (62) for entering
the error outputted from said error detection unit (51) and amending

Y/

the weight coefficient to be given to each of the plurality of

multiplication units (21-2N), based on the error;

said selection-type coefficient amendment unit (62)

coefficient modification units

(621-62N)

including

of a same number as the

multiplication wunits (21-2N), said coefficient modification units
(621-62N) each calculating an amendment value of the weight
coefficient and giving an amended weight coefficient to a

corresponding one of the plurality of multiplication units (21-2N);
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pr edet er

T£¥¥1lggﬁxﬁfls—se%“by a control signal {eptered from oltgide; "
each.of s coefficie ification units (621- 6¢!N)0 5 Jhit 2108 hunber
sai d plural m‘“m m

used, based““““

13. The adaptive auto equalizer of cl RERWE}E%I h‘E}E‘;ﬂhe

efficient holding unijtg (6211-621N)|td be
*Si gnal . 32 14. Thé—=auaptive autd

equal i zer of €l afm further conprising: a signal-to-Rei se
rati o measurenent unit (141) for entering the input signal of said

transversal fillgr (& @%%U“Jb% ﬁigﬂél-moa{)fﬂfaa%nramtgf the2 1R

si gnal ,

and controlling a nunber sald
including a plurality of welght coeff1c1ent holding units (6211-

621N); and .

- m Y

a plurality of amended weight coefficients are held in said
plurality of weight coefficient holdihg units (6211-621N) by
repeatedly selecting one of said plurality of weight coefficient
holding wunits every time the amendment value of the weight
coefficient is calculated, so that the weight coefficients ‘thus held
are given to a corresponding one of the multiplication units (21-2N)

one by one.

2. The adaptive auto equalizer of claim 1, wherein a number
of said weight coefficient holding units (6211-621N) provided in
each of said coefficient modification units (621-62N) corresponds to
a sum of each delay amount of said transversal filter (1), said
determination unit (41), and said error detection unit (51).

3. The é.daptive auto equalizer of claim 1 or 2, wherein the
amended weight coefficient of each of said plurality of weight
coefficient holding units (6211-621N) is given to a corresponding
one of the plurality of multipl:_i.cai:_ion units (21-2N) in a ‘time
period corresponding to a sum of each delay amount of said
transversal filter (1), said determination unit (41), and sald error

detection unit (51).

4. The adaptive auto equalizer of claim 1, wherein said
selection-type coefficient amendment unit (62) receives a control

signal which designates a number of said weight coefficient

LA A b s e s

and
of
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coef ficient nDdification units (621-62N) to be
to-noi se ratio. —fhe—adaptive aut

further conprisi identificatio
t-he input signal mm ll“ﬂ'ﬂ m rsal filter (1
recording nediu e i nputzgsi gnal

and controlling a nunber of said coeff|C|ent
62N) to be used, by identification results.

‘equam{zef B

" inotS JUR12006 or | o
|dent|fy|ng a type of a

Ddlflcatlon units J(621-

16, The adaptive

aut o eql{%lldz.l.?lrg 1:8'11!:5“1% ITl’.:e illee&éﬁtgﬁ& aﬁ\gHﬁéi%th'weight coefficient by

using the number of said weight coefficient: holding units (6211-

621N) to be needed which is de51gnated by

n.,'.‘

the control signal.

5. The adaptive auto -equalizer of «claim 1 further

comprising:

a delay amount detection unit (81) for entering the error

outputted from said error detection unit

(51) and the inpﬁt signal

\y} of said transversal filter (1), and detecting a delay time.required

before the amended weight coefficient is outputted, based on the

error and the input signal; and

said selection-type coefficient

amendment  unit (62)

calculating a numbéer of said weight coefficient holding units (6211-

621N) to be needed, based on the delay time detected by said delay

amount detection unit (81), and amending

the weight coefficient by

using the calculated number of said weight coefficient holding units

{6211-621N) to be needed.

6. The adaptive auto equalizer of «c¢laim 1 further

comprising:

a switch (103) which is put in an open position when a control

signal is entered from outside so as

to disconnect said error

detection unit (51) from said selection-type coefficient amendment

unit (62).

7. The adaptive auto equalizer of <claim 1 further

comprising:
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37 | a nmean value calculation unit (161) J&&i' mean
val ue of errors outputted fromsaid error detec Aﬁiﬁﬁﬂ#ﬁﬁ&ﬁgged

controlling a nunber of said coefficient nodififca
be used, according to the nmean val ue of the errjor

adaptive auto equalizer of <claim 1 4tuther
val ue cal culation unit (162) for calculeﬁ

t t g21- 62 t
L1 8% SN 00 S e 22 tO

conpr|5|ng. a nean

ng a jrean value of thg weight

coefficients outputted fromsaid pIuraIity of lueight coefficienti holding

units (6211- GZéN)i @Q:gmﬂ{a?:\i' E‘ Qré ”F oé}:' L Of 3 heEi_ll\le’\grrorCO&l;J L& egt S
|cat|

to a correspondi ng one O

on um

The adaptiyg s cérr%qu"aeltégf:ioﬁ)funﬁ! 4Py zha cBFn{n_QJ.e{ng the error with a

setting level; and .

-t

a switch (103) which is put in an open position when said

determination circuit (42) determines that the error is equal to or

higher than the setting level so as to disconnect said error

detection unit (51) from said selection-type coefficient amendment

unit (62).

8. The adaptive auto equalizer

comprising:

of claim 1 further

a determination circuit (43) for entering the output of said

transversal filter (1) and comparing an amplitude of the output with

a setting level; and

a switch (103) which is put in an open position when said

determination circuit (43) determines that the amplitude of the

output is equal to or higher than the

disconnect saild error detection unit (51)

coefficient amendment unit (62).

9. The adaptive auto equalizer

comprising:

a tap number control wunit (91)

outputted from said error detection unit

setting level so as to

from said selection-type

of claim 1 further

for entering the error

(51) and controlling a

number of said coefficient modification units (621-62N) to be used,

according to a size of the error.
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e her the

conpri si ng: a determnation circuit (44) for

wei ght coefficients outputted fromsaid plurality I £i ent
hol di ng units (6211-621N) are within a range of bégt uppef limt
value and a set lower limt value, and outputting he wei ght coeff]cients
within the range to a follow ng stage whgg the weight coefficCrents|are

within the range; and a nean val ue cal cul at gr—unit (162) for

calculating a nean value of outputs of said determnation circuit (44) and

controlling a jyyunmbemof sa@lghicref figentqndisbigatign un fig (621-62N, 1o

be wused, by the nmean val ue. ) i)
comprising:

a modified tap number control unit (111) for entering a
control signal from outside and controlling a number of said
coefficient modification units (621-62N) to be used, based on the

control signal..

11. The adaptive auto equalizer of claim 1 further
W, comprising:
a modified tap number/weight coefficient number control unit
(121) for entering a control signal from outside and controlling a
number of said coefficient modification units (621-62N) to be used,
and a number of said weight coefficient holding units (6211-621N) to
be used in said coefficient modification units (621-62N) to be used,
based on the control signal.
12. The adaptive aut; equalizer of «claim 1 further
comprising:
a counter (1311-131N) which is disposed at a stage following
said coefficient modification units (621-62N) and which restricts a
number of the output of the plurality of amended weight coefficients
from said coefficient modification units (621-62N) to the plurality

of multiplication units (21-2N) to once in a predetermined number.
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19. The adaptive auto equalizer of <claim 1 HEBLAﬁE%ﬂﬂ@p@Wﬁ ng:

a coefficient storage unit (171) for storing a | atfe amendet—wel ght
coefficient outputted from each of said coeff|C| t ifigation
| dnt0 oM

%ﬁ

units (621-62N) the | atest anmended wei ght coeffid sed ywhen a
next operation is started. 20. é@m& adapy]i auto equali ger of
claim 1 further conprising: an adding/av'raglng unit (181)jfor

cal cul ating a nean value of the melght coef fi ci efms—tetra—r—sai-d—plurality

of wei ght coef j_%CI epte Q%gh%g%g%?l & 133 Qg%N)o a&% m 12, wﬁer?ln the

nodi fication o e wel nt's Cl én

modi fi cat hdudtirkdnt82lmbdlyr | $shaldedpyt he r&%@rlﬁ.’-l glﬁfl L8R MR PNt rom
coefficients cal cul ated by said addlng/averaglng unit 7(181) |s outputted
to a correspidli;ngnane of the plurality of

N g

each of said coefficient modification units (621-62N) controls
a number of said plurality: of weight coefficient holding units

(6211-621N) to be used, based on the control signal.

14. The adaptive auto equalizer of claim 1 further

U comprising: ) . .
a signal-to-noise ratio measurement wunit (141) for entering

the input signal of said transversal filter (1), measuring a signal-
to-noise ratio of the input signal, and controlling a number of said

coefficient modification units (621-62N) to be used, by the signal-

to-noise ratio.

15. The adaptive auto equalizer of «c¢laim 1 further
comprising: ‘

a data identification unit (151) for entering the input signal
of said transversal filter (1), identifying a type of a recording
medium which stores the input signal, based on the input signal, and

controlling a number of said coefficient modification units (621-

62N) to be used, by identification results.

16. The adaptive auto equalizer of «claim 1 further

comprising:

___/.

| O A AL




rryl tiplication units (21-2N). REPLACEMENT SHEET
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a mean value calculation unit (161) for calculating a mean
value of errors outputted from said error detection unit (51) and

controlling a number of said coefficient modification units (621-

- e

-
o

62N) to be used, according to the mean value of the errors.

17. The adaptive auto equalizer of <c¢laim 1 further
comprising:
a mean value calculation unit (162) for calculatiné a mean
\_/ value of the Yzeight coefficients outputted from said plurality of
weight coefficient holding units (6211-621N) and providing the mean
value of the weight coefficients to a corresponding one of the

multiplication units (21-2N).

18. The adaptive auto equalizer of claim 1 further
comprising:

a determination circuit (44) for determining whether the
weight coefficients outputte.d from said plurality of weight
coefficient holding units (6211-621N) are within a range of between
a set upper limit value and a set lower limit value, and outputting
the weight coefficients within the range to a following stage when
the weight coefficients are within the range; and

a mean value calculation unit (162) for calculating a mean
value of outputs of said determination circuit (44) and controlling

a number of said coefficient modification units (621-62N) to be

used, by the mean value.
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19. The adaptive auto equalizer of claim 1 further
comprising:

a coefficient storage ynit (171) for storing a latest amended

-

weight coefficient outputted from each of said coefficient
modification units (621-62N), the latest amended weight coefficient

being used when a next operation is started.

20. The adaptive auto equaliéer of «claim 1 further
comprising: )

aﬁ“adding/averaging unit (181) for calculating a mean value of
the weight coefficients held in said plurality of weight coefficient
holding units (6211-621N); and

when modification of the weight coefficients by said
coefficient modification units (621-62N) is halted, the mean value
of the weight coefficients calculated by said adding/averaging unit
(181) is ' outputted to a corresponding one of the plurality of

multiplication units (21-2N).
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