REGULARIZED PARAMETER ADAPTATION

SUMMARY

[0001] In certain embodiments, an apparatus may include a circuit configured to
process at least one input signal using a set of channel parameters. The circuit may
adapt, using a regularized adaptation algorithm, a first set of channel parameters for use
by the circuit as the set of channel parameters in processing the at least one input signal,
the regularized adaptation algorithm penalizing deviations by the first set of channel
parameters from a corresponding predetermined second set of channel parameters. The
circuit may then perform the processing of the at least one input signal using the first set

of channel parameters as the set of channel parameters.

[0002] In certain embodiments, a system may include a channel circuit configured to
process at least one input signal using a set of channel parameters and an adaptation
circuit configured to adapt, using a regularized adaptation algorithm, a first set of channel
parameters for use by the channel circuit as the set of channel parameters in processing
the at least one input signal, the regularized adaptation algorithm penalizing deviations by
the first set of channel parameters from a predetermined corresponding second set of

channel parameters.

[0003] In certain embodiments, a method may include adapting, by a circuit
configured to process at least one input signal using a set of channel parameters and using
a regularized adaptation algorithm, a first set of channel parameters for use by the circuit
as the set of channel parameters in processing the at least one input signal, the regularized
adaptation algorithm penalizing deviations by the first set of channel parameters from a
corresponding predetermined second set of channel parameters. Additionally, the
method may include performing the processing of the at least one input signal using the

first set of channel parameters as the set of channel parameters.



BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a block diagram of a communication channel which includes
regularized parameter adaptation, in accordance with certain embodiments of the present

disclosure;

[0005] FIG. 2 is a block diagram of a portion of a communication channel which
includes regularized parameter adaptation, in accordance with certain embodiments of the

present disclosure;

[0006] FIG. 3 is a flowchart of a method of regularized parameter adaptation, in

accordance with certain embodiments of the present disclosure;

[0007] FIG. 4 is a flowchart of a method of regularized parameter adaptation, in

accordance with certain embodiments of the present disclosure;

[0008] FIG. 5 is a block diagram of a system including regularized parameter

adaptation, in accordance with certain embodiments of the present disclosure.

DETAILED DESCRIPTION

[0009] In the following detailed description of the embodiments, reference is made to
the accompanying drawings which form a part hereof, and in which are shown by way of
illustrations. It is to be understood that features of the various described embodiments
may be combined, other embodiments may be utilized, and structural changes may be
made without departing from the scope of the present disclosure. It is also to be
understood that features of the various embodiments and examples herein can be
combined, exchanged, or removed without departing from the scope of the present

disclosure.

[0010] In accordance with various embodiments, the methods and functions
described herein may be implemented as one or more software programs running on a
computer processor or controller. In accordance with another embodiment, the methods

and functions described herein may be implemented as one or more software programs
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running on a computing device, such as a personal computer that is using a disc drive.
Dedicated hardware implementations including, but not limited to, application specific
integrated circuits, programmable logic arrays, and other hardware devices can likewise
be constructed to implement the methods and functions described herein. Further, the
methods described herein may be implemented as a computer readable storage medium
or device including instructions that when executed cause a processor to perform the

methods.

[0011] The present disclosure generally may relate to regularized parameter
adaptation, and in some embodiments, the present disclosure may relate to regularized
parameter adaptation of parameters of a multi-input single-output (MISO) equalizer in a

multiple read head system.

[0012] Some systems, such as electrical, electronic, motor drive, processing, or other
systems may receive a signal of interest and process that signal based on parameters.
For example, a read channel of a communication system or a magnetic recording storage
system may utilize adaptive parameters to process at least one input signal. In some
multi-reader or multi-receiver systems, a detector may generate a data sequence based on
an equalized sample sequence produced by a MISO equalizer that receives a plurality of
digitized sample sequences corresponding to respective read heads. An adaptation
component may include various adaptive functions or algorithms for adapting the
parameters of the MISO equalizer. For example, the adaptive parameters may be
coefficients or taps of a plurality of finite impulse response filters (FIRs) within the
MISO equalizer. For example, in some embodiments, a MISO equalizer may produce
an equalized sample sequence based on parameters that were adapted using a regularized
adaptation algorithm. In some examples, a regularized adaptation algorithm may utilize
or may be based on a cost function that may penalize or dampen deviation from a known

set of parameter values (e.g. predetermined tap values).

[0013] An example of such a system is discussed below with regard to FIG. 1.



[0014] Referring to FIG. 1, a block diagram of a communication channel which
includes regularized parameter adaptation is shown and is generally designated 100.
More particularly, FIG. 1 may illustrate an example embodiment of a read channel of a
multi-reader magnetic storage system that includes regularized parameter adaptation.
System 100 may include two read heads, read head 102 and read head 104, which may be
reading from a track 106 on a surface 108 of a magnetic storage medium. Read heads
102 and 104 may be coupled to respective front-end-processing circuits 110 and 112 (e.g.
illustrated as the inputs to 110 and 112). The front-end-processing circuits 110 and 112
may be coupled to a MISO equalizer 114. The MISO equalizer 114 may be coupled to a
detector 118. The detector 118 may be coupled to an adaptation component 116 and an
output (e.g. an output from the communication channel 100 or an output to a decoder (not
shown)). The adaptation component 116 may be connected to the MISO equalizer 114.
The adaptation component 116 may also include a memory for storing regularization data

120 or access regularization data 120 stored in a separate memory (not shown).

[0015] Each of the read heads 102 and 104, the front-end-processing circuits 110 and
112, the MISO equalizer 114, the detector 118, and the adaptation component 116 may
be a separate circuit, a system on chip (SOC), firmware, a processor(s), or other system

not listed, or any combination thereof.

[0016] As mentioned above, the read heads 102 and 104 may read from a track 106
on a surface 108 of a magnetic storage medium. The read heads 102 and 104 may each
produce a continuous time input signal x;(t) 122 and x»(t) 124 and may provide the
continuous time input signals x;(t) 122 and x,(t) 124 to front-end-processing circuits 110

and 112 respectively.

[0017] The front-end-processing circuit 110 may apply gain, filtering, sampling and a
delay functions to the continuous time input signal x;(t) 122 to produce a sequence of
digitized samples x; 126. In some embodiments, the front-end-processing circuits may
include various components such as analog front-ends (AFEs) and analog-to-digital
converters (ADCs). Similarly, the front-end-processing circuit 112 may apply gain,

filtering, sampling and a delay functions to the continuous time input signal x»(t) 124 to
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produce a sequence of digitized samples x, 128. For example, after applying gain and
filter functions to the continuous time input signals (e.g. by a variable gain amplifier and
an analog-based filter), the front-end-processing circuits 110 and 112 may sample the
respective continuous-time signals at regular intervals and may quantize the respective
signals to produce the respective digitized sequences of samples x; 126 and x, 128. The
front-end-processing circuits 110 and 112 may then apply a delay to one or both of x; 126
and x, 128 to synchronize the read positions of read head 102 and read head 104 (e.g. to
compensate for down track separation of read heads 102 and 104 (shown as vertical
separation in the view of FIG. 1)). The front-end-processing circuits 110 and 112 may

then output x; 126 and x, 128 to the MISO equalizer 114.

[0018] The MISO equalizer 114 may receive the digitized sequences of samples x;

126 and x; 128 and parameters p 132 and generate an equalized sample sequence y 130.

[0019] The MISO equalizer 114 can be a filter. In general, MISO equalizers may
combine a plurality of input signals to produce a single output signal which may be
provided to a processor, channel, buffer, other circuit, or any combination thereof. For
example, a MISO equalizer may be an N input (e.g. where N may be a number of read
heads) adaptive equalizer including N finite impulse response filters having L taps. In
some examples, the L taps may be weighting factors (e.g. spectral weighting) that may be
applied to the different inputs. However, implementations are not so limited. In other
implementations, the MISO equalizer may perform a simple or weighted average. As
discussed in more detail below, the taps or parameters p 132 of the MISO equalizer 114

may be adapted by and received from the adaptation component 116.

[0020] The detector 118 may operate to determine (or estimate) a data sequence b
134 of bit values corresponding to the signals x;(t) 122 and x,(t) 124 based on the
equalized sample sequence y 130. In some embodiments, the data sequence b 134 may
be representative of the probability that each bit is a zero or one. The values 134 may
be represented as logs of the ratios of these probabilities and may be referred to as log
likelihood ratios or LLRs. The detector 118 may act to generate the LLRs values based

on knowledge of a channel response (e.g. the expected channel output for each possible
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written/transmitted data pattern). In some examples, the detector 118 may employ a
Soft-Output Viterbi Algorithm (SOVA). In addition, the detector 118 may be an
iterative decoding unit and include a decoder in addition to a detector (e.g. a SOVA
detector and a low-density parity-check (LDPC) decoder).  Alternatively or in addition,
the detector 118 may operate to determine (or estimate) the data sequence b 134 of bit

values as decisions as to whether each bit is a zero or one.

[0021] The adaptation component 116 may operate to receive the equalized sample
sequence y 130, the data sequence b 134 or known write data t 136, and adapt the
parameters p 132 of the MISO equalizer 114.

[0022] The taps or parameters p 132 of the MISO equalizer 114 may be adapted
based on regularized versions of adaptation algorithms, such as regularized least mean
squares (LMS) algorithms, regularized Minimum Bit-Error Rate (MBER) algorithms, or
regularized recursive least-squares (RLS) algorithms. In some examples, a MISO
equalizer of a multi-read head hard disc drive read channel may utilize a regularized
adaptation algorithm that may penalize or dampen deviation from previously determined
on-track read parameters which may be stored as regularization data 120. For example,
the adaptation component 116 may adapt parameters p 132 of the MISO equalizer 114
using LMS or other adaptive algorithms to minimize regularized versions of the mean

squared error, bit error rate or other adaptive criteria.

[0023] The regularization data 120 may be generated during manufacturing or during
a training process in the field. In the case of a hard disc drive or other devices whose
parameters vary across the medium, the regularization data 120 may be generated for
each storage unit (e.g. sectors, pages, etc.) or for larger regions or zones that may
corresponding to groups of tracks (which is the case in the example discussed below).
During generation of the regularization data, parameter sets may be generated (e.g.
adapted) using known write data and, for example, samples from read signals during a
on-track read. The generated parameter sets may then be stored for use as regularization

parameters during normal operation.



[0024] Additional details of an example regularized adaptation process are provided

below with regard to FIG. 2.

[0025] In the examples discussed herein, the parameters that are adapted are the
parameters of the MISO equalizer. While the discussion herein utilizes parameters of a
MISO equalizer of a read channel as examples, the disclosed techniques and systems may
apply to other circuits or parameters. Many variations would be apparent to one of

ordinary skill in the art in view of this disclosure.

[0026] Referring to FIG. 2, a block diagram of a portion of a communication channel
which includes regularized parameter adaptation is shown and is generally designated
200. More particularly, FIG. 2 illustrates a more detailed example embodiment of the
MISO equalizer 114 and adaptation component 116 of the multi-reader magnetic storage

system 100 illustrated in FIG. 1.

[0027] As mentioned above, system 200 may include the MISO equalizer 114 and
adaptation component 116. The MISO equalizer 114 may include two finite impulse
response (FIR) filters, FIR 1 202 and FIR 2 204, that each may be coupled to an adder
212. The adder 212 may be coupled to an adder 210 of the adaptation component 116
and to an output (e.g. to a detector or decoder that is not shown). The adder 210 may be
coupled to an adapter 208 which may be coupled the FIR 1 202 and the FIR 2 204 of the
MISO equalizer 114 and to a target 206 of the adaptation component 116. The target
206 may be coupled to the adder 210. The adapter 208 may also include a memory for
storing regularization data 120 or access regularization data 120 stored in a separate
memory (not shown). Each of FIR 1 202, FIR 2 204, adders 210 and 212, target 206
and adapter 208 may be a separate circuit, a system on chip (SOC), firmware, a

processor(s), or other system not listed, or any combination thereof.

[0028] In operation, FIR 1 202 and FIR 2 204 may receive the respective digitized
sequences of samples x; 214 and x, 216 (e.g. which may correspond to digitized
sequences of samples x; 126 and x, 128) from respective ADCs and parameters h; 218

and h, 218 from the adapter 208. Using parameters h; 218 and h, 218 (e.g. as tap



weights or coefficients), FIR 1 202 and FIR 2 204 may perform filter functions on the
respective digitized sequences of samples x; 214 and x, 216 to produce respective
intermediate equalized sequences of samples y; 222 and y, 224. The adder 212 may
receive and combine (e.g. sum) the intermediate equalized sequences of samples y; 222

and y, 224 to produce an equalized sequences of samples y 226.

[0029] The target 206 may receive parameters t 228 from the adapter 208 and
decision data b 230 (or known write data). Based on t228 and b 230, the target 206 may
generate a target equalized sequence of samples y; 232, for example, by performing a

target response filter function.

[0030] The adder 210 may receive the equalized sequences of samples y 226 and the
target equalized sequences of samples y; 232. The adder 210 may determine the error e

234 as the difference between y 226 and y; 232 (e.g. by subtracting y; 232 from y 226).

[0031] The adapter 208 may receive the error e 234. The adapter 208 may adapt the
parameters h; 218 and h, 220 using a regularized adaptation algorithm based on the error
234 and the regularization data 120. Depending on the implementation, the adapter 208
may adapt parameters t 228 using a regularized or standard adaptation algorithm. For
example, during normal operation, the adaptation of parameters t 228 may be halted. In
such cases, regularization of the adaptation of parameters t 228 may provide no benefit
over standard adaptation. Details are provided below of an example regularized
adaptation algorithm and example modifications that may be used to regularize the

adaptation algorithm.

[0032] In some examples, the parameters of the FIR filters FIR 1 202 and FIR 2 204
may be adapted using a regularized minimum mean squared error (MMSE) cost function,
and, in particular examples, using a regularized least means squares (LMS) stochastic
gradient descent adaptation algorithm. Standard LMS adaptation in MISO equalizers
may be ill-conditioned during periods when the FIR inputs are similar (e.g. when the read
signals are of similar or equal quality). This may result in the error surface of error 234

being flat or having shallow slope. This may in turn result in the parameters or
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coefficients wandering randomly in response to minor differences in the similar inputs.
Once the parameters or coefficients of the MISO equalizer have wandered, performance
loss may arise when the inputs diverge, for example, from an off-track read. In
particular, for an off-track read, this wandering or ill-conditioning may provide a random
initialization to the parameters or coefficients, which may be far away from the correct
weights.  As such, performance may be lost due to an increased transient time to return

to well-conditioned parameters or coefficients.

[0033] In some embodiments, using a regularized minimum mean squared error
(MMSE) cost function, and, in particular, using the least means squares (LMS) stochastic
gradient descent adaptation algorithm, may avoid the wandering discussed above. As
mentioned above, regularizing an adaptation algorithm may include adding a penalty for
or dampening of deviation from previously determined on-track read parameters to the

cost function or adaptation algorithm.

[0034] In a standard MMSE adaptation, the cost function being minimized may be:

J(E, h_l,h_g) =F [62}
E[(y— )]
{(m1®h1+x2®h2—b®t) ]

[0035] A regularized MMSE cost function may penalize parameter or weight
deviations from pre-determined values, his, and hy.e. ~As mentioned above, the
predetermined values h; e, and h, ., may be loaded from the regularization data 120 and
may, for example, be parameters whose adaptation converged during an on-track read of

the zone or area associated with the current track or sector.



[0036] An example regularized MMSE cost function may be written as:

TE I H) = B [ 4 X (3 (= b1 reg)? + 3 (ha = e ?) |

where A is a regularization parameter that may determine a relative weight of the
regularization terms of the cost function. In other words, the greater A is set, the more

penalty is applied for deviations from the predetermined values, hj rg and hy re.

[0037] Based on the above example regularized MMSE cost function, the standard
LMS coefficient update equation (which may use an approximate gradient of J with

respect to the coefficient):

hii = hii — pa j—i * €;
hoi — hoy — pte j—i * €

may be modified to be:

hii = hii — pwrj—ixej — Ahii — Mrega)
hoi— hoi— pxe j—i*e; — A hai —haregi)

where 1 may be the coefficient index, and j may be the time index.

[0038] As mentioned above, in a multi-reader HDD system, a good choice for the
regularized coefficients, hj s, and hy s of @ MISO equalizer may be the on-track adapted
parameters. In this case, the regularization may prevent the parameters from wandering

too far from an on-track optimum.

[0039] In the examples discussed herein, the parameters that are adapted may be the
parameters of the MISO equalizer. While the discussion herein utilizes parameters of a
MISO equalizer of a read channel as examples, the disclosed techniques and systems may
apply to other circuits or parameters and different modified cost functions or modified

adaptation algorithms from those discussed above may be used. For example, in a
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system that includes target adaptation in normal operation, the regularized MMSE cost

function and regularized LMS algorithm may both include terms for t 228 and b 230.

[0040] Many other variations would be apparent to one of ordinary skill in the art in
view of this disclosure. For example, another use of regularization may be to implement
a soft saturation. For example, in some implementations of minimum BER (MBER)
adaptation, a hard saturation constraint may be used to restrain the MBER parameters
from moving too far from the least squares (LS) parameters. Such wandering may
cause fixed point saturation and degrade performance. Hard saturation may prevent the
adaptation from moving the coefficient beyond a certain point. For example, if a
coefficient is to be saturated to a value of +7, the system may prevent the adaptation of
the coefficient from moving above +7 (e.g. using an if-then statement in firmware or
similar circuit logic). In some examples of the subject matter disclosed herein,
introducing regularization may add an additional term to the MBER cost function to
penalize movement from the LS wvalues. This outperforms hard saturation as
regularization as disclosed herein may allow the coefficients to move when changes in
the coefficients produce a reduction in the cost function while providing a similar

restraint to wandering as that provided by hard saturation.

[0041] Referring to FIG. 3, a flowchart of a method of regularized parameter
adaptation is shown and is generally designated 300. More particularly, flowchart 300
may be manufacturing or training operations to generate the regularization data 120 as

detailed above with respect to FIGS. 1 and 2 (e.g. for a current zone).

[0042] The system may receive a first plurality of samples of a first continuous time
input signal for a first read head and a second plurality of samples of a second continuous
time input signal for a second read head during an on track read at 302. The system
may then apply a delay to the first or the second plurality of samples to synchronize the
read positions of the first and second read head at 304. At 306, the system may generate
a first sequence of digitized samples based on the first continuous time input signal and a

second sequence of digitized samples based on the second continuous time input signal.
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[0043] Next, the system may generate a first filtered sample sequence based on the
first digitized samples and one or more first parameter(s) and a second filtered sample
sequence based on the second digitized samples and one or more second parameter(s) at
308. At 310, the system may combine the first filtered sample sequence and the second
filtered sample sequence to produce a MISO output which may be an equalized sample
sequence. At 312, the system may generate a target sample sequence based on detector

decisions or known data and a channel pulse response.

[0044] Then, at 314, the system may adapt the first parameter(s) and the second
parameter(s) based on an error between the target sample sequence and the equalized
sample sequence using, for example, LMS adaptation. While LMS adaptation is used as
an example adaptation algorithm, other adaptation algorithms may be used in the

adaptation of the first and second parameters.

[0045] The system may then determine if the first parameter(s) and the second
parameter(s) have stabilized at 316. If the parameters have stabilized, at 318, the system
may store the first parameter(s) and the second parameter(s) for the current zone (e.g. as
regularization data 120). If the parameters have not stabilized, the system may return to
308 for additional adaptation operations. Though not shown, in some embodiments,
additional operations, such as one or more of operations 302-306 may also be repeated
when the parameters have not stabilized or the stability determination may be
performed for new samples until the parameters have stabilized in general for data

samples of the zone.

[0046] Referring to FIG. 4, a flowchart of a method of regularized parameter
adaptation is shown and is generally designated 400. More particularly, flowchart 400
may be the sampling, equalization and regularized parameter adaptation operations
performed during a read or receive operation and may be performed as detailed above

with respect to FIGS. 1 and 2.

[0047] In operation, at 402, the system may receive a first plurality of samples of a

first continuous time input signal for a first read head and a second plurality of samples of
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a second continuous time input signal for a second read head, for example, for a current
data sector. At 404, the system may apply a delay to the first or the second plurality of
samples to synchronize the read positions of the first and second read head. Next, the
system may generate a first sequence of digitized samples based on the first continuous
time input signal and a second sequence of digitized samples based on the second

continuous time input signal at 406.

[0048] At 408, the system may generate a first filtered sample sequence based on the
first digitized samples and first parameters and a second filtered sample sequence based
on the second digitized samples and second parameters. As discussed above, the
parameters may be weights, coefficients or etc. for use as tap values of the plurality of
FIR filters of a MISO equalizer. The parameters may be adapted by and supplied to the
MISO equalizer from an adaptation component. Next, at 410, the system may combine
the first filtered sample sequence and the second filtered sample sequence to produce a

MISO output, which may be an equalized sample sequence.

[0049] At 412, the system may generate a target sample sequence based on detector
decisions or known data and a channel pulse response. Finally, at 414, the system may
adapt the first parameter(s) and the second parameter(s) based on the target sample
sequence and the combined equalized sample sequence (e.g. based on a difference there

between) using regularized LMS adaptation.

[0050] All steps listed for the methods 300 and 400 may be applied to systems that
have adaptive parameters. As mentioned above, other adaptation algorithms could be
substituted for MMSE and these processes may be utilized for parameters of other
circuits such as decoders, equalizers, ADCs and so on. In addition, in view of this
disclosure, one of ordinary skill in the art would understand that the number of read heads
or input signals may be greater than two (e.g. a plurality). Many other variations would
be apparent in view of this disclosure. Components and circuits used to perform the
operations in the method may be discrete, integrated into a system on chip (SOC), or
other circuits. Further, the steps can be carried out in a processor (e.g. a digital signal

processor), implemented in software, implemented via firmware, or by other means.
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[0051] Referring to FIG. 5, a block diagram of a system including regularized
parameter adaptation is shown and generally designated 500. The system 500 can be an
example of a data storage device (DSD), and may be an example implementation of
systems 100 and 200. The DSD 516 can optionally connect to and be removable from a
host device 514, which can be a device or system having stored data, such as a desktop
computer, a laptop computer, a server, a digital video recorder, a photocopier, a
telephone, a music player, other electronic devices or systems not listed, or any
combination thereof. The data storage device 516 can communicate with the host
device 514 via the hardware/firmware based host interface circuit 512 that may include a
connector (not shown) that allows the DSD 516 to be physically connected and

disconnected from the host 514.

[0052] The DSD 516 can include a system processor 502, which may be a
programmable controller, and associated memory 504. The system processor 502 may
be part of a system on chip (SOC). A buffer 506 may temporarily store data during read
and write operations and can include a command queue. The read/write (R/W) channel
510 can encode data during write operations to, and reconstruct data during read
operations from, the data storage medium 508. The data storage medium 508 is shown
and described as a hard disc drive, but may be other types of magnetic medium, such as a

flash medium, optical medium, or other medium, or any combination thereof.

[0053] The R/W channel 510 may receive data from more than one data storage
medium at a time, and in some embodiments can also receive multiple data signals
concurrently, such as from more than one output of a read head. For example, storage
systems having two-dimensional magnetic recording (TDMR) systems can have multiple
reading or recording elements, and can read from two tracks simultaneously or nearly
simultaneously. Multi-dimensional recording (MDR) systems can receive two or more
inputs from multiple sources (e.g. recording heads, flash memory, optical memory, and
so forth). The R/W channel 510 can combine multiple inputs and provide a single

output, as described in examples herein.
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[0054] The block 518 can implement all of or part of the systems and functionality of
systems and methods 100, 200, 300 and 400. In some embodiments, the block 518 may
be a separate circuit, integrated into the R/W channel 510, included in a system on chip,

firmware, software, or any combination thereof.

[0055] The illustrations, examples, and embodiments described herein are intended to
provide a general understanding of the structure of various embodiments. The
illustrations are not intended to serve as a complete description of all of the elements and
features of apparatus and systems that utilize the structures or methods described herein.
Many other embodiments may be apparent to those of skill in the art upon reviewing the
disclosure. Other embodiments may be utilized and derived from the disclosure, such
that structural and logical substitutions and changes may be made without departing from
the scope of the disclosure. For example, the figures and above description provide
examples of architecture and voltages that may be varied, such as for design requirements
of a system. Moreover, although specific embodiments have been illustrated and
described herein, it should be appreciated that any subsequent arrangement designed to
achieve the same or similar purpose may be substituted for the specific embodiments

shown.

[0056] This disclosure is intended to cover any and all subsequent adaptations or
variations of various embodiments. Combinations of the above examples, and other
embodiments not specifically described herein, will be apparent to those of skill in the art
upon reviewing the description. Additionally, the illustrations are merely
representational and may not be drawn to scale. Certain proportions within the
illustrations may be exaggerated, while other proportions may be reduced. Accordingly,

the disclosure and the figures are to be regarded as illustrative and not restrictive.
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WHAT IS CLAIMED IS:

1. An apparatus comprising:
a circuit configured to process at least one input signal using a set of channel parameters,
the circuit further configured to:
adapt, using a regularized adaptation algorithm, a first set of channel parameters
for use by the circuit as the set of channel parameters in processing the at
least one input signal, the regularized adaptation algorithm penalizing
deviations by the first set of channel parameters from a corresponding
predetermined second set of channel parameters; and
perform the processing of the at least one input signal using the first set of

channel parameters as the set of channel parameters.

2. The apparatus of claim 1, further comprising the circuit further including a MISO
equalizer that performs the processing of the at least one input signal using the set of

channel parameters as filter taps.

3. The apparatus of claim 2, further comprising the at least one input signal being a

plurality of digital signals that correspond to a plurality of read heads.

4. The apparatus of claim 3, further comprising the second set of channel parameters
being generated using an unregularized version of the regularized adaptation algorithm

during a prior on-track read.

5. The apparatus of claim 3, further comprising:
a memory storing the second set of channel parameters;
the at least one input signal based on readback signals read by the plurality of read
heads from a sector of a magnetic storage medium; and
the second set of channel parameters corresponding to an area of the magnetic

storage medium including the sector.
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6. The apparatus of claim 3, the circuit further comprising
a plurality of analog to digital converters (ADCs), each of the plurality of digital
signals being generated by a corresponding ADC of the plurality of ADCs;
the MISO equalizer comprising:

a plurality of finite impulse response (FIR) filters, the set of channel
parameters including filter taps of the plurality of finite impulse
response filters, each of the plurality of digital signals being
processed by a corresponding FIR filter of the plurality of finite
impulse response filters; and

a combiner circuit that combines the outputs of the plurality of FIR filters.

7. The apparatus of claim 6, further comprising the circuit further including a
detector that performs bit detection operations on the output of the MISO equalizer, the
circuit further configured to:
determine a target based on detector decisions of the detector and a channel
impulse response;
determine an error based on a difference of the MISO equalizer output and the
target; and

perform the adaptation based on the error.

8. The apparatus of claim 1 further comprising the regularized adaptation algorithm
being a regularized LMS adaptation algorithm or a regularized MMSE adaptation

algorithm.

9. The apparatus of claim 1, further comprising the regularized adaptation algorithm
further including an adjustable parameter that scales the penalty for deviation by the first

set of channel parameters from the second set of channel parameters.
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10. A system comprising:
a channel circuit configured to process at least one input signal using a set of
channel parameters;
an adaptation circuit configured to:
adapt, using a regularized adaptation algorithm, a first set of channel
parameters for use by the channel circuit as the set of channel
parameters in processing the at least one input signal, the
regularized adaptation algorithm penalizing deviations by the first
set of channel parameters from a predetermined corresponding

second set of channel parameters.

1. The system of claim 10 further comprising the channel circuit being a Multiple-
Input Single Output (MISO) equalizer and the set of channel parameters being filter taps
of the MISO equalizer.

12. The system of claim 11 further comprising the regularized adaptation algorithm
being a regularized LMS adaptation algorithm or a regularized MMSE adaptation

algorithm.

13.  The system of claim 12 further comprising the regularized adaptation algorithm
further including an adjustable parameter that scales the penalty for deviation by the first

set of channel parameters from the second set of channel parameters.

14. The system of claim 11 further comprising the at least one input signal being a

plurality of digital signals that correspond to a plurality of read heads.

15. The system of claim 14 further comprising:

a memory storing the second set of channel parameters, the second set of channel
parameters being generated using an unregularized version of the
regularized adaptation algorithm during a prior on-track read;

the at least one input signal based on readback signals read by the plurality of read

heads from a sector of a magnetic storage medium; and
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16.

17.

the second set of channel parameters corresponding to an area of the magnetic

storage medium including the sector

The system of claim 11 further comprising:

a plurality of analog to digital converters (ADCs), each of the plurality of digital
signals being generated by a corresponding ADC of the plurality of ADCs;

the MISO equalizer comprising:

a plurality of finite impulse response (FIR) filters, the set of channel
parameters including filter taps of the plurality of finite impulse
response filters, each of the plurality of digital signals being
processed by a corresponding FIR filter of the plurality of FIR
filters; and

a combiner circuit that combines the outputs of the plurality of FIR filters;

a detector that performs bit detection operations on the output of the MISO
equalizer;
a target circuit configured to:

determine a target based on detector decisions of the detector and a
channel impulse response;

determine an error based on a difference of the MISO equalizer output and
the target; and

the adaptation circuit further configured to perform the adaptation based on the

€rIror.

A method comprising:

adapting, by a circuit configured to process at least one input signal using a set of
channel parameters and using a regularized adaptation algorithm, a first
set of channel parameters for use by the circuit as the set of channel
parameters in processing the at least one input signal, the regularized
adaptation algorithm penalizing deviations by the first set of channel
parameters from a corresponding predetermined second set of channel

parameters; and
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performing the processing of the at least one input signal using the first set of

channel parameters as the set of channel parameters.

18. The method of claim 17 further comprising the circuit including a MISO equalizer
that uses the set of channel parameters as filter taps to perform the processing of the at

least one input signal.

19.  The method of claim 18 further comprising the regularized adaptation algorithm
being a regularized LMS adaptation algorithm or a regularized MMSE adaptation

algorithm.

20. The method of claim 17 further comprising:
the at least one input signal being one or more digitized sample sequences
corresponding to a sector of a magnetic storage medium;
the second set of channel parameters corresponding to an area of the magnetic
storage medium including the sector and being generated using an
unregularized version of the regularized adaptation algorithm during a
prior on-track read of data written to the area of the magnetic storage

medium including the sector.
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