
Middlesex University Research Repository
An open access repository of

Middlesex University research

http://eprints.mdx.ac.uk

Ahmed, M. Z., Farhner, A. and Shah, Purav ORCID logoORCID:
https://orcid.org/0000-0002-0113-5690 (2005) Asymmetric MAP decoding for perpendicular
magnetic recording. In: International Symposium on Physics of Magnetic Materials (ISPMM

2005), 14th-16th september, 2005, Singapore. . [Conference or Workshop Item]

Published version (with publisher’s formatting)

This version is available at: https://eprints.mdx.ac.uk/7767/

Copyright:

Middlesex University Research Repository makes the University’s research available electronically.

Copyright and moral rights to this work are retained by the author and/or other copyright owners
unless otherwise stated. The work is supplied on the understanding that any use for commercial gain
is strictly forbidden. A copy may be downloaded for personal, non-commercial, research or study
without prior permission and without charge.

Works, including theses and research projects, may not be reproduced in any format or medium, or
extensive quotations taken from them, or their content changed in any way, without first obtaining
permission in writing from the copyright holder(s). They may not be sold or exploited commercially in
any format or medium without the prior written permission of the copyright holder(s).

Full bibliographic details must be given when referring to, or quoting from full items including the
author’s name, the title of the work, publication details where relevant (place, publisher, date), pag-
ination, and for theses or dissertations the awarding institution, the degree type awarded, and the
date of the award.

If you believe that any material held in the repository infringes copyright law, please contact the
Repository Team at Middlesex University via the following email address:

eprints@mdx.ac.uk

The item will be removed from the repository while any claim is being investigated.

See also repository copyright: re-use policy: http://eprints.mdx.ac.uk/policies.html#copy

http://eprints.mdx.ac.uk
https://eprints.mdx.ac.uk/7767/
mailto:eprints@mdx.ac.uk
http://eprints.mdx.ac.uk/policies.html#copy


ASYMMETRIC MAP DECODING FOR PERPENDICULAR MAGNETIC

RECORDING WITH DATA DEPENDENT NOISE

M.Z. Ahmed1, A. Fahrner2 and P. Shah1

1CRIST, University of Plymouth, PL4 8AA Devon, UK
2TAIT, University of Ulm, D-89081 Ulm, Germany

Introduction : This paper presents the
application of a new MAP algorithm to
perpendicular recording in the presence of jitter
noise. Respecting the limit on references, the
following four references are provided as the
fundamental basis for this work. For Maximum
A Posteriori (MAP) decoding on trellis’s[1] and
previous work on jitter noise for longitudinal
magnetic recording[2]. For the perpendicular
channel model, we assume a hyperbolic tangent
readback signal from an isolated transition u(t),
given by

u(t) = tanh
(

ln(3)
t

D50

)
(1)

, where D50 is the normalised user density[3] and
the target Partial Response given in [4].

We will present a modified trellis based
algorithm that accounts for the differences
between electronics and jitter noise in the metric
computations. The fact that the jitter noise is
greater in transitions compared to where there are
no transitions can result in improved reliability of
the metric computation. It has been found that
this provides gains in performance over classical
MAP algorithms that assume the noise is not data
dependent.
Channel Model :

Fig. 2b

User Data

Encoder
ECC

ECC
Decoder

Dibit 
Response

0.5

MAP/MLSD
Decoder

{−1,+1}{0,1}

σΝ(0,  )

PR

h(t)
Equalisation

n(t)

s(t)

j(t)

r(t)

Jitter
Generator

BER
Measurement Point

BER
Measurement Point

Fig 2a

Fig. 1 : Simulation Block Diagram
The error correction code (ECC) is a (4096,3072)
LDPC code. The received signal r(t) can be
described by the following equation

r(t) = h(t) ∗ (s(t) + j(t) + n(t)) (2)

where h(t) is the impulse response of the PR
equaliser, s(t) is the channel readback waveform
(with ISI), j(t) is the transition jitter noise and
n(t) is AWGN, or the electronics noise and ∗
denotes convolution. We use noise prediction
within the decoder, resulting in the Log–MAP
decoded signal being described as

r(t) = h(t) ∗ s(t) + j(t) + n(t) (3)

Asymmetric Decoder (AD) : The AD
includes 1 addition and 1 mul per branch
metric computation in addition to the classic
Log–MAP trellis decoder. Additionally, the
decoder uses the input branch labels to determine
if a particular path would include transition noise,
so two consecutive state needs to be considered
before the state metric is updated. This
increases the computational complexity will be
exponential as more terms around the transition
are considered, and is seen as a limitation for
higher D50. The results compare fixed electronics
SNR, and varying the maximum transition jitter
within a sector of 4096 bits are shown for
GPR[0.74,0.83,0.33,0.08,0.01] at D50 = 1.0.
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Fig. 2 : (a) BER vs. percentage of transi-
tions, measured before ECC, and (b)

BER vs. maximum jitter, measured after ECC.
The transition jitter is specified by tmax/T where
tmax represents the maximum deviation in a bit
period T . The variance of n(t) for Fig 2a and Fig
2b are different, and were chosen for convenience.
Conclusion and Future Work : Results show a
consistent improvement over BCJR with the use of
ECC, however improvements are also dependant
on the percentage of transitions, and show a
maximum at 60%. Of interest is the fact that
although the improvement in channel BER is not
very much, the gain in decoded BER (Fig 2b) is
1 order of magnitude for large tmax/T . The jitter
noise has been found not to be strictly Gaussian,
due to the non–linear effect of ISI, and the future
work will investigate on the use of more accurate
probability density functions to decode it.
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