ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/263653281

An iterative inter-track interference mitigation method for two-dimensional
magnetic recording systems An iterative inter-track interference mitigation
method for two-dimensional m...

Article in Journal of Applied Physics - February 2014

DOI: 10.1063/1.4866849

CITATIONS READS
4 53

4 authors, including:

e Chanon Warisarn Pornchai Supnithi
< King Mongkut's Institute of Technology Ladkrabang King Mongkut's Institute of Technology Ladkrabang
68 PUBLICATIONS 77 CITATIONS 140 PUBLICATIONS 411 CITATIONS
SEE PROFILE SEE PROFILE

E ,  Piya Kovintavewat
Nakhon Pathom Rajabhat University
108 PUBLICATIONS 275 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

roect  lONOsphere View project

et Signal Processing for Magnetic Recording. View project

All content following this page was uploaded by Chanon Warisarn on 04 July 2014.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/263653281_An_iterative_inter-track_interference_mitigation_method_for_two-dimensional_magnetic_recording_systems_An_iterative_inter-track_interference_mitigation_method_for_two-dimensional_magnetic_recording_sy?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/263653281_An_iterative_inter-track_interference_mitigation_method_for_two-dimensional_magnetic_recording_systems_An_iterative_inter-track_interference_mitigation_method_for_two-dimensional_magnetic_recording_sy?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Ionosphere-4?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Signal-Processing-for-Magnetic-Recording?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Chanon_Warisarn?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Chanon_Warisarn?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/King_Mongkuts_Institute_of_Technology_Ladkrabang?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Chanon_Warisarn?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pornchai_Supnithi?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pornchai_Supnithi?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/King_Mongkuts_Institute_of_Technology_Ladkrabang?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Pornchai_Supnithi?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Piya_Kovintavewat?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Piya_Kovintavewat?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Nakhon_Pathom_Rajabhat_University?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Piya_Kovintavewat?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Chanon_Warisarn?enrichId=rgreq-0fc8d55415d79cf4fa63562a1daa4bbf-XXX&enrichSource=Y292ZXJQYWdlOzI2MzY1MzI4MTtBUzoxMTUyNDU1NTMwMzMyMTZAMTQwNDQ4ODA5MDA2MA%3D%3D&el=1_x_10&_esc=publicationCoverPdf

AI P ‘ i?)l::url?:t!l ?’fhysics

recording systems
C. Warisarn, T. Losuwan, P. Supnithi, and P. Kovintavewat

Citation: Journal of Applied Physics 115, 17B732 (2014); doi: 10.1063/1.4866849

View online: http://dx.doi.org/10.1063/1.4866849

View Table of Contents: http://scitation.aip.org/content/aip/journal/jap/115/17?ver=pdfcov
Published by the AIP Publishing

AIP Re-register for Table of Content Alerts

Publishing

Create a profile. Sign up today!



http://scitation.aip.org/content/aip/journal/jap?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1479233748/x01/AIP-PT/JAP_Article_DL_0214/aipToCAlerts_Large.png/5532386d4f314a53757a6b4144615953?x
http://scitation.aip.org/search?value1=C.+Warisarn&option1=author
http://scitation.aip.org/search?value1=T.+Losuwan&option1=author
http://scitation.aip.org/search?value1=P.+Supnithi&option1=author
http://scitation.aip.org/search?value1=P.+Kovintavewat&option1=author
http://scitation.aip.org/content/aip/journal/jap?ver=pdfcov
http://dx.doi.org/10.1063/1.4866849
http://scitation.aip.org/content/aip/journal/jap/115/17?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov

JOURNAL OF APPLIED PHYSICS 1185, 17B732 (2014)

@ CrossMark

An iterative inter-track interference mitigation method for two-dimensional

magnetic recording systems

C. Warisarn," T. Losuwan," P. Supnithi,2 and P. Kovintavewat®?®

'College of Data Storage Innovation, King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520,
Thailand

2Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520, Thailand
3Data Storage Technology Research Center, Nakhon Pathom Rajabhat University, Nakhon Pathom 73000,
Thailand

(Presented 8 November 2013; received 23 September 2013; accepted 22 November 2013; published
online 26 February 2014)

At high recording density, the readback signal of two-dimensional magnetic recording is
inevitably corrupted by the two-dimensional (2D) interference consisting of inter-symbol
interference and inter-track interference (ITI), which can significantly degrade the overall system
performance. This paper proposes an iterative ITI mitigation method using three modified 2D
soft-output Viterbi algorithm (2D-SOVA) detectors in conjunction with an iterative processing
technique to combat the 2D interference. The codeword of the outer code is divided and then
written on three separate tracks. For every iteration, all 2D-SOVA detectors exchange the soft
information to improve the reliability of the a priori information and use it in the branch metric
calculation, before feeding the refined soft information to the outer decoder. Simulation results
show that the proposed method outperforms the conventional receiver and the existing partial ITI

mitigation method. © 20714 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4866849]

. INTRODUCTION

Two-dimensional magnetic recording (TDMR) by shin-
gled magnetic recording’ is a promising technology for realiz-
ing an areal density (AD) toward 10 Tb/in®, which attempts to
store one channel bit in few grains of a magnetic medium so
as to reach about 1/2 data bits per grain." When reproducing a
shingle-recorded data sequence by a wide reader, the readback
signal is severely corrupted by the two-dimensional (2D) in-
terference, consisting of inter-symbol interference and
inter-track interference (ITI), which can deteriorate the system
performance considerably. Generally, there are two techni-
ques proposed to mitigate the 2D interference, namely, an ITI
cancellation method>” and a multi-track detection method.*”
For example, a partial ITI mitigation method (PIMM)? used
the bit estimates from the low-density parity-check (LDPC)°
decoder as partial ITT estimates for the branch metric calcula-
tion in the modified soft-output Viterbi algorithm (SOVA)’
detector. In addition, the multi-track detection* was intro-
duced to recover only the user data on the center track, but
did not mention how to recovery the user data from adjacent
tracks in a multi-track recording system. This paper proposes
an iterative ITI mitigation method to alleviate the severe 2D
interference in a coded TDMR channel.

Il. CHANNEL MODEL

Fig. 1 illustrates the TDMR system based on a discrete
Voronoi-grain model.® An input data sequence x, € {0,1}
with bit period T, is encoded by an LDPC encoder and is
mapped to a coded sequence a; € {*1}, which will then be
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split into three adjacent tracks {ay;_1, ar,, ar 1} With track
pitch 7, for recording onto a magnetic medium. In this paper,
we consider the medium, approximately with the grain size of
4.6nm diameter and the non-magnetic boundary of 0.9 nm.®
Also, we employ the method (with same parameters) pro-
posed by Yamashita er al.® to generate the TDMR readback
signal, which is obtained by convolving the magnetization
pattern of discrete Voronoi grains, M(m, n), with the
read-head sensitivity function, y(m, n), where m and n are the
time indices of the bit period in the along- and across-track
directions, and then add a small amount of additive white
Gaussian noise (AWGN) for the electronics noise.”®

Then, the readback sequence, 1, is equalized by a 2D
equalizer’ so as to shape the overall channel response to the
2D target.”'” Specifically, the kth equalizer output on the /th
track can be expressed as

Yo = Z E RinnQi—mj—n W1, (1)

n m

Skt

where a;,’s are the recorded bits, #,,,’s are the 2D target
coefficients, s;;’s are the noiseless target outputs, and wy; is
the filtered noise.

AWGN
[ l Y1 Vii-1
X | LDPC |4 2D Vi | Modified LppC | M
™ encoder equalizer _’y“ "| 20-sovA decoder
s
W i

FIG. 1. A TDMR channel model with the proposed method.
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Next, each of the equalizer outputs {yi; 1, Y Yisr1) 1S
processed by a separate 2D- SOVA'! detector to produce the
soft outputs {Ax;—1, Ay, /Ik 1+11. The 2D-SOVA detectors
exchange this soft information for Nggya times, before com-
bining and sending the refined soft information to the LDPC
decoder to produce the log-likelihood ratio (LLR) of bit a,
. Thus, this LLR sequence will be split into three sequen-
ces {Axs—1, Acss Aksr1) before feeding them back to each cor-
responding 2D-SOVA detector for the next global iteration.

lll. PROPOSED SCHEME

To handle the 2D interference, we propose to exchange
the soft information among all 2D-SOVA detectors as shown
in Fig. 2, where the conventional 2D-SOVA detector is
employed in the Ist SOVA iteration (i.e., Nsova=1).
However, the proposed method begins at the 2nd and higher
SOVA iteration, where the /th detector exploits the sidetrack
information from the (/— 1)th and (/+ 1)th detectors, and
the (/—1)th and (/4 1)th detectors employ the sidetrack
information only from the /th detector. Specifically, this side-
track information is used to enhance the reliability of the a
priori information before evaluating the branch metric in the
2D-SOVA detector for the next SOV A iteration.

To perform maximum-likelihood equalization via
2D-SOVA, we apply a technique introduced in the bidirec-
tional SOVA'? to compute the extrinsic information of the bit
ay, Lk, for the LDPC decoder. Define (1, ¢) as the transition
from stage u to stage ¢ in the trellis diagram.” In practice, the
conventional SOVA detector computes the kth branch metric
on the /th track associated with (u, ¢) according to”"'?

1
V(U q) = — 757 s = sea(,q) > + In(pe(glu)),  (2)

where ¢ is the noise variance seen at the input of the SOVA
detector, s /(u, q) is the kth target output on the /th track
from Eq. (1) associated with (u, ¢), and py(g|u) is the kth a
priori probability on the /th track. Generally, the quality of
the extrinsic information A, depends on how good the branch
metric 4 (u, g) is, which in turn helps reduce the ITI effect.
In this paper, all 2D-SOVA detectors iteratively exchange
the soft information so that a better y; ,(u, ¢) can be obtained.
To achieve this, we need to modify the branch metric calcu-
lation in Eq. (2) such that an improved py ;(¢|u) is included.

|
|<— Nsova=1 —>i¢—— Nsova=2 —»:4— Nsova =3 —»

Yeutl [ -D* et L PTRTO A L, T
¢ | 2p-sova 2D-SOVA 2D-SOVA [T 7
; i ;
v [ ] i |5
] 2D-sOVA | 3 2D-SOVA ’ 3 2D-SOVA [i
| ) J ;
Y] @+ D" - ] L’ d+n™ | l" d+n™ | ~k,/+¢
] 2D-SOVA [ 2D-SOVA [Zets 2D-SOVA [1 7]
: Tﬂ‘k.HI :

FIG. 2. The soft information exchange process at the modified 2D-SOVA
detectors for Ngoya = 3.
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Consider the 3-by-3 asymmetric target,'® whose trellis
diagram has 64 states with 8 outgoing branches connected to
8 different states. Because each branch corresponds to the
input data [a;; 1, ary ars+1], the a priori probability in
Eq. (2) can then be calculated from

pri(qlu) = plag—1) pla) plaxis1), 3
where p(ai; = +1) = e*//(1 + ') and p(a;; = —1) =1
—p(ax; = +1). Note that when the sidetrack information is
used to compute py;(q|u), the /., will be replaced by the
2D-SOVA output, Ag.

To reduce the complexity, we employ the 3-by-3 sym-
metric 2D target' in this paper, whose trellis diagram has 36
states with 6 outgoing branches connected to 6 different
states because the upper and the lower target coefficients are
the same. In this case, it can be shown that the py;(¢|u) in
Eq. (3) can be computed as py;(q|u) = p(ar;)p(br,;), where
by = ayy—1 + ax 41, and

play, —Dplagp =—-1), by=-2
P(akz 1= +1)P(ak7z+1 +1), by =+2
p(bry) =
plagi-1 = =1) plagi1 = +1)
5 bk‘[ = 0.
+P(Clk1 1 =+1)plag =—1) '
4

IV. SIMULATION RESULTS

Consider a rate-8/9 coded system in which each block of
3640 message bits is encoded by a regular (3, 27) LDPC
encoder, resulting in a 4095-bit block sector. The parity-check
matrix has 3 ones on each column and 27 ones on each row.
This paper defines the signal-to-noise ratio (SNR) as
201og,o(A/as), where A assumed to be 1 is the saturation level
of an isolated waveform calculated by using the ideal granular
medium® and oy is the standard deviation of AWGN. The 2D
3-by-3 symmetric target and its corresponding 2D 3-by-7
equalizer are designed based on a minimum mean-squared
error approach.g’10 In simulation, Ngoya =3 and ¢ =0y are
used, and the LDPC decoder is implemented based on the mes-
sage passing algorithm® with N; ppc = 10 internal iterations.

We make a comparison among (1) the conventional
receiver denoted as “Conv” and three conventional 2D-SOVA
detectors (i.e., Ngova = 1) are used, (2) the PIMM,? and 3)
the proposed scheme, where all schemes have random data on
the (/—2)th and (/4 2)th tracks. Fig. 3(a) shows the BER

Conv (1)
——— Conv (10)
—6— PIMM (10)
—=— Proposed (10)

13

2 16 1 2 3 4 5 6 7 8 9 1
(a) SNR (dB)

(b) Number of global iterations, Ny,

FIG. 3. Performance comparison (a) with different ADs and (b) as a function
of NGiobar’s at 4.21 Tb/in? and SNR = 13.5 dB.
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107 . . ; . . .
5 Conv (9)
10 —©— PIMM (223) ]
=l Proposed (3)
421 Tb/in®
10~ E
=4
m
m
10~ 5
2.37 Tb/in’
107} E
10°° : :
9 10 11 12 13 14 s 16
SNR (dB)

FIG. 4. Performance comparison with same complexity.

performance of different schemes at the AD of 2.37 Tb/in’
(Ty=T.=16.5nm) and 421 Tbfin®> (T,=T.=12.375nm).
Notice that the number inside the parenthesis in Fig. 3(a) indi-
cates the total number of global iterations, Ngjopa, used to
generate each curve. Apparently, the proposed scheme per-
forms better than the others, especially when AD is increased.
For example, at 4.21 Tb/in?, the proposed scheme is far supe-
rior to the conventional receiver and is better than the PIMM
by about 1.5dB at BER = 10~°. Fig. 3(b) also shows the BER
performance as a function of Ngjopa’s at AD of 4.21 Tb/in”
and SNR=13.5dB. It is clear that the proposed scheme
performs the best and no performance gain is obtained for all
schemes after Ngiopa = 6.

Additionally, we also compare the performance of all
schemes when they have same complexity. To do so, we
define the complexity as the total number of multiplications
(per bit), including the LDPC decoder. Note that only multi-
plication is considered because it has much more complexity
than addition in terms of circuit implementation. With care-
fully counting the number of operations, it can be shown that
the conventional receiver, the PIMM, and the proposed
scheme have 1081 NGlobah 44 NGlobal’ and 3274 NGlobal mul-
tiplications, respectively. Here, we assume that current tech-
nology can support the total number of multiplications equal

J. Appl. Phys. 115, 17B732 (2014)

to 3 iterations of the proposed scheme, which is approxi-
mately equal to 9 and 223 iterations of the conventional
receiver and the PIMM, respectively. Fig. 4 compares the
performance of different schemes when they have same
complexity. It is evident that the proposed scheme still per-
forms better than other schemes, especially at high AD. This
might be because the proposed scheme can combat the
severe I'TI as opposed to the other schemes.

V. CONCLUSION

This paper proposes an iterative ITI mitigating method
to combat the severe 2D interference in TDMR systems,
which employs three modified 2D-SOVA detectors in con-
junction with an iterative processing technique. Specifically,
the three modified 2D-SOVA detectors exchange soft infor-
mation to improve the reliability of the a priori information
and use it in the branch metric calculation, before passing the
refined soft information to the LDPC decoder. Simulation
results indicate that the proposed scheme performs better
than both the conventional receiver and the PIMM, especially
when AD is high. Therefore, the proposed scheme is worth
employing in the system that experiences the severe 2D inter-
ference (e.g., TDMR and bit-patterned media recording).
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