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Abstract: Software simulations are presented for the
magnetic and optical recording channels, to illustrate
performances measured in bit error rate (BER) dependence
on signal to noise rate (SNR) characteristics of recording
digital sequences, caleulated for equalized partial response
channels followed by Viterbi detection versus classical
methods. A software simulator is used, specially designed to
assist signal-processing stages in magnetic and optical
recording channels. The simulator includes the concept of
partial response channels, channel equalization and
detection algorithms, applied to new and classical methods
of recording, BER characteristics are simulated for peak
detection/Viterbi algorithm, classical/PR4/EPR4 recording
channels, with/without equalization.
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1. The Concept of Partial
Response Channel Applied to
Digital Recording Channels

The basic idea of partial response applied to
digital recording channels resides in
intersymbol  interference ISI combat by
accepting and controlling it [1]. In an attempt to
increase recording densitics, adjacent read
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channel responses to transitions it rocordisg
media tend to interact with each other and so the
ideal single (ransition shape is degraded
randomly, leading to difficulties in considering
it as an appropriate transition svmbol at deiector
stages. The partial channel response resides in
linear superposition of well -known ircd idia
symbol shapes. So the interfercnce @ wvee
adjacent transitions can be anticipated and aker
into consideration in detector strat:gics. Twe
important modifications are presupposed for the
classical channel: equalization of the response
channel to a standard shape and the Yiterbi
maximum likelihood detector [2]. Eguaiization
favours the ISI control by placing the sampling
moments in such a position on response shape
that shall guarantee controlled interterence. The
Viterbi detector analyses the received signal
shape, based on an appropriate succession of
samples which can hint at a most valuable
decision. Partial response channels coupled with
appropriate detectors enable an increased
density in digital magnetic recording {i]-[4].

A polynomial operator P characierizes the
partial response channel, that applies to an NRZ
random initial binary sequence of recording
media, through polarization and conversion into
a termary sequence forwarded to the detector
input. The classical channel shows an I-D
polynomial characteristic to express differential
action of the media-head interaction, with a
single sample in the center of the received
symbol. The PR4, first partial response applied
in digital magnetic recording channels, has an
(1-D)(1+D) characteristic, where the 1+D factor
designs the two symmetric samples on the
equalized symbol response (1,1 sequence).
Increasing 1+D factors to 2 in the P expression
results in EPR4 (Extended Partial Response 4)
channel, with three samples per symbol (two
symmetric % amplitude samples and one central
full amplitude sample — 1.2,1 sequence). and in
E2PR4 for (1-D)(1+D)° which has two unequal
peers of symmetric samples in 1.3,3,1 sequence.
The number and size of samples per symbol fix
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the accepted interference. to be taken into
consideration at the decoding stage.

2. Recording Channel Structure
Model

A classical magnetic recording channel
structure model includes a preprocessing of the
write signal, the magnetic head - media
interface and the read channel and the more
complex read channel, where first the analog
read signal is processed, then samples of the
received shape are further processed digitally.
The noise affect the data mostly in the magnetic
head — media interface.
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Figure 1. Recording Channel Structure
Model

The write channel includes a precoding of data
and digital processing in the reading channel
includes the Viterbi maximum likelihood
detector, both with a structure determined by the
partial recording model having been
implemented.

3. The Modular Structure of the
Simulation Program

The structure of the simulation program follows
the real channel structure, combined with an
interface to the operator, who transmits the
simulation parameters.

A Input / Output Module

This part of the program covers the user
interface, communicating the conditions under
which simulation runs and the results are
received. Here starts the generation of an initial
random data file, and the channel type (NRZI,
PR4, EPR4), the detector type (peak or Viterbi),
the equalizer's parameters, the recording
density, signal to noise ratio are chosen.

B. Channel Simulation Moa'u_le Files

The remaining of the modules simulate the
structure  of the real recording channel
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Functions in the program simulate phases of the

recording process. Data between phases are

transferred through files with the samples of the

signal. The files are:

- .sou -binary data to be transmitted on the
channel,

- .prc— the precoded signal before recording;

- 1d - the signal generated by the (1-D)
simulation of the head:

- .id—the signal generated by the ideal channel;

- .own - the signal generated by the simulation
of the real head:

- .out— the signal with noise;
- .equ—the equalized samples,
- .det -~ the detected signal.

C. Precoding

The precoding function is exccuted before the
actual process of recording, in an attempt to
reduce the propagation errors in the detection
process. Without precoding, errors will
propagate through the detector. The formulas
for precoding are:

a) for NRZI channel: (1+D) mode 2;
b) for PR4 channel: (1+D%) mode 2:
¢) for EPR4 channel: (1-D+D*+D?) mode 2.

The initial binary .sou file will generate .prc
ternary file.

D. Simulation of the ideal and real head

The input data for this module is the .prc file.
First of all, a simulation of the (1-D)
characteristic of the reading head is done and
the output is the .rd file. This file will be input
for the simulation of an ideal channel, meaning
(1-D) for NRZI, (1-D)(1+D) for PR4 and (1-
D)(14D)* for EPR4 and the results will be
written in the .id file. Also, the .rd file is input
for the simulation of the real analog read
channel, which is an ideal (1-D) channel with
noise. The analog equalized read channel is
implemented as a digital filter with 5 taps for
NRZI, 6 taps for PR4 and 7 taps for EPR4,
depending on the sample points for each kind of
channel, that equalize the analog shape impulse
response to a classical function. There are two
kinds of functions which can approximate the
channel (Gauss and Lorentz functions). We
choose the conventional, well -accepted Lorentz
characteristic, that better approximates the
channel at higher recording densities. The
analog equalized read channel processes the .rd
file and the output samples will be the .own file.
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E. Additive Noise

The samples in the .own file are added with a
Gaussian white noise file (.zgm) with a given
SNR. The corrupted samples result file will be
the .out file.

F. Digital Adaptive Equalization

For equalizing signal in the .out file to the PR
shape, two steps are to be taken: training and
real equalization.

The training is done in a given number of steps
and there are two kinds of the same algorithm
(LMS). The causal one, meaning that the
current sample is influenced only by the ones
before it and a non-causal one, meaning that the
current sample is also influenced by the samples
coming after it. The simulation shows that the
first filter does not produce good results because
an isolated sample is influenced, due to ISI, by
the next samples as well as by the previous
ones. So, from now on only the second type will
be used. The training is done by changing
coefficients and making a difference between
the ideal samples (.id) and the real ones (.out)
for a given number of steps. Practically, the
equalizer changes the frequency response of the
channel, to match the frequency response of the
desired PR channel.

After training the resulting filter processes the
.out file, resulting in the .equ file.

G. Detection

This is the final module of the program, where
an estimation of the samples generated and
transmitted on the channel is made. Two kinds
of detectors are considered: the peak detector
and the Viterbi detector. The input file is .equ
and the results will be written in .det file. BER
(Bit Error Rate) will be calculated through
comparing this file with the initial input file
(.sou).

The peak detector is a classical one: if an
isolated sample has wvalues within certain
margins, it will be estimated as information data
“0”, otherwise as “1”. Simulation states that, at
high recording densities, the number of errors
signalled by peak detector will increase.

The Viterbi maximum likelihood detector is
implemented in single stage or two-stage
algorithm variants, depending on the channcl
model, and is based on the survivor selection by
LMS distances between paths, at each sample
added to the sequence. Practically, the algorithm
calculates the path metrics, starting from a
known state for each possible trajectory and, if
two trajectories converge to the same state, it
will select the one with smaller path metrics and
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discard the other. The algorithm stops when
only one surviving trajectory is left.

The comparative results show a performance
increase by computing BER after the Viterbi
maximum likelihood detector.

4. The Simulation Results

A. BER (Bit Error Rate) by Recording
Density Dependency

The simulation was done in the following
conditions; SNR = 19 dB, 100 learning steps for
both the peak and the Viterbi detectors.
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Figure 2. BER vs. Recording Density

Figure 2 shows that, at low recording densities,
BER for PR4 channel is greater than the one for
NRZI channel, but, at higher recording
densitics, the quality of PR4 channel highly
improves against NRZI channel. In practice,
equalization can prove somehow difficult and
reaching a good SNR is even more difficult due
to nonlinear effects which can boost at higher
recording densitics.

B. BER by SNR Dependency

The simulation was done in the following
conditions; 100 learning steps, a density
recording of 1, for both types of detection.
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Figure 3. BER vs. SNR
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The upper diagram emphasizes that, at certain
SNR values, the NRZI channel (using both the
peak and the Viterbi maximum likelihood
detectors) has better results than the PR4 with
the Viterbi maximum likelihood detection, but,
in general, the latter combination scores the
best.

C. The Effect of Equalization On System
Performance

The simulation runs under the same conditions
as in A, but without optimal equalization, so we
can see the effect on the BER,

0.16

0.14 \

s N
PO N
m' \‘\g\‘\\\\

Y | : s S -

10 12 14 16 18 20

SNR iy
|~ NRZI+peak ~e—NRZI+Viterbi —a— PR4+peak —e—PR4+Viterbi

Figure 4. BER vs. SNR Without Equalization

In this case, without equalization, we can see
that the NRZI channel yields better results than
the PR4 channel on the same type of detector.
This fact clearly shows the importance of
equalization,'especially for PR channels.

D. Comparison Between Equalized NRZI,

PR4 and EPR4 Channels at High
Recording Densities

The simulation was done in the following
conditions: SNR = 19 dB and 100 learning steps
for the equalizer.
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Figure 5. Comparison Between NRZ1,
PR4 and EPR4

Figure 5 shows that, first of all, at high
recording densities, the NRZI channel gives the
worst BER. From the two PR channels, it can be
seen that, at recording densities beneath 2.4,
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PR4 gives the best results, but beyond this
point, the EPR4 channel provides the smallest
BER. Also, as we can observe. at very high
recording densities the three types of channels
produce approximately the same results and
new strategics need be envisaged.

5. Conclusions

Due to its modular structure, the simulator has
flexibility in measuring performances of
equalization and detection strategies on classical
and partial response (PR4 and EPR4) channels.
The discussed simulations revealed that the PR
channel optimal equalization made it possible to
raise the recording density while maintaining
the BER within the same limits.

Another raise is measured by replacing the peak
detector by the Viterbi maximum likelihood
algorithms based detectors, aiming to tolerate
the intersymbol interference. With the same
SNR, a better BER is measured for partial
response channels vs. NRZI channels at higher
recording  densities. The Viterbi maximum
likelihood detector and partial response optimal
equalization do improve the general noise
immunity of the system.
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