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.• AN ADAPTIVE AUTO EQUALIZER 

BACKGROUND OF THE INVENTION 

The present invention relates to an improvement of an adaptive 

5 auto equalizer which automatically compensates distortion and 

noise 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 pro~ess. a signal distorted by the effects of 

various noises during 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 lN, multiplication units 

21, 22, 23, and2N, 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 coefficient amendment unit 61. 

The transversal filter block 1, which is a well-known FIR 

(Finite Impulse Response} filter, convolutes a plur.ality of dat"a 

delayed for a respective predetermined time period to an input 

25 sign·a1, and outputs the result. To be more specific, the 
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transversal. filter block 1 enters a signal distorted during 

propagation through a transmission line, and each of the delay 

units 11, 12, 13, and lN delays the signal for a predetermined 

time period. Then, each of the multiplication units 21, 22, 23, 

5 and 2N multiplies each delayed data with a corresponding weight 

coefficient, and the addition units 31, 32, and 3M serially add 

each multiplication result together and outputs the sum outside. 

The adaptive control block 2 serially modifies the weight 

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

10 weight coefficients change themselves with time. The serial 

modification of the weight coefficients are necessary 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 s~gnal or a 

decrease in the amplitude of the signal. In the adaptive control 

block 2, the determination unit 41 compares a signal outputted 

from the transversal filter block 1 with a predetermined threshold 

value, so as to determine and output the expected value of the 

20 signal. The error detection unit 51 finds the error between the 

signal outputted from the transversal filter block 1 and the 

expected value outputted from the determination unit 41. The 

coefficient amendment unit 61 calculates the weight.coefficients 

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

25 block 1, based on the error value found in the error detection 
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uni t 51, a~d serially modifies the weight coefficients. By 

repeating this operation, the output signal of the transversal 

filter block 1 is made closer to the expected value. 

However, in the adaptive auto equalizer shown in Fig. 25, 

5 the transversal filter block 1 and the adaptive control block 2 

are both 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 converged upon the expected value 

at an early stage. In actuality, however. the operation of each 

10 of the multiplication units 21 to 2N. the addition units 31 to 

JM. the determination unit 41, t~e 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 

15 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 

a weight coefficient upon the expected value. which indicates poor 

convergence. 

20 On the other hand. it is possible to calculate and update 

a weight coefficient in the coeffioient amendment unit 61 for each 

of the signals entered sequentially. However, appropriate 

amendment of a weight coefficient relies on obtainipg the output 

signal of the transversal filter block 1 by using the previously 

25 updated weight coefficient, so that if the update of a weight 
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coeffici.ent is performed for each of the consecutive si.gnals. the 

output signal of the transversal filter block 1 is not converged 

upon the expected value, which results i.n oscillation. 

5 SUMMARY OF THE INVENTION 

The object of the present invention is to solve the 

aforementioned conventional problems and to provide an adaptive 

auto equali.zer which does not oscillate and has.an improved 

convergence by convergi.ng the output signal of the transversal 

10 fi.lter block upon an expected value in a short time period even 

if there i.s a delay _amount in the multipli.cation units, the 

addi.tion units, the determination uni.t, the error detecti.on unit, 

and the coefficient amendment uni.t which are included in the 

transversal fi.lter block or the adaptive control block. 

15 In order to achieve the object, according to the present 

i.nventi.on, 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 i.s provided with a plurality of weight coefficient holding un:lts 

for storing weight coefficients. and the weight coefficients in 

the we:lght coeff:lcient holding units are mod:lfied :ln the time 

period correspond:lng to the delay amount by the mo~if:lcat:lon of 

the weight coefficients, thereby selecting these weight 

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

I 
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amoun t before the modification of a weight coefficient, the weight 

coefficient can be modified a plurality of number of times within 

the time period corresponding to the delay amount, so as to improve 

the convergence. 

5 To be more specific, the adaptive auto equalizer of the 

present invention comprises: a transversal filter for equalizing 

an input signal_, the transversal filter including a plurality of 

delay uni ts 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 

addi tio'n 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 value of the output; an error 

15 ~etection unit for detecting an error between an output of the 

transversal 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 given to each of the plurality of 

20 multiplication units, based 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 
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mul tip l ica ti on units. Each of the coefficient modification 

units includes a plurality of weight coefficient holding units; 

and a plurality of amended weight coefficients are held in the 

plurality of weight coefficient holding units by repeatedly 

5 selecting one of the 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. 

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 predetermined 

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 eaoh weight coefficient holding unit is updated in 

the time period corresponding to the predetermined delay time 

required for the modification of the weight coefficient. 

Therefore. when multiplication is performed in a multiplication 

25 unit by using the weight coefficient held in each coefficient 
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modification unit, the weight coefficient involved in the 

multiplication can be amended by using the error obtained in the 

error detection unit, based on the multiplication, so that the 

weight coefficient can be properly amended and updated. Thus, 

5 the output signal of the transversal filter bloc~ can be converged 

upon the expected value in a short time without oscillating, which 

results in an improvement of the convergence. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Fig. 1 shows the entire structure of the adaptive auto 

equalizer of the first embodiment of the present invention. 

Fig. 2 shows the internal structure of the selection-type 

coefficient amendment unit of the first embodiment. 

Fig. 3 shows the internal structure of the coefficient 

15 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. 

20 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 a~aptive auto 

equalizer of the second embodiment of the present invention. 

25 Fig 9 shows the internal structure of the selection-type 
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coef f ici en t amendment unit of the third embodiment of the present 

invention. 

Fig. 10 shows the internal structure of the adaptive control 

block of the fourth embodiment 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 control 

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 

15 coefficient amendment unit of the ninth embodiment of the pre~ent 

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 

coefficient amendment unit of the eleventh embodiment of the. 

present invention. 

Fig. 18 shows the internal structure of the se,lection-type 

coefficient amendment unit of the twelfth embodiment of the 

25 present invention. 
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F ig. 19 shows the internal structure of the selection-type 

coefficient amendment unit of the thirteenth embodiment of the 

present invention. 

Fig. 20 shows the internal structure of the selection-type 

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 embodiment of the 

present invention. 

Fig. 25 shows the entire structure of a conventional adaptive 

20 auto equalizer. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

The pref erred embodiments of the present inve~tion will be 

described as follows with reference to the drawings. 
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(EMBODIMENT 1) 

F:ig. 1 show the ent:ire structure of an adapt:ive auto equal:izer 

wh:ich compr:ises a transversal filter block 1 and an adaptive 

control block 2. The transversal f:ilter block 1 :includes delay 

5 units 11, 12, lN-1 and lN, mult:ipl:ication un:its 21, 22, 2N-l, and 

2N, latch un:its 71, 72, 7N-l, and 7N, and an addit:ion unit 30 

consist:ing of a plurality of adders 301, 302, and 30M. The 

adapt:ive control block 2 :includes a determination unit 41, an 

error detection unit 51, and a selection-type coefficient 

10 amendment unit 62 which features the present invention. The 

selection-type coeff:icient amendment unit 62, as deta:iled in Fig. 

3, includes coefficient modification units 621, 622, and 62N for 

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 units 21 to 

2N. 

The transversal filter block 1 is a well-known FIR (Finite 

Impulse Response) filter, and the delay units 11 to lN 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 addition unit 30 serially adds the multiplication results of 

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

25 to outside. The latch units 71, 72, 7N-l, and 7N are disposed 
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between the multiplication uni ts 21 to 2N and the addition unit 

30 in order to output data accurately during a high-rate 

operation. · 

In the adaptive control block 2, the determination unit 41 

5 compares the output of the transversal filter block 1 (the output 

of the adder 30M) with a predetermined threshold value so as to 

determine and output the expected value of the output signal. The 

error detection unit 51 detect:s the error between the output of 

the transversal fi.l ter block 1 and the expected value determi.ned 

10 in the determination unit 41. The selection-type coefficient 

amendment unit 62 modifies the weight coefficients to be given 

to the multi.plication units 21 to 2N in the transversal filter 

block l, by u·sing the error value detected by the error detection 

uni.t 51. 

15 In the transversal filter block 1, a delay amount before the 

output of a signal occurs in each of the multiplication units 21, 

22, 2N-l, and 2N, the latch units 71, 72, 7N-l, 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 consideration for the coefficient amena.n,tent, so that 

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

25 a wrong weight coefficient. In contrast, the selection-type 
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coefficient amendment unit 62 of the present embodiment amends 

weight coefficients by taking the above-mentioned delay amount 

into consideration. 

The interna1·structure of the selection-type coefficient 

5 amendment unit 62 is shown in Pig. 2. This unit 62 includes a 

latch unit 620, coeffi.cient modification units 621, 622, and 62N 

which correspond to tap 1 {multiplication unit 21), tap 2 

(multiplication uni.t 22), and tap N (multiplication unit 2N), 

respectively. The latch unit 620 delays a signal entered to the 

10 transversal filter block 1 in the same manner as the delay uni ts 

11 to lN included in the transver.sal filter block l, 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 Pig. 1, 

and modifies the weight coefficient to be given to a corresponding 

one of the multiplication units, based on the delayed signal 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 Pig. 3. 

This unit 621 includes an initial value storage u~it 6210 for 

storing the initial value of a weight coefficient, a plurality 

25 (N) of latch units (weight coefficient holding units) 6211, 6212, 
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and 621N for storing serially updated weight coefficients, an 

adder 621A, a latch unit 6210, a multiplier 621M, and selectors 

62181, 62182, and 621S3. 

In the coefficient modification unit 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 detection unit 51 shown 

in Fig. 1. This multiplication result is latched by the latch 

unit 6210. The selector 62181 first selects the initial 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 6210 to the weight 

coefficient selected in the selector 62151 so as to further update 

the weight coefficient. The selector 62182 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 selected by the selector 62182. 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 multiplication 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 
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shown in Figs. 5 and 6, respective1y. 

In Fig. 6, the ca1culation de1ay amount in the transversal 

f i1 ter block 1 (or the sum of each delay amount of the 

multiplication units. the latch units. and the addition unit) 

5 corresponds to the number of stages of the 1atch units provided 

in the transversal f:i.1ter block l, that is. two stages of the 1atch 

units 71 to 73 and the latch unit 300. In Fig. 6, the amendment 

de1ay amount of a weight coefficient in the adaptive contro1 b1ock 

2 (or the total of each delay amount of the determination unit 

10 41, the error detection unit 51, and the se1ection-type 

coeff:i.cient amendment unit 62) corresponds to three stages: an 

unil1ustrated latch unit inc1uded in the error detection unit 51. 

latch unit 6210 inc1uded in the coefficient modification unit. 

and latch units (wei.ght coefficient holding units) 6211 to 62.15. 

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 uni ts 11, 12, and 

13, the outputs of the latch units 71, 72, and 73, and the outputs 

of the latch unit ·300, the outputs of the error detection unit 

51, the inputs of the latch units (weight coeffi~ient holding 

units) 6211 to 6215, and the outputs of the selector 62183 (or 

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

' 
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The following description will be focused on five distorted 

signals which are consecutively entered to the transversal filter 

block 1 (the outputs of the delay units are assigned with <Dto 

@ in Fig. 7). As shown in the chart, in the adaptive auto 

5 equalizer of the present embodiment, when these signals Q) to 

@are entered and 5 ~locks 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 <D 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 makes the weight coefficient based on the si.gnal® be stored 

to the latch unit (wei.ght coefficient holding uni.t) 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 the 

latch units {weight coefficient holding units) 6213 to 6215, 

respectively. Thus, the weight coeffi.cient of each latch unit 

(wei.ght coefficient holding unit) is modified every~ clocks. The 

weight coeffi.cients of these latch uni.ts are serially held in the 

25 latch uni.ts and also selected by the selector 621S3 to be gi.ven 



-16-

to the multiplication unit 21. As a result, as indicated in the 

chart, when the signal (assigned with@ in the chart) which comes 

5 clocks after the signal Q) is entered, the weight coefficient 

of the latch unit 6211 based on the signal Q) is given to the 

5 multiplication unit 21. In the same manner, when the signals 

(assigned 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 coefficient 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 coefficient .. 

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 a weight 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 



-17-
period. Therefore, the output error of the adaptive auto 

equalizer does not diverge. which secures to obtain ideal output 

signals in a stable manner. 

5 (EMBODIMENT 2) 

The adaptive auto equalizer of the second embodiment of the 

present 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 uni ts 

of the p1ura1i ty of latch uni ts (weight coefficient holding units) 

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 621Sl 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 first embodiment. the same 

elements are assigned with the same reference numbers and their 

description will be qmitted. 

Thus. in the present embodiment. the number of necessary latch 

25 uni ts can be designated by means of the control signal. 
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Consequently, even if the delay time periods required before the 

update of weight coefficients are different due to the difference 

in the internal structure of the transversal filter block 1 or 

adaptive control block 2a, the adaptive control block 2a can be 

5 used for general purposes, 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 coefficient, based on the 

two signals: the input signal of the transversal filter block 1 

and the output signal of the error detection unit 51. The detected 

signal is entered to each of the coefficient 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 
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uni ts of the plurality of latch uni.ts (weight coefficient holding 

units) provided therein, depending on the delay amount of the 

weight coefficient, _based on the entered delay amount detection 

signal. 

5 Thus, the 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 ~nd 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 switch 103 in the •open" 

position and to disconnect the error detection unit 51 from the 

selection-type coefficient amendment unit 62. As a result, the 

operation of the adaptive control block 2b is put in the •off" 

20 state and the functions of the adaptive control are halted. Thus, 

under the conditions that the output of the transversal 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 
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(EMBODIMENT 5) 

In the adaptive auto equalizer of the present embodiment, 

as shown in Fig. 11, an adaptive control block 2c includes a 

determination 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 adaptive 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 noi.se or the li.ke, 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, 
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as shown in Fig. 12, an adaptive control block 2d includes a 

determination circuit 43 and a switch 103 which receives the 

output of the determination circuit 43. The determination 

circuit 43 determines the level of the output of the transversal 

5 filter 1. and outputs a control signal for ordering the functions 

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 adaptive control block 2d in the •off .. 

10 state. On the other hand, when the output level of the transversal. 

filter 1 becomes below the predetennined value, the switch 103 

is put in the "closed• position, so as to resume 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 like, the detennination circuit 43 halts the 

operation of the adaptive control, so as to suspend the update 

of weight coefficients temporarily, thereby perfonning desired 

adaptive control.. 

20 

(EMBODIMENT 7) 

In the adaptive auto equalizer of the present embodiment, 

as shown in Fig. 13, an adaptive control block 2e includes 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 
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signal to the selection-type coefficient amendment unit 62, so 

that more multiplication units for updating weight coefficients 

are used when the output level is large and fewer multiplication 

units are used when the output level is small. 

5 Consequently,. when the error outputted from the error 

10 

detection unit 51 is small, that is, when the adaptive control 

does not need to be very accurate, the number of multiplication 

uni ts 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 

15 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 termi:Qal 104. On receiving the external 

signal, the modified tap number control unit 111 controls the 

number of coefficient modification units ~or taps to be used of 

20 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, disconnecting power lines from coefficient modification 

uni ts for taps not in use by means of a switch or the like. The 

25 coefficient modification units for taps to be used are selected 
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to be symmetrical with respect to the one disposed in the center. 

As a result. power consumption can be reduced for the number of 

coefficient modification units for taps not in use. 

5 (EMBODIMENT 9) 

The present embodiment is a combination of the second and 

eighth embodiments. In other words, as shown in Fig. 15, a 

selection-type coefficient 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 uni ts 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 uni ts 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 in 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 1311 to 131N counts input clocks, and outputs the output 

of the corresponding coefficient modification unit for a tap (that 

25 is, weight coefficient) when a set value is reached. 
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Thus. according to the present embodiment, in such a case 

that the adaptive control does not need to be very accurate, the 

weight coefficients of the multiplication units can be updated 

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 embodiment is an improvement of the tenth 

embodiment. In a selection-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 Consequently, 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 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 shown in 

Fig. 18. a selection-type coefficient amendment unit 69 includes 

25 a signal-to-noise ratio measurement unit 141. This unit 141 
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measures the signal-to-noise ratio of an input signal of the 

transversal filter l, and decreases the number of coeffici~nt 

modification units 691, 692 to 69N for taps 1 to N in use when 

the signal-to-noise ratio is large while increases the same when 

5 the ratio is small. 

Consequently, according to the present embodiment, even 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 

10 output of the transversal 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~ 

15 

(EMBODIMENT 13) 

In the present embodiment, as shown in Fig. 19, a 

selection-type coefficient amendment unit 610 includes a data 

identi~ication unit 151 which.receives an input signal of the 

20 transversal filter 1. The unit 151 distinguishes the level value 

or pattern of the input signal of the transversal 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 

25 N to be used, depending on the identification results. 
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Recording media used for the record/reproduction of data have 

various data reproduction characteristics depending on their 

types. In this embodiment, the type of a recording medium is 

identified based on the signal outputted from the recording medium 

5 to the transversal filter 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 converged 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 a predetermined time period which comes 

immediately 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 

20 of all the coefficient modification units 6111 to ~llN 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 to 611N for taps 1 to N, thereby being used to update the 

weight coefficients. 

25 Consequently, according to the present embodiment, even if 
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the outputs of the error detection unit 51 temporarily change to 

a great extent due to noise or the like, the wrong outputs are 

not used themselves but are taken an average within a 

predetermined time period. Thus, it is possible to reduce the 

· 5 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 

10 modification unit 612 for tap L (L = each value between 1 and N) 

.. 
included in a. selection-type coefficient amendment unit has a mean 

value calculation unit 162 at the stage.· following the selector 

62153. This unit 162 takes an average of the outputs of the 

co~ff icient modification uni ts 6211 to 621N for taps 1 to N every 

15 clock within a predetermined time period which comes innnediately 

before the ente~ing 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. 

20 The mean weight co.efficient outputted from the mean value 

calculation unit 162 is given to a corresponding multiplication 

unit. 

Consequently, according to the present embodiment, in the 

same manner as the fourteenth embodiment, even if the output of 

25 the error detection unit 51 temporarily changes to a great extent 
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due to noise or the like, it is possible to reduce the wrong update 

of the weight coefficient to be given to each multiplication unit. 

(EMBODIMENT 16) 

5 The present embodiment.is an improvement of the fifteenth 

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 621$3 is between 

the upper limit value and the lower limit value. The upper 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 

lower limit value, the determination circuit 44· blocks the output 

to the mean value calculation unit 162. 

20 When the value of the weight coefficient is above the upper 

limit value or below the lower limit value, the value of the weight 

coefficient is considered to have been wrongly updated due to 

noise or the like, and not regarded as an object ~or taking an 

average in the mean value calculation unit 162. As a result, 

25 according to the present embodiment, it is possible to further 
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reduce the wrong update of a weight coefficient. 

(EMBODIMENT 17) 

In the present embodiment, as shown in Fig. 23, a coefficient 

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 power 

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 the transversal filter 1 can 

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

further improves the convergence. 

25 {EXAMPLE 18) 
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In the present embodiment, as shown in Fig. 24, a coefficient 

modification unit 615 for tap L includes an adding/averaging unit 

181. The adding/averaging unit 181 receives the outputs of the 

plurality of latch units (weight coefficient holding units) 6211, 

5 6212 to 621N every clock, adds them together, calculates the mean 

weight coefficient, and outputs the calculated means weight 

coefficient to the selector 62183. 

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. bl.oak is excl.usively 

turned off according to its purpose I that is I when the update of 

the weight coefficient is stopped and the transversal block 1 is 

exclusivel.y operated by the weight coefficient with a fixed val.ue 

given by the adaptive control block 2, if the updated final weight 

15 coefficient is wrongly updated due to noise or the like 

immediately before the adaptive control block is turned off, then 

the output of the transversal 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 given to the transversal block 1, so that the 

output of the transversal filter block 1 can be converged upon 

the expected value in a short time. 
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What is claimed is: 

1. An adaptive auto equa~izer comprising: 

a transversal filter for 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 coefficient 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 modification units ~ach 

calgµlating an amendment value of the weight coe_fficient and 

giving an amended weight coefficient to a corresponding one of 

25 the plurality of multiplication units: 

I lllf llfllllll 11111 1111111 1111 
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each of said coefficient modification units including a 

plurality of weight coefficient holding units; and 

a plurality of amended weight coefficients are held in said 

plurality of weight coefficient holding units by repeatedly 

5 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 claim 1, wherein a number 

of said weight coefficient holding units provided in each 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 

plural.ity of mul.tiplication units in a time peri.od correspondi.ng 

20 to a sum of each delay amount of said transversal filter, said 

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 

111111111111111111111111111111 
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holding units to be needed and amends the weight coefficient by 

using the number of said weight coefficient holding units to be 

needed which 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 

transversal 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 uni. t, 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: 

11111111111111 11111 1111111 1111 -~ 
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a determination circuit for entering the error outputted from 

said error detection unit and comparing the error with a setting 

level: and 

a switch 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 output 

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 ciaim 1 further 

comprising: 

a tap number 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 

I 1111111 11111111111 1111111 1111 
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of the error. 

10. The adapti.ve auto equali.zer of clai.m 1 further 

comprising: 

5 a modified tap number control unit for entering a control 

signal from outsi.de 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 compri.sing: 

a modified tap number/wei.ght coeffi.ci.ent number control unit 

for enteri.ng a control si.gnal from outsi.de and controlling a 

number of said coefficient modi.fication uni.ts to be used. and a 

number of said wei.ght coefficient holding units to be used in said 

15 coeffi.ci.ent 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 sai.d 

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 ~lurality of 

multi.plication units to once in a predetermined number. 

25 

11111111 """ 111111111111 1111 * C L M s * 
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13. The adaptive auto equalizer of claim 12, wherein the 

predetermined number is set by a control signal entered from 

outside; and 

each of said coefficient modification units controls a numbe·r 

5 of said plurality of weight coefficient holding units to be used, 

based on the control signal. 

14. The adaptive auto equalizer of claim 1 further 

comprising: 

10 a signal-to-noise ratio measurement unit for entering 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: 

a data identification unit for entering the input signal of 

said transversal filter, identifying a type of a recording medium 

20 which stores the input signal, based on the input signal, and 

controlling a number of said coefficient modification units to 

be used, by identification results. 

16. The adaptive auto equalizer of claim 1 further 

25 comprising: 

11111111111111 11111 1111111 1111 
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a mean value calculation unit for calculating a mean value 

of errors outputted from said error detection unit and controlling 

a number of said coefficient modification units to be used, 

according to the mean value of the errors. 

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 outputted from said plurality of weight 

coefficient holding units and providing the mean value of the 

10 weight coeff ici.ents to a correspo~ding one of the multiplication 

units. 

18. The adaptive auto equaliz~r of claim 1 further 

comprisi.ng: 

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 limit value 

and a set lower l:Lmit value, and outputting the weight 

coefficients within the range 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 determinati.on circuit and controlling a number 

of said coefficient modification units to be used, by the mean 

value. 

25 
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19. The adaptive auto equalizer of claim 1 further 

comprising: 

a coefficient storage unit for storing a latest amended weight 

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 calculating a mean value of the 

weight coefficients held in said plurality of weight coefficient 

holding units: and 

when modification of the 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 to a corresponding one of the plurality of 

multiplication units. 

111111111111111111111111111111 
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