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DATA RETRIEVAL CHANNEL CHARACT6RISTICS CONTROL 

BACKGROUND OF THE INVENTION 

The present invention relates to info~tion storage systems and, 

more particu1arly, to control of characteristics of the da#, retrieval channel through 

5 which data is retrieved from storage in such systems ... 

Digital data .magnetic recording ~ store digital data by 

recording same in a moving magnetic media layer uSing a storage, or "write", 

electrical current-to-magnetic field transducer, or "h~~ ... positioned immediately 

adjacent thereto. The data is stored or written to the Jliagnetic media by switching 

10 the direction oftlow in an otherwise substantially comt8.11t magnitude write current 

that is established in coil windings in the write tr~ucer in accordance with the 
: ~ . . . 

data. Each write current direction transition reSUlts in a reversal of the 

magneti7.ation direction. in that portion of the magne~!~:'llledia just then passing by 

the transducer during this directional switching of the &ii:rent flow, with respect to 

15 the magnetization direction in that media induced by ~ previous in the opposite 
:.:···.: 

direction. In one recordmg scheme, often termed · D'ometum-to-zero inverted 

(NRZI), each magnetization direction reversal occumng,:pver a short portion of the 

magnetic media moving past the tramducer represents·:~ number system digit 
. !"'. 

"1 ", and the lack of any such reversaJs in that portion re,J>resents a binary digit "O". 

20 Recovery of such recorded digital data. is accomplished through 

positioning a retrieval, or "read" magnetic field-to~vo~ge transducer, (which may 

be the same as the storage transducer if both of these ·~ucers rely on inductive 

coupling between the media fields and the transduceI°) ''or "head". is positioned to 

have the magnetic media, containing previously stQred data. pass thereby. Such 

25 passing by of the media adjacent to the· transducer pe~ts the flux accompanying 

the magnetization reversal regions m that media ehheito induce a corresponding 

voltage pulse in forming an analog. output read s~al for that retrieval transducer 

or. alternatively, change a transducer;cilcuit par~~it:o thereby provide such an 
~· . . ~.·. ' 
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output signal vokage puJse. In the coding scheme d~bed above, each such 

voltage ·pulse in the read transducer output signat<due to the reversal of 

magnetization d~tions between adjacent media portiQ~s is taken to represent a 

binary digit "l ", an~ the absence of such a pW&e in co~ponding media portions 
."; : . . 

5 is taken to represent a binary digit "O". 

Digital data magnetic recording syste~)1ave used peak detection 
methods for the (letection of such voltage pulses in theietrieved analog signal as 

the basis for digi~g this signal. Such methods are b~ on determining which 

peaks in that signal exceed a selected threshold to determine that a binary digit "1" 
. ·.· 

1 O related pulse occurred in the retrieved signal. and also J?se:the times between those 

voltage pulses tO f&:onstruct the timing information used fu the preceding recording 

operation in which.the data were stored in the magnetic·JIJ.edia as descn'bed above. 

The analog retrieved, signal is provided to a phase-locked loop funning a controlled 

oscillator. or a phase:.Jock osciDator or synchronizer. ·~hich produces an output 

15 timing signal, or i•cloclc" signal. from the positions of t_lie detected peaks in this 

analog retrieved(sigoat. Absolute time is not used in operating the data retrieval 
.: . . . ·:•: 

system portion sill~: the speed of the magnetic media~ over time during both 

the storage op~ration and the retrieval operation to result in nonunifonn time 

inte~ or nomuiifonn multiples thereof, occurring betw~ the voltage puJses in 

20 the analog ~trievechignal. 

T~ is always a desire in magnetic recordbig systems to devote less 

of the magnetic mema along a track therein to the storag~ :of a bit to thereby permit 

increasing the ~ity of the bits stored. The use of p~ detection places a limit 

on the density ot bi~ along a track because increasing '.~t density beyond some 

25 point will lead to too much intersymbol interference w~911 in turn leads to errors 

in the recovery of di.I.ta using such peak detection meth~ds. Because of this limit. 

recent increases in bit density along a track in a magne~ ~ia have come with the 

acceptance of a·~11trolled, or known. amount of in~ol interference which, 
:<• 
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since known, allows detection of the pulses involved d,espite this interference. The 

read transducer- analog output signal generated from tile binary bits or symbols 

stored in the Jrulglletic media is sampled with the resulting samples being convened 
' 

to digital data; and the samples are taken at a rate which leads to more than one 

5 sample per puJse rather than the s~le sample per pu)se which would be sufficient 

for peak detection if sampling was. used therewith. Since each individual samp1e 

reflects only pan of the pulse response, this process used in a system results in 
. . 

referring to such a system as a partial response system. 

A digjta1 data magnetic recording system comprises a bandpass data 

IO retrieval ch~lin that it is unable to transmit very l~w frequencies, and has an 

upper frequency beyond which its transmission is a1so .quite poor. Although there 

are a number of possible alternative partial response ~m arrangements, there is 

substantial valUe in matchmg the partial ~onse spectrum to that expected for the 

data to be tnmslilitted in the chamiel. A relative1y simple partial response system 

15 that does not require transmission at very low freq~ilties is known as a class 4 

partial response system. and is typically used in ma1.2tic digital data recording 

systems. Such a response is obtained by providing· mi overall channel and filter 

response equal fo that of the sum of two opposite polarity Nyquist channel impuJse 

responses sepm.11~ in time by two simple intervaJs. Such an ammge.ment will lead 

20 to a filter analog output signal from which ideally can be obtained three alternative 

possible sample values of -1, 0 and' 1 fo;r: an inptjt signa(based on binary recorded 

data if sampled, at appropriate ins~t$~. The sequenJe.of resulting samples can be 

viewed as comprls~g an mterleaviog.oftwo sub$equ~ces, one formed of the odd 

numbered sampJes and the other foQned of the eye.n nri~bered samples, in view of 
. ~· . . . . . 

25 each sample value having contributjons .from ooly ~~ :eurrent1y retrieved stored 

datum and second preceding datum. . 

·A read transducer ~!>.I :output sip~]; provided through any kind 

of a data retrieval channel is subjectto.'.c~ntainhl.g etr~~ therein as a result due to 
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noise. timing errors, gain errors, ·signal offset, c~l nonlinearities such as 

asymmetry, and ~ Jikc encountered in the course ofre~val. Linear equalization 

is used in such a chalmel to provide a frequency resp()llS,C 5;Uited for a class 4 partial 

response channel and to counter linear distortions Which would otherwise be 
. ~ :. 

5 imposed on the channel output waveform but cannot counter nonlinear distortions. 

One such nonlinear distortion in a. read channel· is asymmetry in the channel 

response to the binary input values of "O" and "l ". One typical source of such 

asymmetry in a read channel occurs with the use of a ~toresisti\i'e transducer 

in the read bead which often provides a different magnit\)(,\e output when reading 

10 a magnetimion tramition from the magnetic media in goiDg from a first state to an 

opposite state than when making a transition from an alternative second state to an 

opposite state. 

Feedback control systems are typically, used to controJ the 

characteristics of data retrieval cbanneJs through estimatjog the errors with respect 

15 to desired values in the channel gain, sipJal offset and sampµng timing phase errors 

and attempting to drive such mors to 7-ero. Such system&, which fail to compensate 

for ch~el asymmetry either suffer an undesirable intJ'oduction of bias in the 

estimates or an increase the variance of those estimate&· over what they would be 

in the absence of BUCh asymmetry. This result can be shown in connection with the 

20 data retrieval portion of a magnetic media digital da~::storage system shown in 

block diagram form in Figure 1. 

In tbat figure, a magnetic material co\'~d disc, 1 o. containing 

pluralities of magnetization direction r¢Versals along ~h ·~fa plurality of more or 
. :·,~- .· 

less concentric, circular tracks, is ·rotated past a. #ata retrieval transducer 

25 arrangement, 11, or ""read head". positioned adjacent ~ ~1ected track by a "'head,, 

positioner and initial signal processor, ·12. about a spm~>l3, to provide an initial 

analog read signal. x(t). This signal is subjected to ~ processing in a signal 

processing block, 14, including linear channel equalizatiop/The output from signal 
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processing block 14 is an analog output signal, y(t), which is provided to a variable 

gain amplifier, 15, and then this signal, as amplified. is provided to a signal offset 

compensation adder, 16. The output of this adder is then provided to a sampler, 

17. based on a sample and hold circuit which is operated by a sample acquisition 

5 timing signal provided by signal processing block 14 that is derived from the 

samples provided by sampler 17 to that signal proce~g block. 

Consider the received signal y(t) from the data retrievaJ channel 

equalizer in a channel subject to an asymmetry nonlinearity which comes about 

because of input analog signal x(t); obtained from the data stored in the. magnetic 

10 media, being introduced into the class 4 partial response. cbannel with a nonlinear 

element or elements therein. Such a channel 011tput signal can then be 

approximated to reflect the nonlinearity as 

15 

Y(t) = X(t)- Cuymm X 2(t). 

As seen in the system block diagram sh_own in Figure 1, this signal 

is then subjected to a controlled gain in ampJifier 15 and to controlled offset 

compensation in adder 16, and thereafter presented tO sampler 17 to be sampled 

over time in each successive sampling interval T therein to provide samples y(kT) 

for use in further signal processing steps with k being a counting integer. If the 

20 values of the channel input signal x(t) at sampling times.kT are written x(kT). the 

nonnalim:I versions thereof are de~ as i[k] and are expected to take the values 

l, o or-1 as descnl>ed above. In the ~ce of the·gam being 1 and the offset 

being o. the above equation indicates that the samples YckTJ will take the values l­

e.,_, 0 or -1-c.,_ using the normalif.ed values for input signal x(t)at the sampling 

25 instants. However. the signal presented to sampler 17 is corrupted by noise present 

at the sample imtants represented by n[kT]. Sue~ ~ois¢ samples can be considered 

independent random variabJes at each.sampling ~~~t ~ving a mean value of zero 

and a variance of a2
• 
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Furthermore, the signal is aJso compted by signal offset acquired 

in the channei then amplified in amplifier 15. and subjected to signal offset 

compensation :in adder 16. Assuming that the timing phase errors have been 

eliminated in block 14, the value of a sample taken at kT will, :instead of being 

5 y[kT], be 

10 

s[kTJ =s[k] =j[k](y{kT)+n(kT)) +coBset(kT) +O[k], 

where the proper gain ilk] = ilkTJ for the channel and the needed offset 

compensation 6[k] = 6[kT] for the channel are to be estimated. 

The error e[k] = e[kT] in this sample is then defined as the difference 

between the sample magnitude value and the anticipated or expected value for that 

sampJe, or 

e[k] = s(k] - P11kr 

15 The expected values of s(k] are, m general, denoted pllkl for a particular value of the 

input signal and are specifically written as p1, Po and P.1• They can be defined as 

p1 A anticipated value of samples corresponding to l[k.] = 1, 

p0 A anticipated value of samples corresponding to l[k] = o. and 

p.1 A anticipated value of samples corresponding to l[k) = -1. 

20 Jn typK:al reedback control loops for class 4 partial response data retrieval chaoneJs, 

asymmetry is disregarded and the values for use in those loops are taken as p1 = 1, 

Po= 0 and p.1 = -1. In an alternative that provides some recognition of asymmetry. 

these expected values are taken instead to be p, =I, Po= 0 and p_, = -V. with V" 

being a programmable value which is estimated in an external channel assessment 

25 arrangement and insened for use in the control loops by intervention of a 

microprocessorserving as the overall system controller. 

Class 4 partial response data retrieval channels are desirably 

operated to milJimi7.e the mean square error resulting from the error source sought 
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to be controlled. Such an effort requires findbtg :t~C.,-error gradient of this mean 

squared error which must be set to zero and solved/,?rhe. difficulties in finding the 

minimum mean squared error leads to inste~ , us,b:l8·' the error gradient of the 

squared error itself as a basis for adaptively adju.Stlllg '~p error toward a minimum 
5 without having to find a mean value. This results .in ~}~tochastic gradient which is 

used for the adjusting the parameter giving· ri&e tc{~ error or a compensator 

countering such an error in a direction opposite the ~r direction in a feedback 
:.::·· 

10 

loop. The stochastic gradient of the squared en-or .Witlirespect to the signaJ offset 
estimator ignoring asymmetry is 

ae2[k] AVo[k] =2e[k] c3s[kl=2C[k]. 
aa[kJ aa[k] · 

Since this gradient is integrated ~ver time and the re$11lt multiplied by a small step 
si7.e factor for loop stability to provide the signal to control an offset compensation 

adder, the factor 2 can in effect be included in the step size factor. Thus, 
IS controlling error due to signal offset is based on a feedback loop forcing the error 

to zero. 

This is accomplished in the system ofJfigure I by using a pair of 
comparators. 20 and 21, and a source of threshold values, 22, to determine whether 

sample values from sampler 17 are likely to have ~ iJitended to have a value of 
20 l, O or -1, and using that dctennination to pro:vide .lln expected value for the . ... ::;. 

corresponding sample from a source, 23, to a slib~~or. 24. Bach sample form 
.>:.:· 

sampler 17 is provided to the non-inverting input of comparator 20, the inverting 

input of comparator 21, and to one input of subtractor;:24. A positive threshold 

value of one half is provided by source 22 to the inverting input of comparator 20 

25 and a further threshold value of negative one ba)fJ8·s6pplied by source 22 to the 

non-inverting input of comparator 21. Sampies"with '\t~ues larger than one half 

cause comparator 20 to switch its output from a "O" • 1~~1~;state value to a "1" logic 

state value and leave a "O" logic state value at the·oritpiit of comparator 21. This 
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causes a switch. 2S, to close to provide the expected smP,ple value of 1. supplied by 

source 23. to the input of subtractor 24. 

A sample valne that is less than negati\re one ba1f provides the 

opposite result in logic states at the outputs of comparators 20 and 21. Such a 
:--;.-·: 

5 condition imtead causes a switch, 26, to cJose to provide tb~ expected sample value 

of -1, supplied by source 23, to the input of subtractor 24: If the absolute value of 

the sample is less than one half, a •'O" logic state value appears at the outputs of 

both of comparators 20 and 21. In this situation only, a NC)R gate, 27. having two 

inputs, each being connected to a corresponding one of the outouts of comparators 

10 20 and 21, will have its output go from a "()" logic state yalue to a "l 11 logic state 

value to thereby close a further switch, 28. This l'e$lilts in the providing the 

expected sample value of 0, supplied by source 23, to ~'.input of subtractor 24. 

The expected sample value selected by one of switcJi# 25, 26 and 28 to be 

provided to one of the inputs of subtractor 24 is subl,racted therein from the 

15 corresponding sample value in the sequence thereof provided to the other input of 

that subtractor to yield the corresponding samp1e error e[kJ)n the sequence thereof 

at the subtractor output. 

A ftactional step size factor is appJied in a ~tep size box, 29, to this 

error as necessary for loop stability and the sequence of.¢mrs so formed in this 

20 manner is integrated over time in a time integrator, or aIJIJ.og value summer. 30. 
··.·-:::· 

The outpUt signal of integrator 30 is then supplied to offst'.t.c,ompensation adder 16 

to act toward cancelling the signal offset in the amplifiCd linear cqualim' output 
·.·· .. ·, 

signal supplied from signal processing block 14. · ..... 

The stochastic gradient of the squared error.\YitJl respect to gain error 

25 estimator ignoring asymmetry is 

ae i[k] A Vg[k] = 2e[kl as[kJ = 2e[k]t(kJ 
ollkl oA[kJ) ·. ·· 
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after substituting the expected input signal value at sampling for the actual sample 

value in the second factor; Again, since this gradient is integrated over time and 

the result multiplied by a small step size factor for loop stability to provide the 

signal to control a variable gain amplifier, the factor 2 can in effect be included in 

5 the step size factor. Hence. controlling error due to gain variation is based on a 

feedback loop forcing the product of the error and the expected channel input signal 

value at sampling instants to zero. 

This is accompliahed in the system of Figure 1 by use of a further 

set of three switches. 31, 32 and 33, to selectively transfer a version of the error 

10 provided at the output of subtractor 24 to a further step si7.e block, 34, to apply a 

fractional step size factor for loop stability. Switch 31 is controlled by the same 

signal as switch 25, and so transmits the error unchanged if the sample value 

exceeded one ha1f to thus behave as though transmitting the error multiplied by the 

expected input signal value at sampling of 1. Similarly, Switch 32 is controlled by 

15 the same signal as switch 26, and so permits transmission the if the sample value 

was less than negative one haJf, but only after the error has passed through an 

analog inverter, 35, to change its algebraic sign, to thus behave as though 

transmitting the error multiplied by the expected input signal value at sampling of 

-1. Finally, switch 33 is controlled by the same signal as switch 28, but transmits 

20 the expected value of 7.ero supplied from source 23 if the sample absolute value 

was less than one half, to thus behave as though transmitting the error multiplied 

by the expected input signal value at sampling of 0. 

The effective error and expected mput signal value product signal 

provided to step size block 34 bas a fractional step size applied to it in that block 

25 which transmits the result to a time integrator, or analog value summer, 36. The 

resulting signal is provided to the gain control input of variable gain amplifier 15 

to control the amplification of the channel signal supplied to the signal input of 

amplifier 15 by signal processing block 14. 
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Although the feedback loops just descn"bed in connection with the 

system of Figure 1 ignore asymmetry in the design thereof, the asymmetry actually 

present in the data retrieval channel nevertheless affeCts the behavior of these 

loops. As described above, the loops act to force the ~orresponding gradrents to 

5 7.ero resulting. for the signal offset control loop, in baving:·tbe expected value of the 

corresponding gradient be zero, or 

B{Vo[k]} =E{e[k]} =O. 

If the probability of an input signal value at sampling of I is P(l). the probability 

10 of an input signal value at sampling of 0 is P(O) and. the probability of an input 

signal value at samp1ing of-1 is P(-1), this expectation cm be written as 

15 

20 

25 

E{ e[k]} = B{s[k]tltJ -p1lkl) = E{ (s[k.]11kl • 1 -p11tJ=t)P(l) 

+(s[k]tlkl=O-plfkl=JP(O) 

+(s[k)llkl • -1 -P11tJ• -1)P( -1)} 

=E{ { {P(l) { (A[kl { 1 -c.ymm) +n[k]} +coff811[k] + 6[k] -1}} 
+P(O){ {![k]{O+n[k]} +cot&el[k] +6[k] -0}} 
+ P(-1){ (i[k]{ -1 -c .. ymm) +n[k]} +cofftet[kl+O[k] + 1}} }} ) 

=E{ {l[k](P(l)-P( -1) + [ -P(l)-P{-l))cuymm} 
+ [P(l) + P(O) + P(-l)]i[k.]n[k] .. 
+[P(l)+P(O) +P(-l)]{cof&et[k] +16[k]} -P(l) +P(-1)) }. 

Since P(l) = P(-1) and P(l) + P(O) + P(-1) = l, 

c 
E{e[k]} =E{ -J[k] U}'llllll + i[k]n[k] +c

0
1fset[k] +6[k]} 

2 

c ' ' 
= gck1 T + cofftctck1 + o[k1 
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for the noise having a zero mean. Setting this resuk to zero as indicated above 

results in showing the offset compensator will introduce into the signal offset 

compe.mation loop the value 

c 
0 ... l(k.J 7 -Coffsec 

to result in a asymmetry based bias value added in th~ resulting compensation. 

Forcing the gain gradient to zro resultS in having the expected value 

of that gradient. in the gain control Joop, being zero, or 

E{Vg) =B{i[k]e[k]} =O. 

This expectation can be written as. 

E{ i[k]e[lc]} = E{ i[k](s[k]11JtJ -p11t1>) 
=E{l(s[k]lftJ=l -P1.1tJ;= ,)P(l) 
+ O(s[k]llkl =O -ptltl .. o)P(O) 
-1 (s[k]tfkJ= ·J -ptlkl= -i)P(-1)} 

=E{ { {P(l)( {i[k]{ 1-cuymm) +n[k]} +coiuct[k] +6[k] -1}} 

-P(-1){ Ut[lc]( -1 -casyinm) +n[k]} +cott.d[lc] +6[k] + 1}} }) } 

= E{{ g[k]{P{l) + P(-1) + [ - P(l) + P(-l)]cUJJIUD} 
+ [P(l) -P(-l)]J[k]n[k] 
+ [P(l)-P(-l)]{cofftec[k] +O[k]) -P(l)-P(-1)} }. 

Since P(l) = P(-1), 

E( i[k]e[k]} = ![k)[P(l) + P( -1)] - P(l) - P( -1 ). 

25 Setting this result to zero as indicated above results iJfshowing the loop forces the 

gain to a normalized gain value of 1, that is i-. 1. Thus, the gain control loop 

results in an unbiased normalized gain despite the asymmetry present in the data 

retrieval channel. 
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However, this asymmetry introduces an ip.creased variance in the 

gain control loop. Since the expected value of the gain gradient is forced to be zero 

by the gain control loop, the variance for the gain gradient is 

Var{Vg} =B{(Vg-E(Vg))2} =E{(Vg-0)2} =E{(Vg)2} 

= B{ { (l(s[k]lllkl =I - PttkJ • i) }2P(l) 

+{ O(s[kl111c1 .. o - Pi11c1 .. J f1
P(O) 

+{ -1 (s[k]lllrJ .. -1 -plUcJ = -1)}"P(-l)}} 

=E{ {{P(l)( {![k]{ 1 -cuymm) +o[k]} -tcoffHl[k] +O[k}-1 }}1 

+P(-1) U![t.]{ - 1 -cuymm) +n[k)) +coffset[k] +6[k] + 1} }2 } } }. 

If the gain control loop has forced the normalized gain to 1 and the signal offset 

control loop has forced the offset compensation to tbe'value given above, this 

becomes 

c c 
Var{Vg} =P(l)E{(- uynun +n(k]}1} +P(-l)E{(-~+n[k])2 } 

2 2 

c 
=[P(l) + P(- l)]E{ (-~ +n[k])2} 

2 

c2 
=[P{l)+P(-l)]E{~-n[k]c +n 2[k]} 4 uymm 

20 which. for ~ noise being of zero mean value with a variance of a2. gives 

c 
Var(Vg} = [P(l) + P(-1)]( uymm +oi). 

4 

Thus, the presence of a tenn involving the asymmetry coefficient indicates an 

increase in the variance of the gain gradient due to asymmetry in the data retrieval 

25 channel. 

Although the variance due to noise can be halved by using the two 

most recent gain gradient values in a two point moving average estimate. the 

asymmetry contribution to the gain gradient variance re~ present in a pattern 
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dependent manner. Successive positive and ~gativeyalued samples as the basis 

for the moving average estimate will tend to canceJ ti¥: asymmetry contribution to 

the gain gradient variance, but other data patternS wj)l~Ontinue to contribute to that 

variance. Thus. there is a desire for a digital data ;~~val channel characteristic.~ 
5 control system to provide more nearly optimal· chaDiiel gain and signal offset 

performance in the presence of channel asymmetry;>f';urthermore, there is a desire 

to provide such a control system in an all, or ne~l~all, analog form to avoid 

needing to provide digital registers for this purp~se and the corresponding 

operating delay& and increase in power consumption.· 

10 BRIEF SUMMARY OF THE ~NTION 

The present invention provides a ~guai conditioning system for 

controlling charac~ristics of an analog signal ob~d from magnetically stored 

data through ·a data retrieval channel that asymmetTi~y affects analog signal 

magnitudes. there being a variable ·gam amplifief:md a compensation adder 
. '··:.: .. 

15 connected se~ between the channel and a samplet( An expected sample value 

source provides expected value signals representatfye:. of magnitude values in the 
·•· ·.· 

analog signal is expected to have at least at some,ofs&id sampling instants. An 

error determiner determines differences between the~Jes taken by the sampler 

and corresponding ones of the plurality of expec4~:·va1ue signals to provide a 

20 sequence of error values. An error segregator formS subsequences of the error 

sequence with ·at Jeast one subsequence of errors c~#~ponding to those samples 

which represent. .magnitudes of the analog signarsiibsi'1ttiallY unaffected by said 

as}l1ll1Iletry provided.at said compensation outpu,t:the~~f. and one or more other 

subsequences of errors corresponding tt) those sa~Ies wl1ich represent magnitudes 

25 of said signal substantially affected by,said ~try~ ,_A compensation combiner 

provides a combination of at least some of the ul,taff"¢cted. subsequence of errors to 

the analog combiner. and a control cQmbiner p~'viding;'a combination of at Jeast 

some of the atfected subsequence of errors to tli~·varbi&Je gain amplifier. 
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Two subsequences can be formed hf tile error segregator each 

corresponding to those samples which represent a corresponding magnitude of the 

analog signal substantially affected by the asymmetry 8:11d then selected versions 

of those errors in each affected subsequence of errors are combmed prior to 

5 providing them to the control combiner. An asymmetry combiner combines at least 

some of the errors in the affected error subsequence and provides the result to the 

expected sample value source for use in forming expected value signals 

representative of at least some magnitude values the ana}og signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

I 0 Figure J shows a block diagram of a system used to control 

characteristics of an analog signal, 

Figure 2 shows a mixed block and logic.diagram of a system used 

to control characteristics of an analog signal embodying the present invention, 

Figure 3 shows a mixed block and logic diagram of a subsystem 

15 used in the system of Figure 2, and 

Figure 4 shows a block diagram of a subsystem used in the system 

ofFigure2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As previously indicated, the feedback control-loops controlling some 

20 of the charact.eriBtics of the digital data retrieval channel: ~-·a magnetic data storage 

system are operated to be optimal in the sense of ~ the square of the 
. ···,·. '.· 

sample error in a stochastic gradient algorithm based unplementation. However, 
: -~ . ; .'. ' 

the sample elT'Or can be considered as three different e!T()i's each associated with .,._ .. · ... 
one of the expected ideal sample values of 1, 0 and -1 which occur in the channel 

. 25 input signal at the sampling instants. Such error at~tions can then be used 

separately in some combination for controlling the feedb.~k loops. The sample 
··._ .. , 

squared error is written generally as 
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e2[k] =(s[k] -p11ki)2 = {g[k](y[k] +n[k]) 

+coftsel +O[k]-plfkl}2, 

and the corresponding squared errors specificaDy set out for each expected value 

5 of the channel input signal at the sampling instant~ are 

10 

15 

et[u] = (s[u] -p1)2 = {g[u](l -cuymm +n(u)) 

+coffset +6[u] -p1 }
2, 

C:lw) = (s[w] -p1,}2 = (l(w]n[w) 

+coffael +6(w] -po}2 

and 

e~1 [v) =(s[v]-p_1)2 = (g[v](-l -c8IJ'llllll +n[v]) 

+cotrset + 6[v] -P-1 }2, 

where u. w and v ~ counting integers associated with samples corresponding to 

input signal values of 1. 0 and -1 at the sampling instants, respectively. 

A review of the foregoing specific squared errors shows the one 

20 associated with the expected ideal sample value of 0, ~. involves the signal offset 

and the signal offset compensation terms but not the asymmetry coefficient Thus. 

the samples associated the expected ideal sample value of 7.ero can be used by 

themselves to operate the signal offset control loop without introducing bias due 

to asymmetry. The offset gradient with respect to this squared error for expected 

25 sample values of 0 is 

ae;[w] ~Vo [w] =2e [w] c3s[w] 
c36[w] 0 0 c36[w] 

=2eJw]. 
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Thus, the error subsequence developed on the basis o.f ~les occurring for the 

expected input signa] value at sampling being 0 in the sequence of samples can be 

used to control the signal offset loop by subjecting it t~~rfractional step sU.e factor 

chosen for loop stability (in which the factor 2 a\)tlve is absorbed) and time 

5 integrated to provide 6[k] as an unbiased estimate .of.sjgnal offset. This loop 

accomplishes this result by forcing this error toward =,-o:to provide E{e0 } = 0. If 

the mean of the noise is zero. this condition imposed.on.en taken from the above 

equation for ei gives 6[w] = -cofflet-

The remaining two sample squared erro~·equations above for the 

10 expected input signal values at sampling of I and -1 ·inyoJve the corresponding 

expected sample values p1 and p.1 which values can ~· 2ldjusted in magnitude to 

counter the asymmetry encountered in the channel. An.estimate for the asymmetry 

is introduced into these squared errors equations for ~purpose of compensating 

for the asymmetry coeftlcient contribution occurring ~rein which are the only 

15 errors in connection with which the asymmetry o~s in any event. This 

introduction wm have no effect on the signal offset loop']>~rformance since it uses 

only the samples when the expected input signal valu~··~' sampling is o. i.e. the 

asymmetry coefficient does not appear in the equation fo(e~ nor do p, and p.1 but 

only p0• The sample squared error value in this sitµ.a~9n of jointly using the 

20 samples obtained when the expected input signal valtre,Jll sampling is 1 or -1 

becomes 

e~[u] +e~1 [v] = {i[u,v](l -c.,)'IDID +n[u])+c6 ei +6{u.v]+e[u,v]-p1 }
2 

+ {l[u,v](-1 -c + n[v])+cof11et ;f'.6[~,v] -re[u.v] -p_1 f1
• 

uymm .... · ·•':.'·· 

25 The gain gradient with respect to this,~ling error is found as 

before as 

cJ(e~[U] +e~1[V)) . >.: 
-------. -'1.Vg1 _1[u.v] oi[u,v] . . 
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ace Cul + e [v]) 
=2(e [u] .... e_ [v]) 1 

·•· ""L 
I 1 oA[u,v])< 

= 2e1[uJx[u]lt= 1 +2e_1[v)X[v]~~,i 
again substituting the expected input signal value at sa.Dpling for the actual sample 

5 value in the second factors in each tenn. 
;"·'."<" 

Thus. the error subsequence. develop¢d on the basis of samples 
occurring for the input signal values at sampling beiJl$.1 or -1, has each member 

thereof in a product with the corresponding input si.Pal value to form a product 
sequence that is used to control the gain loop by sub~~ting it to a fractional step 

10 me factor chosen for loop stability. and then time inte~ting the result to provide 
g[u,v] as an unbiased estimate of the gain. This gai#control loop accomplishes 

this result by forcing this product sequence toward zer6 to provide the operating 
· ... 

condition of E{e1[u]x[u1t=i + e.1[v]x[v] .,..1} = O . .As8Ummg that the signal offset 
has been removed by the signal offset loop and genera~ initiaJ values p1 = 1 and 

15 p.1 = -1, this condition using ei and e.1 obtained from the ~uation fore~ + e.: yields 

E{l[l[u,v](l -clSJllllll +n[u])+e[u,v] -:-11 
- l[l[u,v](-1 -cUJIJllll +n[v]) +e[u;v'] + 1]} =O. 

This condition shows the loop forces i[u,v] - 1 as desired. Although not 
20 calculated ~re. the gain· gradient variance is not inc~~ asymptotically due to 

asymmetry in this gain control loop. 

25 

The asymmetry g~nt with . respect to the sampling error 
associated with the expected input signal value at sam~Dng of 1 or -1 is 

a(e12[U] +C~1(V]) u [ ] .•. 
---:---A vC UV ·• aecu.v] l,-J •. ·. 
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Thus, the error subsequence developed on the basis of samples occurring for the 

expected input signal values at sampllilg being 1 or -1 can be used to control the 

asymmetry estimation loop by subjecting it to a fractional step size factor chosen 

for loop stability and then time integrating the result to provide eru. v] as an 

5 estimate of the asymmetry to adjust the effective values ofp1 and p.1• 

This asymmetry estimation Joop accomplishes this result by forcing 

this error to zero to provide the operating condition of E{e1[u] + e.1[v]} = 0. 

Assuming again that the signal offset has been removed by the signal offset Joop 

and generating initial values p1 = 1 and p.1 = -1, this condition yields 

10 EUilu.v](l -caymm +n[u]) +e[u,v] -1] 
+ IA[u.v](- l - cuymm +n[v]) +e[u,v] + 1]} =O. 

This result with the noise having a zero mean value shows that the loop acts to 

force e ... iru,v]cll)'llllll or to c..,_. if the gain control loop forces ~ru,v] - I. 

This arrangement, as can be seen by reviewing the condition 

15 equations for the gain control and asymmetry estimation loops, results in the 

expected sample values for the input signal at the sampling instants being 1 or -1 

becoming 1-e and -1-C rather than being the iDitiaDy generated values of 1 and -1. 

That is. rather than having the initially generated values of p1 = 1 and p.1 = -1, we 

instead effectively have p1 = 1-f and p.1 = -1-e in completing the asymmetry 

20 estimation loop. Thus, implementing the asymmetry loop requires a subtracter in 

the expected sampJe values source to subtract the asymmetry estimate from the 

generated values 1 and -1. A Viterbi detector uses the expected sample values in 

forming branch metrics, and thus needs to have this asymmetry estimate provided 

thereto to achieve optimum detection. 

25 If mstead of combining the asymmetry estimate directly with the 

assumed sample values of 1 and -1 corresponding to the expected input signal 

values at sampling being 1 or - I in completing the asymmetry estimation loop, an 

addition to that loop can provide these expected sample values as 
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p1 =MAXIMUM{l,l-2e} 

and 

P.1 =MINIMUM{-l,-1-2C). 

In the situation in which cuymm > 0, the error expectation equation above for the 

asymmetry loop becomes 

E{[i[u.v](J - c.,)'llUll +n(u))-1] 
+ {i[u,v)(- J - cUJllllll +n[v]) - ( -1 -2e[u,v]) = o 

which yields e - ~[n,v]c..,_ thereby providing mt:µnbiased estimate of the 

asymmetry with an arbitrary gain. The error expectation equation above for the 

gain control loop becomes 

E{ l [l[u,vJ(l -cuymm +n[u]) + -1] 
- l[A[u,v](-1 -cllSJIDlll +n[v]) + (-1 -2e[u,v]]} = 0 

to yield £[k] ... 1 + e or. using the value fore above in tJlls situation. the value for 

the gain estimate becomes i[kJ = 1/( 1-c~. Thus, there will be sufficient gain 

appJied for the obtained samples intended to have a value. of 1 to be at that expected 

20 value therefor. On the other band, the obtained samples::intended to have a value 

of -1 will have a gain applied thereto sufficient to ass\Jre that they are of a value 

more negative than -1 which will have little effect on errQr rate in a Viterbi detector 

designed on the basis of the expected of such samples bC~ -1. The corresponding 

feedback loops do not introduce amplitude modulation, ~d miDimi7.e the variance 

25 of the estimates to just that arising from noise wifu9ut a contribution from 

asymmetry. 

In the alternative situation. c.,_ < o,:and the error expectation 

equation· above for the asymmetry loop becomes 
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E{[i[u,v](l-cuymm +n[u])-(1-2.~(11,v]] 
+[i[u,v](-1 -cUJllUll +n(v})-1) ;;(); 

to again yield e ... ![k]c..,_. The error expectation eq1J8tion above for the gain 

5 control loop becomes 

JO 

E{l(![u,v](l -cuymm +n[u))+ -(l -2~(u,v])] 
- l[![u,v](-1 -cuymm +n[v])- 1} :::fl' 

to yield J(k] - 1 - e or. using the value for e above in-this situation, the value for 
. ~':. ;:·:. i 

the gain estimate becomes Ilk)= l/(l+c..,_). The s~ beneficial results arc 

found in this· asymmetry situation as were found in the .previous situation. 

Thus. the minimum of the absolute value of, the means of the sample 

value of samples occurring for corresponding input sigt1ill Values at sampling of 1 

or -1 is known because those values have been predetermilied to be one. A Viterbi 

detector to which these samples are provided can tho$ achieve near optimal 

15 performance by relying on the absolute values of the. ~an sample values being 

one. in forming the branch metrics therein, without the. need for obtaining an 

asymmetry estimate from the asymmetry feedback loop.: This is so since greater 

absolute values for either of the actual sample means for ~Jes intended to have 

values of 1 or • 1 does not affect the detector error rate vecy significantly. Forcing 

20 the gain to be grinhnally enough for the mean value of S8lDPJes intended to have 

the value of 1 or for the mean value of samples intended U>: have the value of -1 to 

reach that~ with only the other reaching beyond its ce>~sponding one of these 

values, not only allows the Viterbi detector to use both 1-~d -1 in forming branch 
. .~;· 

metrics without undue error but also keeps the ma,gninlde1·ange between sample 
:·, .· 

25 extremes sufficiently small for the analog-to-digital converter used after sampler 

17 ahead of the detector. 

Figure 2 shows a mixed block and logic ~ of the data retrieval 

portion of a magnetic media digital data storage system Wi~.tbese above described 
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improved data read channel characteristics control loops implemented in a selected 

manner therein for a channel exhibiting asymmetry in affecting the magnitudes of 

the input sigDal. Ponions of the syStem shown in Figure 2 correspond to the system 

shown in the block diagram of Figure 1, and tho~ portions retain the same 

S numerical designations in Figure 2 as were used for them in Figure 1. Thus, the 

digital data retrieval or read channel portion from FJ.gUre 1 beginning at magnetic 

media disc l 0 and continuing through sampler 17 is again present in the system of 

Figure 2. In addition. the samples magnitude range classifier providing the basis 

for determining whether a received sample was intended to have a value of 1,0 or 

10 -1. formed by comparators 20, 21, threshold value source 22 and NOR gate 27. is 

again used. 

Also present again in the system of rigtµ"e 2 is the error detenniner 

arrangement involving expected sample value source 23 (modified here as will be 

· described below and therefore now designated 23'), switches 25, 26 and 28, and 

15 subtractor 24 at the output of which the sample error sequence is provided. Step 

.size factor applying block 29 and time integrator 30 for the signal offset loop are 

again present as are step size factor applying block 34 and time integrator 36 for the 

gain control loop. In addition, the intended sample value multiplier involving 

switches 31, 32 and 33 along with Bnaiog invener 35 is again used. 

20 A logic inverter. 40. is added at the output of NOR gate 27 to 

provide an inverted signal that bas a "l" logical value whenever the output of gate 

27 is a "O" logical value, and vice versa. Thus. the output signaJ oflogical inverter 

40 bas a '"1" logical value whenever a received sample has been detennined by the 

range clasmier to have been intende~ to have other than a z.ero value. This output 

25 signal from logical mverter 40 is used to close a swi~ch, 41. which thus provides 

a zero value generated by the expected sample value $0\ll"ce 23' to fractional step 

sir.e factor applying block 29 whene\rer received sami)Ies have been detennined by 

the range classifier to have been intended to have val~s.of 1 or -1 while a further 
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switch. 42. is kept, open by a logical value of ''O" in ~.output signal of gate 27. 

Switch 41 is op~ by a logical ''O" value in the ou~~tsignal oflogicaJ invener 

40 whenever a r~ived sample is determined to ~~~;~ jntended value of zero. 

In·~ Jast circumstance, the output ~·~f NOR gate 27 switches 

5 to a logical value pf ''l 11 which is used to close swit¢b 4~;to ~ow that sample value 
····.··: 

to reach fractiQn,µ step size factor applying bloc~ 29. In this manner, a 

subsequence of tb,e error sequence provided at ~. output of subtractor 24 is 

provided to block 29. Thus. as indicated above, tile .feedback control loop for 

controWng signa] ·offset is now operated by errors 4e~finined in subtractor 40 for 

10 only received s~ples which are determined by tbe:.iaiige classifier to have an 
. . 

intended value of:#o in accord with the offset contrc;fioop description above for 

providing such a.iti~p free of bias due to asymmetry ~;the read signal received by 

sampJer 17. 

TJte" product sequence having its members formed by the em>rs in 

15 the error segu~ :provided by subtractor 24, as ~f!ectively multipled by the 

intended value• of~ corresponding sample as dete. by the range classifier, 

is supplied ftom the alternative outputs of switches 31, 37. and 33 to a gain gradient 

operation bloc~ 43. · In addition, the zero expected sample value is provided by 

source 23' to gaill,:gradient operation block 43. as is· t!re output signal of logical 

20 inverter 40 that; :aS describe above. takes on a logica(Wlue of "1" whenever the . ····.··· ... ,.... .· . "''. .. ·=·:···· 

intended values Qf the received samples are found by the range classifier to be I or 

-1. 

Ftutber:. the system clock provided by Signa:J processing block 14 to .. . ..... . 

initiate the acquisiti()n of the taking 9f each sample :m :s~p1er 17 is also provided 
.. . ····. :·::-. 

25 to the clock input of a D-type. edge-triggered tliP:.flQP~ #. The negated output of 

flip-flop 44 is c9µnected in a feedb~k :configuratjg~''iktbe input thereof so that 

flip-flop 44 prdvides at each of its QUtputs a cl~~ ~g~ail at ha1f the frequency of 

the system clock signal with these two flip-flop ou,tp~~;~nals alternating between 
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logical "l" and "O" values but each having either stich.value when the other has the 

opposite value. Thus. the two output signals. of tlip'.:flop 44 are such that one 

provides logical value "l" puJses for the even ind~xed. -~pies provided by sampler 

17 while the other output provides logical value "l" pulses for the odd indexed 

5 samples provided by sampler 17. This even clo«;k sig@and this odd clock signal 

are both provided to gain gradient operation bl9ck 4~. 
An implementation of gain gradient operation block 43 is shown in 

the mixed logic and block diagram set out in Figure 3. The odd clock signal. 44', 

from flip-flop 44 is provided at the second from the•b(>ttom input terminal on the 

10 left in Figure 3 to the input of an AND logic ga~. SO. Similarly. the even clock 

signal. 44". from flip-flop 44 is provided at the upper input termiDal on the left in 

Figure 3 to the input of a further AND logic gate, st., -Each of the other inputs of 

AND logic gates SO and S 1 are connected to the second .input terminal from the top 

on the left in Figure 3 which receives the output sign~f of logical inverter 40. 

15 As a result. the output of AND logic gafe.050 is a logical value of "O" 

unless the odd clock signal has a logical value of ''f" and there has also been 
. . . ~-: 

received a sample for which the intended value has.~n determined by the range 

classifier to equal 1 or -1. In this last circumstance, the output value of logic gate 

SO switches to a "1" logic value. Similarly, the outpuioflogic gate St has a logic 

20 value of "O" ~ the e~n clock signal has a "l" logical value and a received . ·. ·~ 

sample bas been found to have an intended logic vaj.~e o~either 1 or -1. In this Jast 

circumstance, too, the output valueoflogicgateSl~~ to a logic value of"l". 

The output oflogic gate 50 is cont'l~~ to the clocking input of a 

sample-and-hold circuit, 52, and the output of lpgiJ'°&i!.te 51 is connected to the 

25 clocking input of a further sample-and-hold ciroui~ s~.' The signal inputs of both 
..... · 

sample-and-hold circuits 52 and 53 are connected .~<>.:receive the expected sample 
·. ·· .... 

value and error product subsequence sigoal provi~~·at the outputs of switches 31. 

32 and 33 which signal is also provided to an anBtd~::sufumer, 54. Thus, the value 
·.· . . . : . . '·. ~ . 
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of a product in the sequence thereof of an effective ~tended sample value and 

corresponding error from any of switches 31. 32 and :3~ for a currently received 

sample is provided to summer 54 to be added to whatever is provided also to that 

summer from a swi~h. 55, with ~· resulting sum then being sent on to fractional 

5 step me of factor applying block 34. 

SWitch 55 is switched to receive stored pn>duct values from sample­

and-hold circuit 52 by the same "1" logic value at the o1itput of AND gate 50 that 

directs sample-~d'."hold circuit 52 to store a product value. Similarly, switch 55 

is switched to rec;eiye stored product values from sample-and-hold circuit 53 by 

1 O the same "1" logic va1µe at the output of AND gate S 1 that directs sample-and-bold 

circuit 53 to state. a: product value. However, the product values provided for 

currently received saJllples are only $0lectively stored in sample-and-hold circuits 

52 and 53. and switch 55 is similarly only selectively ~ted to the outputs of 

these circuits. OnJ.y those product values are stored in sai:nple-and-hold circuit 52 

1 S for received sampJes which occur wben:the odd clock has a: logical value of "l " and 

which are determined ·to be samples that were intended tQ have a value of either 1 

or -1. Similarly. the product values· corresponding to the others of such samples 

found to have those intended values and which occur when the even clock has a 

logical value of "l 11 are stored in sample-and-hold circuit .53. 

20 Th~ output of switch 55 is always coJ1neCted to the middle input 

terminal of that sw:ltch to receive ~ estimated sample value of r.ero supplied 
. ':·'' 

thereto from the middle operation block input terminal on the left from expected 
. . . 

sample value source 23', unless d~d to be connect~~iho one of the other two 

switch input termina1s. Because ~tcb' SS is contro~d)by the output signals of 

25 logic gates SO and 51, switch SS~ •. Stored value tni~one of sample-and-bold 

circuits 52 and 53 at only those tiule~hie-_next signal is to'.:-be stored m that sample­

and-hold circuit as determined by its'~rresponding AN[) logic gate . 
. ·... :;· :··· 
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As indicated above, a class 4 ~ ¢$ponse digital data retrieval 

channel can have the sequence of sample valQes thr~from considered to be an 

interleaving of the subsequence of even index smm>leS,~th the subsequence of odd 

index samples that, when combined together, fo~· the full sequence of data 
-::.=.:: 

5 samples. That is, each of these interleave segue~ considered alone forms a 

dicode digital data retrieval channel, and the _··.*8,m~~ contained in each of the 

dicode channels that have expected values of eithet,f _or -1 alternate in algebraic 

sign in the corresponding subsequence. S~ eacili;' current nonzero expected 

sample value and error product value associated with the even clock is added in 

10 summer 54 to the previously stored nonzero expeJ~ sample value and error 
·;··. 

product value associated with the even clock w~:~volves an expected value 

sample of opposite algebraic sign, a two-point moving. ~verage of summed pairs of 

such product values is provided associated with ~,·~en clock. A similar two­

point moving average of summed pairs of such p~duct values is provided 

15 asoociated with the odd clock. Thus. the output of su~er 54 is an interleaving of 

these even and odd clock associated two-point mo~ averages. 

As a result, the noise in all of the ~r 54 output sequence 
.. ·., . . 

summed pair members is eft'ectively averaged over l;\V~ product values to reduce 
._,..., 

the variance of the summer output sequence due to noise by a half. Furthermore, 
,'·'"·.· 

20 the addition of the two consecutive product val~es #l~~Jving samples of opposite 

algebraic sign results in tending to cancel the as~tiY reflected in those sample 

values, and in a pattern independent manner. This re4~bes the variance in the gain 

gradient estimate due to UjlDDletry, and so in.the g~'control loop. 

The asymmetry estimate contro~:-1oop''~ a further addition in the 

25 system of Figure 2 to that which was shown in ibe's}ist~ of Figure 1. A switch, 
~ . ·. . .. 

60, to control the transmission of.the sample eriofis C9nnected to the output of 

subtractor 24. A ftather switch. 61, to control ~i0n of the expected sample 
. · ... 

value zero is connected to expected, sample value :soriJ'C:e 23'. Both of switches 60 
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and 61 are also-connected to a fractional step size factor applying box, 62, which 
.· .·.·.· 

in tum provides :its output to a time integrator. or anatOg summer. 63. Switch 60 
. ,, 

is controlled by ,the output signal oflogical inverter 4() so that it is closed only 

when samples currently received have been dete~d_by the range classifier to 

5 have an intended value of l or -1. Switch 61 is contro~d ·by the signal provided 

at the output of NOR logic gate 27 and so is closed onl):':When the current sample 
.. · 

is determined. to have been intended to have a value of zero. Thus, only those 

sample e1Tors cprresponding to received samples that haYe been determined to be 

intended to have a Value of 1 or -1 are used to form a su~uence of error values 
-·.:·· 

10 that contribute ·to, the estimate of asyJDmetry provided by~ feedback loop. These 

errors. after havitlg the step size fraction applied theretp in block 62, are provided 

to· integrator 63 ~ l'eSUlt of which is supplied to expected sample value source 23'. 

Expected sample value source : 23 in Figure 2 merely 

gCDerated the expected samp1e values of 1,0 and -1 expected for the channel input 

15 signal at the samp]#ig instants. Those values are still g~~~d in expected sample 

value source 23i·intbe system of Figure 2, and the value-~ is used directly in the 

system of Figure 2 as described above. However, a ftu,iiier subsystem is added in 

source 23' in co1'1t'ction with the generation of the ex~ted values for the input 

signal to the Channel at the sampling instants When they are expected to be 1 and 

20 -1. This additional subsystem is shOwn in Figure 4 w~ the generated value of 

1 m applied to the :upper input tennillaJ, 64, on the 1e~f The generated value of -1 

is applied to the lower input terminal,.-65, on the left in that figure. The output of 

integrator 63 is the asymmetry estilnate e which 'is sup~Jied to the middle input 

temlinal on the left in Figure 4 which .is thereafter multiplled by -2 in an amplifying 

25 analog inverter, 66. . .. _ .. 

'lbe output of invertef:66 is appliecho inpUts of a pair of summers, . . .·.·· . 

67 and 68. Summer 67 receives -2i :from the outj>u(of invener 66 and the value 

-1 from input tem1ina165 to fonn the-~~tion -l-2,C:'at the output thereof which 
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is supplied to a comparator, 69, at the inverting inp~t thereof. The value -1 from 

terminal 65 is a.Iso applied to the non-inverting input,of comparator 69. 

The value 1 is supplied from input 64: to another input of summer 

68 and combined with the output of invener 66 to provide the value 1-le at the 

S output thereo[ This value is supplied to the iJiverting input of a further 

comparator, 70. The value 1 is supplied from input terminal 64 also to the non­

inverting input of comparator 70. 

In addition, the value of -1 from tennlnll 65 is further provided to 

an input of a multiplexer, 71. The output of summer 67. -1-2e. is also provided to 

10 another input ofmultiplexer 71. Further. the output ofcomparator 69 is provided 

to the selector :hlJ>Ut of multiplexer 71 to determine which of the two signal inputs 

will be conne.cted to the output thereof. Thus. if -1 exceeds -l-2e. comparator 69 

will cause muhip:lexer 71 to select the input allowing -:1-U to appear at the output 

thereof. If, on the other hand, -1-2e exceeds the value of-1, comparator 69 will 

15 cause selector n to select the input allowing -1 to appear at the output thereof. 

··A similar mangement is provided in:'connection with summer 68 

and comparator 70. 1be value 1 from terminal 64;is additionally applied to an 

input of a ~r multiplexer, 72. and the output ·of summer 68 is additionally 

provided to the other input of that multiplexer. comparator 70 bas the output 

20 thereof~ to the selector input of multiplexer72 to determine which of the 

two signal inputs· will, be connected to the output thereof. Hence. should the value 

1 exceed the value :of 1-U. comparator 70 wm ca~ selector 72 to connect the 

input thereof to the output allowing 1 to appear at ~~ output. On the other hand. 

should 1-2e exceed the value 1, comparator 70 will catise selector 72 to connect the 

25 input thereof,to its output which allows the value !'de to appear at the output. 

These results are in accord with the eqUations above for p1 and p.1 

set out in connection with the second asymmetry ~tinJating loop described there. 

This loop uses a selection system to select betwee~·the values 1 and 1-2e. and 
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~n the values -1 and -1-2e. as described in co~~ with those equations. 
Although the present invention has been described with reference 

to preferred embodiments, workers skilled in the art:wili recogni7.e that changes 
may be made in form and detail without departing from the spirit and soope of the 

5 invention. 
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CLAIM(S): 

1. A signal conditioning system for ct) .. trolling characteristics of an 
'· <:O'' 

analog signal .obtain~ from magnetically stored. d.ta through a data retrieval 

channel asymmetrically affecting magnitudes of sa@° analog signal, said system 

comprising: 
·: ·., 

an analog link having an input crlupled to said data retrieval 

channel and a output, said ~ comprising a variable gain 

amplifier. having a signal mpuf and an output and having a 

control input for controlling magnitudes of signaJs provided 

at said output thereof which are representative of sigoals 
·:-... :. 

occWTing at said input tbereQf, and an analog combiner. 

having an output and having:'both a signal input and a 

compensation input such ~(signals occurring on said 

output 0thereof are representative,:of sigoaJs occurring on said 

inputs -thereof combined, ~·:variable gain amplifier and 

analog combiner having saicl) signal inputs and outputs 

thereof coupled in series with: said analog link input and 

output; 

a sampler having an input coupled to. slid analog link output and an 

. outpUt. said sampler sampliug_.si~als occurring at said input 

thereof at corresponding smnPling mstants to provide a 

sequence of samples represenf.atj~ of said signals occurring. 

at said input thereof; 

an expected sample value source'ba~ a plurality of outputs at 

each of which an ex~d'.: value signal is provided 

representative of a magnituae.'.vaiue said analog signal is 
' :·;: .,·, 

expected to have at J.east at 8()~ of said sampling instants 

to thereby form a plutalitf of~#' expected value signals; 

/ 
) 

/. 
}' 

!· 
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an error determiner having a sample input coupled to said sampler 

output and a value input coupJ.e.d'tO said expected sample 

value source pJurality of outputsJor determjning differences 
. '"• •"(" 

between said samples and· c()rresponding ones of said 
. .·.··. ·. 

plurality of expected value .s~. as a sequence of error 

values; 

8*1.error segregator having an input coupled to said error determiner 

output and a plurality of outputs•jncluding a compensation 

output and a CQntrol output; saict~rror segregator forming 

subsequences of said error sequ~ with at least one said 

subsequence of errors corresponding to those said samples 

in said sequence thereof which rep"'8ent magnitudes of said 

analog signal substantially ullaffected by said asymmetry 

provided at said compensation output thereof and with at 

least one other said subsequence .of.errors corresponding to 

those said samples in said sequence thereof which represent 

magnitudes of said analog s~_S1Jbstantially affected by 

said asymmetry provided at said ~trol output thereof; 

a compensation combiner having an inplit coupled to said error 

segregator compensation output:~ an output coupled to 

said analog combiner compeDsation input, said 

compensation combiner proWlin~ a-:~ombination of at least 

some of said una1fected subsequenc:eiof errors at said output 

thereof; and ·• \ . 
a control combiner having an input coupJC~;tp said error segregator 

control output and an output co~~Jed to said variable gain 

amplifier control input. said conircil: .combiner providing a 
.· .. ::,-. 

:< ..... ·. 
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combination of at least ~me '6f said affected subsequence 

of errors at said output thefe()~.··. · 

1be apparatus of cJaim 1 wbereh1 said ~r segregator provides two 

subsequence oferror8 each corresponding to those. '1d. ~amples in said sequence 

thereof which represent a corresponding ma~e of said analog signaJ 

substantially affected by said asymmetry and con:ibhle$ selected versions of those 

errors in each affected subsequence of errors prior to providing them at said 

controloutputtbereot 

3. 1be apparatuS of claim 1 wherein sald expected sample value source 

has an input to receive signals to be used in providjilg at least at one of said 

plurality of outputs thereof an expected value signal representative of a magnitude 

value said analog signal is expected to have at ~~ '~t some of said sampling 

instants. and further comprising an asymmetry com'blli~r having an input coupled 

to said error segregator control output and an outpufcoupled to said expected 

sample value source input which provides a coinbiruition of at least some of said 

errors in said affected subsequence of errors at said ol.ltput thereof. 

4. 'lbe apparatus of claim 3 w:berein said ~ted sample value source 

combines values received at said input thereof with Yaiues available therein to 

provide a combined signal as said expected value signal. 
S. The apparatus of c1aim 3 wherein said exi>ected sample value source 

combines values received at said input thereof with yames avaiJable therein to 

provide a combined signal and provides as said 'ex~ value signal a selected 

one of said combined signal and other values available'. therein which is selected 

based on a relative magnitude relationship therebetweeJi. 


