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Abstract—Track mis-registration (TMR) is one of crucial T,
factors on the performance of bit-patterned media recording ‘H
(BPMR) systems. Because of the movement of a read head and
the rotation of a magnetic disk, the center of the read head
may move away from its center location of a data track, thus i |
resulting in a TMR effect, which can deteriorate the overall .
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system performance. In general, the TMR effect can be detected
and handled by a servo system. However, the servo system
usually requires inherent sector-level latency mechanisms for —
head adjustment. Therefore, this paper proposes a method to
estimate a TMR amount based only on a readback signal. Firstly,
the signal-to-noise ratio (SNR) is estimated based on the peak
amplitude of the readback signal. Then, we determine a TMR  f£ig 1 TMR in a BPMR system, i.e\.
level using the average signal energy and the estimated SNR.
Simulation results show that the proposed method can predict the
TMR level embedded in the readback signal with 95% accuracy,
especially when TMR and SNR level are high.

Lower Track

recorded data and employ high complexity processing (e.g.,
calculating many correlation functions) for estimating TMR

Keywords—Bit-patterned media recording (BPMR); estimation  levels. Thus, this paper proposes a novel TMR estimation
method; signal-to-noise ratio (SNR); track mis-registration (TMR) ~ method, which is based only on the readback signal. Specifi-
cally, at high SNR, our method can provide up to 95% accuracy
at high TMR level (i.e., 20%-25%).

This work begins with studying the relationship among
Track mis-registration (TMR) effect is a major obstacle forthe statistical information of the readback signal, signal-to-
increasing an areal density (AD) in ultra-high density mag-noise ratios (SNRs), and various TMR levels. Hence, these
netic recording systems such as bit-patterned media recordintglationships will be employed to generate the mathematical
(BPMR) [1], [2]. The TMR effect is occurred due to the equations to use estimating the SNR and the TMR level. In this
misalignment between the center of the read head and that afork, we first estimate the SNR using the peak amplitude of
the main data track as illustrated in Fig. 1. Because of TMRthe readback signal from one data sector. Then, this estimated
the readback signal may experience even more severe inté8NR level will be utilized to estimate the TMR level according
track interference, which will further degrade the performanceo the readback signal energy.
of data recovery process in BPMR systems [3], [4].

I. INTRODUCTION

This paper is organized as follows. In Section I, the BPMR
To handle the TMR effect, a servo system provides archannel model is described. Section Ill explains the proposed

inherent sector-level latency of the detection of servo burst§MR estimation method. The simulation results are given in

before any head adjustment can be made. This servo burSection IV. Finally, Section V concludes this paper.

field has the information that can be used to estimate the

amount of read head offset. However, it is generally difficult . CHANNEL MODEL

to predict the TMR quantity to the next servo sector, when

TMR is compensated by only burst signals, especially when In this paper, we focus on a discrete BPMR channel model

TMR goes beyond the limit [5], [6], [7]. [5], [6] as depicted in Fig. 2. The readback signal of #ie

. L data bit on the main track can be expressed as
In practice, several TMR estimation methods based on the P

readback signal have been proposed in the literature [8], [9]. Tok = Z Z B mn® —mk—n + 0.k, (1)
Nonetheless, these methods require the knowledge of some ’ — " " ’
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Fig. 2. Block diagram of BPMR system with proposed SNR and TMR estimations.
wherez, ;'s are the recorded bits on the main traék, ,’s 25p
are the 2D channel coefficients) and n represent the time ! ..o Estimated SNR
indices of the bit island in the across-track and the along \ Real SNR

track directions, and ;, is an additive white Gaussian noise 200 &
(AWGN) with zero mean and variance®. Practically, the ‘
channel response coefficierts, ,, of BPMR systems can be

generated by sampling the 2D Gaussian pulse response att _ ;5|

integer multiples of the bit period},, and the track period, $

T, ie., x
hm,n =P (nTz + AT, me) ) (2) o 10+

where P(z,z) is the 2D Gaussian pulse respongeand x
are the time indices in the across-track and the along-trac
directions,{m,n} € (—L,...,0,...,L), 2L+1 is the length of 5-
P(z,z), 2L+1 is the 2D channel length, is an integer, and

A7 is the head offset or the distance between the center he:

and the center of the main track as shown in Fig. 1. Generaly ¢
L should be large enough to ensure that the tail amplitude c
P(z,z) is small (here, we usk = 1 for simplicity). In this
paper, the sign oAt is assumed to be positive for the upward
offset, where the TMR level is defined as

3 3.5 4 45 5
Average peak amplitude

N F
N
3]

. 3. The relationship between the SNR levels and the avepagé
ampl|tude of the readback signals.

Arp

TMR (%) = T

z

x 100. 3)

each readback signal is affected by a random TMR level
Furthermore, we consider the 2D Gaussian pulse respon$em 0% to 25%. For each SNR level, we average the peak
of the form [10] amplitude of all readback signals. Using these two data sets
2 2 of the SNRs and the average peak amplitudes, we propose
P (z,x) = Aexp b ( v ) + (2+AT) 7 to employ a curve fitting technique to obtain a polynomial
2¢2 |\ PW, PW, function to approximate the SNR based on the known average
peak amplitude. The polynomial function using the curve
whereA = 1 is assumed to be the peak amplitude of the pulséitting technique is
responsePWz is thePW5, of the along-track puls&@Wz is
the PW5, of the across-track puls®Ws is the pulse width SNR = ag 4 a1y + asy® + ... + any”, (5)
at half its maximumg = 1/2.3548 is a constant to account for
the relationship betweeRWs, and the standard deviation of whereSNR is an estimated SNR;; is theit® coefficient of the
a Gaussian. polynomial equation; € {0,1, ..., N}, N is a degree of the
In Fig. 2, the recorded bit zor, and zy . from polynomial equationy is t_he peak_amphtude of the readback
the upp(gar the main. and theslxovéekrv tr?’:tléks resé)gctlvely, arElgnal Based on extensive heuristic research, we found that
sent to the BPMR channel corrupted by TMR and AWGN. 5 is sufficient for our model because a higher order does
At the read side, the readback signal is used to determm'%Ot provide any performance gain on the accuracy of SNR
its peak amplitude Apear, and the average energfiner, estimation. In Fig. 3, we compare the real SNR value and
simultaneously. Then, the estimated SNSJR, is obtained the e_stlmated SNR using (5)- The x-axis is the average peak
based on .(wiII bé explained in Section Iil A). Finall amplitude of the readback signals and the y-axis is the SNR
peak . P ~ X - FINAY. evels. The result is similar so that we use the curve fitting for
we compute the estimated TMRMR, usingEcper andSNR.  astimated SNR level.
I1l. PROPOSEDMETHOD

A. IR Estimation B. TMR Estimation

In this work, we collect 100 samples of the readback To estimate the TMR level, we compute the energy of the
signals at each SNR level from 0 to 25 decibel (dB), whereeadback signal at SNR = 0 dB for each TMR level (i.e., 0, 5,
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Fig. 4. The relationship between the TMR (%) levels and theageeenergy  Fig. 5. The relationship between the SNR levels and the pagenf the

of the readback signals.

10, 15, 20, and 25%) according to

1 M
Ecncr - M Zk:l Tg,ka (6)

whereM is the length of the readback signal, which is equal

to 32768 hits as a 4k data sectors [11].

estimation accuracy of the proposed method.

The performance of the proposed method is measured by

the accuracy, which is defined as

TMR — TMR

R x 100,

accuracy(%) = 100 — (9)

Next, we also use the curve fitting technique so as tavhereTMR is the estimated TMR, which is obtained from the

obtain a polynomial function that provides the best fit line proposed method, and TMR is the actual TMR level embedded
for the relation between the TMR and the average energy ah the readback signal.
all readback signals. This polynomial function can be utilized

to approximate the TMR level according to

(7)
whereTMR is an estimated TMRY; is thei®h coefficient of
the polynomial equation, € {0,1, ... ,F'}, F is a degree of

the polynomial equation (here we uBe= 5 for simplicity), u
is the average signal energy, which is equaktg., in Fig. 2.

TMR = by + byu + bou® + ...+ bpu”,

Fig. 5 demonstrates the percentage of the estimation ac-
curacy of the proposed method in the BPMR system. Clearly,
the proposed method can provide an accuracy of more than
80% when the TMR level is greater than 10%. In addition,
the accuracy percentage approaches to nearly 100% when SNR
is very high. For example, at high SNR (e.g., 20 dB and 25
dB) of each TMR level (from 5% to 25%), we can achieve the
accuracy of about 95%. Consequently, the proposed estimation

Fig. 4 depicts the relationship between the TMR levelmethod can be effectively employed to estimate the TMR
and the average energy by plotting the average energy of dgvel, especially when SNR and TMR are high. However, the
readback signals as a function of TMR levels. We repeat thifPW SNR levels provide an accuracy of less than 40%, in
step by varying the SNR level from 0 to 25 dB to obtain eachParticularly, when the TMR level is low because the effect
curve in Fig. 4. The line dot is the SNR 0 dB and the next lines?f TMR is dominant by high AWGN noise. Therefore, the
are the SNR level to increase by 1 dB up to SNR 25 dB. It isaccuracy of the proposed method is not well.

apparent that if we know the estimated SNRVR) and the

average energytl.,.;), we can easily compute the estimated

TMR (TMR) from (7).

IV. SIMULATION RESULTS

V. CONCLUSION

This paper proposes the TMR estimation method by using
only the readback signal for a BPMR system corrupted by
AWGN and, inter-symbol interference and inter-track inter-

We test the proposed method in the BPMR system givetierence. Specifically, we first estimate the SNR based on the

in Fig. 2 at an areal density (AD) of 2 Th?, where both
the bit period and the track pitch afle. = 7, = 18 nm, the
along-trackPWsq is 19.4 nm, and the across-traB®Vs, is
24.8 nm, as similar to [12]. The SNR is defined as

SNR = 20log;, <1> (in dB), (8)

g

whereo is a standard deviation of AWGN.
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peak amplitude of the readback signal. Then, the estimated
TMR level is determined based on the readback signal energy
and the estimated SNR level. Experiment results indicate that
the proposed method can effectively estimate the TMR level,
especially when SNR and TMR are large. It should be pointed
out that this estimation method can be adapted in designing a
two-dimensional (2D) equalizer and a 2D detector in BPMR
systems so as to cope with this TMR problem.
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