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ABSTRACT
High areal density in bit-patterned media recording

(BPMR) systems encounters several challenges, such as
two-dimensional (2-D) interference channels and media
noises in the presence of severe fluctuations. To combat
the effects of the 2-D interference channel, a factor
graph-based detector (FGB) is one of the promising detec-
tors for the 2-D detection that can mitigate the channel
impairment. In this paper, we propose an improvement
of factor graph decoding for 2-D interference channels
of the BPMR system. The 2-D interference channel
is separated into the two targets that are the upper
triangular target and the lower triangular target. After
that, the joint outputs are averaged for each detector. The
simulation results show that the proposed FGB detector
method achieves lower bit error rate (BER) performances
than both the conventional FGB detector and the 2-D FGB
detector on the BPMR system with an areal density of 3
and 4 Tb/in2.

Keywords: Information storage, bit patterned media
recording, 2-D interference channel, factor graph-based
detector

1. INTRODUCTION
In the magnetic recording system, the bit-patterned

media recording (BPMR) system is considered magnetic
recording technology for high areal density magnetic
storage of the hard disk drives (HDD). The BPMR
system stores each bit in single-domain islands [1-5].
In the present study, the BPMR system is a promising
technology for achieving areal densities of more than
5 Tb/in2 [6-9]. The higher areal density of BPMR
accomplished by reducing the bit islands (or grain sizes)
causes a lower signal-to-noise ratio (SNR) as well as more
severe interferences. The reduction of grain sizes in both
across-track and along-track directions leads to the 2-
D interference consisting of inter-symbol interferences
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(ISI) and inter-track interferences (ITI) from the adjacent
tracks [10-12]. Moreover, the effects of fluctuations of
island size and the position result in the media noise,
which degrades the performance of the read channels
[13-17].

In a previous study, to resolve problems such as 2-D
interference channels and media noise, many researchers
have introduced 2-D detection schemes to improve the
BER performance for the BPMR channel. Therefore,
there has been some important work on 2-D detection
for 2-D interference channels and magnetic recording
systems. For example, an iterative 2-D soft-output
Viterbi algorithm (SOVA) detector based on the 2-D
equalization followed by 1-D detectors in both directions
is proposed [18]. The 2-D SOVA detector separately
processes the 1-D SOVA detector in the horizontal and
vertical directions. The iterative 2-D SOVA detector is the
conventional SOVA detector with the 1-D SOVA detector
of each direction. In [19], the researchers presented
the scheme with joint-track equalization based on the
Viterbi detector with the modified branch metric on
a 4-state trellis. In [20], the twin iterative detection
scheme based on a 1-D detector and decoders was
proposed. The iterative detector was separately carried
out between the decoder and 1-D detector in each
direction. Y. Wang et al. [21] proposed a variable 2-D
equalizer whose equalizer coefficients and corresponding
partial response (PR) targets depend on the different ITI
patterns. They modified multi-track detection with a
hybrid 2-D equalizer and Viterbi algorithm detector. S.
Jeong et al. [23] proposed a three-path (3P) SOVA of
investigated different partial response targets to compare
the BER performances of detection schemes: the 1-D
SOVA, 2-D SOVA, and 3P SOVA. In [24], they proposed
an iterative parallel-serial structure of the detection based
on the maximum a posteriori (MAP) algorithm with
extracted extrinsic information from the outputs.

To mitigate the effects of the 2-D inter-symbol in-
terference channel with multi-track recording, a graph-
based channel detection is an alternative to the 2-D
detection [25-26]. Thereby, the factor graph-based (FGB)
detector is employed instead of the multi-dimensional
Viterbi algorithm detector. The FGB detection is based
on message passing of a posteriori log-likelihood ratio
(LLR) information between factor nodes and bit nodes.
However, previous works on FGB detections are still
complex as the graph is constructed from the 2-D inter-
ference channels [27-28]. Additionally, S. M. Khatami,
et al. [29] proposed a new framework for designing
generalized belief propagation (GBP) algorithm [30] on
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the two-dimensional magnetic recording (TDMR) micro-
cell model with severe 2-D inter-symbol interference.
However, all these detection schemes are multi-head,
multi-track, and there have been several important works
on 2-D detection and 2-D equalization for magnetic
recording channels.

In the article presented here, we used the method
to improve 2-D interference channels based on the
factor graph for the FGB detector on the BPMR system
with multi-head, multi-track processing. The method
segments the 2-D interference channel into two targets,
an upper triangular target and a lower triangular target.
Because the usefulness of the method is seen from its
application to capacity analysis, design, and evaluation
of optimized detection schemes. Such a method should
reliably reflect the essential physics of the detection
processes of the 2-D interference channel.

The article is divided into the following sections: the
introduction of the BPMR channel model in Section II, the
proposed improvement of the 2-D interference channel in
the factor graph for combining the FGB detector, Section
III. We perform the simulation results in Section IV.
Finally, Section V concludes the paper.

2. BPMR CHANNEL MODEL
In this section, we present a scheme of write-read

channel for the BPMR system with multi-head, multi-
track processing. In a BPMR system, we assume a
sequence of [𝑎𝑗,𝑘−2, 𝑎𝑗,𝑘−1, 𝑎𝑗,𝑘, 𝑎𝑗,𝑘+1, 𝑎𝑗,𝑘+2] five
information bits and recorded on five adjacent tracks
for the patterned media. Hence, three read- heads will
receive a sequence of three read-back signals [r𝑗,𝑘−1, r𝑗,𝑘,
r𝑗,𝑘+1] that are caused by a combination of noiseless
received signals [y𝑗,𝑘−1, y𝑗,𝑘, y𝑗,𝑘+1] with additive white
Gaussian noise (AWGN) [n𝑗,𝑘−1, n𝑗,𝑘, n𝑗,𝑘+1]. From track
(k-1) and (k+1) are just the ITI effects for the read-
back signal of the track (k). Next, the read-back signal
sequences [r𝑗,𝑘−1, r𝑗,𝑘, r𝑗,𝑘+1] will be sent to two 2-D
equalizers [33-35]. Then output bits of the 2-D equalizer
will be performed between the FGB detector with the
upper triangular target [d(u)𝑗,𝑘] and the FGB detector
with the lower triangular target [d(l)𝑗,𝑘]. Lastly, the
output bit is averaged by the FGB detector with the upper
triangular target and the FGB detector with the lower
triangular target after the iterations, which are estimated
input bit sequences [â𝑗,𝑘], as shown in Fig. 1.

Since for a 2-D Channel [21], [31], we recall that
the 2-D interference channel target or 2-D generalized
partial response (GPR) target of the BPMR system with
multi-track processing. Theoretically, we consider a 2-
D Gaussian pulse response ℎ(𝑚, 𝑛) following the set of
equations

(1)
where 𝐴 is the peak amplitude of the pulse response,

Fig. 1: A write-read channel on BPMR system with 2-D
equalizers and improved FGB detectors.

Λ𝐴 is an amplitude fluctuation, 𝑇𝑥 is the bit period in
an along-track direction, and 𝑇𝑧 is the track pitch in
an across-track direction. 𝑃 𝑊50𝑥 and 𝑃 𝑊50𝑧 are the
widths of the Gaussian pulse at half the peak height in
the along-track and across-track directions, respectively.
Λ𝑥 and Λ𝑧 position fluctuations are truncated Gaussian
probability density functions with zero mean in the
along-track and across-track directions, respectively.
The values of parameters 𝑒 = 0.35 and 𝑔 = 0.4
are the fitting parameters related to the geometry of
the bit islands and magnetic reader. Therefore, 3 by 3
array coefficients of the 2-D interference channel from
Equation (1) can be generated as

𝐇 =
⎡
⎢
⎢
⎣

ℎ𝑗−1,𝑘−1 ℎ𝑗,𝑘−1 ℎ𝑗+1,𝑘−1
ℎ𝑗−1,𝑘 ℎ𝑗,𝑘 ℎ𝑗+1,𝑘

ℎ𝑗−1,𝑘+1 ℎ𝑗,𝑘+1 ℎ𝑗+1,𝑘+1

⎤
⎥
⎥
⎦

. (2)

where H is the 3×3 matrix of a symmetric 2-D interfer-
ence channel target with the elements as follows: h𝑗,𝑘 is
the main bit coefficient, h𝑗 −1,𝑘 and h𝑗 +1,𝑘 are the inter-
symbol interference coefficients, h𝑗,𝑘−1 and h𝑗,𝑘+1 are
the inter-track interference coefficients from the adjacent
tracks, and h𝑗 −1,𝑘−1, h𝑗 −1,𝑘+1, h𝑗 +1,𝑘−1, and h𝑗 +1,𝑘+1 are
the cornered inter-track interference coefficients.

Afterward, the received three read-back signals
[r𝑗,𝑘−1, r𝑗,𝑘, r𝑗,𝑘+1] from three read-heads, which are
combined of three received signals [y𝑗,𝑘−1, y𝑗,𝑘, y𝑗,𝑘+1]
and three AWGN [n𝑗,𝑘−1, n𝑗,𝑘, n𝑗,𝑘+1] due to the read
head and electronics. Then the read-back signal [r𝑗,𝑘]
samples obtained from the 2-D channel model, the
discrete-time signal can be computed as

𝑟𝑗,𝑘 =
𝑀

∑
𝑚=−𝑀

𝑁

∑
𝑛=−𝑁

𝑎𝑗−𝑚,𝑘−𝑛ℎ𝑚,𝑛 + 𝑛𝑗,𝑘 (3)

where 𝑎𝑗,𝑘 is random uncoded binary input bits, ℎ𝑚,𝑛 is
the 2-D discrete island response of the 2-D interference
channel coefficient, which covers (2M+1) bits and (2N+1)
tracks, m is the width of the 2-D channel in the across-
track direction, and n is the length of the 2-D channel in
the along-track direction.

For the 2-D channelwith a 3×3matrix span, it contains
9 bits, m = -1, 0, 1, and n = -1, 0, 1. When expanding the
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preceding read-back signal equation, which is rewritten
here for convenience:

(4)

3. FACTOR GRAPH-BASED DETECTION
Factor graph-based (FGB) detection is a factor graph

that can use a belief propagation algorithm for computing
marginal probabilities in distributions [26-28]. Hence,
the structure of the factor graph consists of two nodes
that represent the relationships between the factor node
and the bit node. A factor node is connected to a bit node
by an edge. In this work, a factor graph is used to describe
the 3×3 matrix of 2-D interference channel according to
Equation (2) for the message-passing algorithm which
represents the relationship between factor node and bit
node. The factor node represents the received read-back
signals, and the bit node represents the input bits. An
edge is connected between a factor node and a bit node by
using a posteriori log-likelihood ratio (LLR) information
[25], [32]. Therefore, the essentials of the FGB detection
lie in two steps at each iteration: the first step is that
each factor node passes its priori information to the
connected bit nodes, and the second step is that each
bit node updates its a posteriori information according
to the incoming information and then passes it back to
each factor node. Furthermore, we observe from Eq. (2)
that the 3×3 matrix of the 2-D interference channel is
very complex in terms of the number of edges between
the factor nodes and the bit nodes. Consequently, to
avoid 2-D signal processing with the complexity, the 3×3
matrix of the 2-D interference channel is reshaped into a
1-D data array with the sequential order before sending
it to the detector.

For a regular FGB detection, a region graph is formed
using this partial ordering, which is the message-passing
on the factor graph of the 2-D interference channel. For
example, a factor node [r𝑗 ,𝑘] passes the messages to
the connected nine bit nodes [a𝑗 −1,𝑘−1, a𝑗 −1,𝑘, a𝑗 −1,𝑘+1,

Fig. 2: The structure of factor graph in 2-D interference
channel for message-passing of factor node connected to bit
nodes.

Fig. 3: The structure of factor graph in 2-D interference
channel for message-passing of bit nodes connected to
factor nodes.

a𝑗 ,𝑘−1, a𝑗 ,𝑘, a𝑗 ,𝑘+1, a𝑗 +1,𝑘−1, a𝑗 +1,𝑘, a𝑗 +1,𝑘+1], as shown
in Fig. 2. Before sending the LLR information, each
factor node computes the reliability information based
on the read-back signals. When bit nodes received
the information from the factor node, they [a𝑗 −1,𝑘−1,
a𝑗 −1,𝑘, a𝑗 −1,𝑘+1, a𝑗 ,𝑘−1, a𝑗 ,𝑘, a𝑗 ,𝑘+1, a𝑗 +1,𝑘−1, a𝑗 +1,𝑘,
a𝑗 +1,𝑘+1] updated and sent back the information to the
connected eight factor nodes [r𝑗 −1,𝑘−1, r𝑗 −1,𝑘, r𝑗 −1,𝑘+1,
r𝑗 ,𝑘−1, r𝑗 ,𝑘+1, r𝑗 +1,𝑘−1, r𝑗 +1,𝑘, r𝑗 +1,𝑘+1], excluding the
factor node [r𝑗,𝑘], as shown in Fig.3.

In constructing the FGB detection based on a 2-D
interference channel that can be formulated as a convex
optimization problem. An FGB detection provides a
method to approximate marginal distributions, which
makes it suitable for the MAP (maximum a posteriori
probability) algorithm. The MAP algorithm is devised
to minimize the bit probability and to provide reliability
values of the decoded bits, which is the heart of iterative
decoding [25-27]. In FGB detection, the message sent
from form factor nodes n to bit nodes p is a posteriori
probability that estimates each received signal bit by
computing its log-likelihood ratio (LLR) L(𝜇𝑛→𝑝), which
is defined as

𝐿 (𝜇𝑛→𝑝) = log
Pr (𝑎𝑛 = +1|𝑦𝑛)
Pr (𝑎𝑛 = −1|𝑦𝑛)

= log

∑
𝐶𝑛;𝑥𝑝=+1

Pr (𝑦𝑛|𝐶𝑛
∼𝑥𝑝 , 𝑥𝑟 = +1) Pr (𝐶𝑛

∼𝑥𝑝)

∑
𝐶𝑛;𝑥𝑝=+1

Pr (𝑦𝑛|𝐶𝑛
∼𝑥𝑝 , 𝑥𝑟 = −1) Pr (𝐶𝑛

∼𝑥𝑝)
(5)

Next, formulate from Equation (5) to further simplify
the computation; the log-MAP algorithm can be used, i.e.

(6)
where 𝑟𝑛 is the read-back signal with AWGN noise, y𝑛 is
the received signal without noise, 𝜎2 is the variance of
an AWGN, and LLR information L(𝜇𝑟→𝑛) is used as the
message sent from the bit node r to the factor node n.
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In the opposite direction, each bit node receives the
LLR information from the factor nodes. The LLR of
a posteriori probability of the signal is used as the
information sent from bit nodes p to factor nodes n.
Therefore LLR L(𝜇𝑝→n) can be calculated as

𝐿 (𝜇𝑝→𝑛) = ∑
𝑟∈𝐷𝑝

𝑛

𝐿 (𝜇𝑟→𝑝) (7)

where 𝐷𝑝
𝑛 is the set of factor nodes connected to the bit

node a𝑝 excluding the factor node r𝑛.
In the first iteration, to proceed with the computation

of the LLR information, L(𝜇𝑝→n) is initialized to zero due
to all the input bits, which are considered possible values.
From the second iteration onwards, the factor nodes
will update the information by using the new incoming
LLR information L(𝜇𝑟→𝑛). These updating information
processes will continue until the last iteration is reached.
After a specified number of iterations, the output of LLR
information is given by

𝐿 ( ̂𝑎𝑛) = ∑ 𝐿 (𝜇𝑟→𝑛) (8)

Finally, the estimated data bit 𝐿 ( ̂𝑎𝑛) is then given by
the sign of its LLR as follows:

̂𝑎𝑛 = {
+1, if𝐿 ( ̂𝑎𝑛) ≥ 0
−1, otherwise (9)

3.1 Improved Factor Graph-Based (FGB) Decoder
In the BPMR channel, the 2-D interference channel

has been considered as a useful scheme to increase
efficiency in signal processing for communication of
the BPMR channel. In this work, we will divide the
recording channel into two channels that modify the
coefficients of the 2-D interference channel based on the
upper triangular matrix and lower triangular matrix. The
coefficients of the 2-D interference channel represent the
weights of the current channel from Equation (2). When
we just use an upper triangular matrix for the coefficients
of a 2-D interference channel. For convenience, the
2-D interference channel can be written as an upper
triangular target (H𝑢) of a 3×3 matrix as

𝐇𝑢 =
⎡
⎢
⎢
⎣

ℎ𝑗−1,𝑘−1 ℎ𝑗,𝑘−1 ℎ𝑗+1,𝑘−1
ℎ𝑗−1,𝑘 ℎ𝑗,𝑘 0

ℎ𝑗−1,𝑘+1 0 0

⎤
⎥
⎥
⎦

.

Therefore, the relationships of message-passing be-
tween factor nodes and bit nodes on the factor graph
are according to Equations (6)-(9). From the factor graph
considerations in Fig. 4, the 2-D interference channel
with upper triangular (H𝑢) shows the structure of the
factor graph, which the factor graph as a read-back
signal [r𝑗 −1,𝑘−1, r𝑗 −1,𝑘, r𝑗 −1,𝑘+1, r𝑗 ,𝑘−1, r𝑗 ,𝑘, r𝑗 +1, 𝑘−1] are
sent the message to the connected bit nodes [a𝑗 −1,𝑘−1,
a𝑗 −1,𝑘, a𝑗 −1,𝑘+1, a𝑗 ,𝑘−1, a𝑗 ,𝑘, a𝑗 ,𝑘+1, a𝑗 +1, 𝑘−1, a𝑗 +1,𝑘,
a𝑗 +1,𝑘+1]. When all bit nodes in the channel received
the information from factor nodes. Next, the bit node

Fig. 4: The structure of factor graph for message-passing on
2-D interference channel with upper triangular.

Fig. 5: The structure of factor graph for message-passing on
2-D interference channel with lower triangular.

[a𝑗 −1,𝑘−1, a𝑗 −1,𝑘, a𝑗 −1,𝑘+1, a𝑗 ,𝑘−1, a𝑗 ,𝑘, a𝑗 ,𝑘+1, a𝑗 +1,𝑘−1,
a𝑗 +1,𝑘, a𝑗 +1,𝑘+1] updates the information and sends it
to the connected factor nodes [r𝑗 −1, 𝑘−1, r𝑗 −1,𝑘, r𝑗 −1,𝑘+1,
r𝑗 ,𝑘−1, r𝑗 ,𝑘, r𝑗 +1, 𝑘−1] except for the factor nodes [r𝑗 ,𝑘+1,
r𝑗 +1,𝑘, r𝑗 +1,𝑘+1].

Similarly, for the 2-D interference channel with lower
triangular target (H𝑙), it can be written as

𝐇𝑙 =
⎡
⎢
⎢
⎣

0 0 ℎ𝑗+1,𝑘−1
0 ℎ𝑗,𝑘 ℎ𝑗+1,𝑘

ℎ𝑗−1,𝑘+1 ℎ𝑗,𝑘+1 ℎ𝑗+1,𝑘+1

⎤
⎥
⎥
⎦

.

Hence, we consider the factor graph on a 2-D inter-
ference channel with a lower triangular (H𝑙) structure,
which shows the message-passing on the factor graph.
Factor nodes [r𝑗 −1,𝑘+1, r𝑗 ,𝑘, r𝑗 ,𝑘+1, r𝑗 +1, 𝑘−1, r𝑗 +1,𝑘,
r𝑗 +1,𝑘+1] send the information to connect the bit nodes
[a𝑗 −1,𝑘−1, a𝑗 −1,𝑘, a𝑗 −1,𝑘+1, a𝑗 ,𝑘−1, a𝑗 ,𝑘, a𝑗 ,𝑘+1, a𝑗 +1,𝑘−1,
a𝑗 +1,𝑘, a𝑗 +1,𝑘+1]. Then, bit nodes [a𝑗 −1,𝑘−1, a𝑗 −1,𝑘,
a𝑗 −1,𝑘+1, a𝑗 ,𝑘−1, a𝑗 ,𝑘, a𝑗 ,𝑘+1, a𝑗 +1,𝑘−1, a𝑗 +1,𝑘, a𝑗 +1,𝑘+1]
propagate updated information to the connected factor
nodes [r𝑗 −1,𝑘+1, r𝑗 ,𝑘, r𝑗 ,𝑘+1, r𝑗 +1, 𝑘−1, r𝑗 +1,𝑘, r𝑗 +1,𝑘+1] but
will not send the information back to the factor nodes
[r𝑗 −1,𝑘−1, r𝑗 −1,𝑘, r𝑗 ,𝑘−1], as shown in Fig. 5.

3.2 A Combination of the FGB Detectors
For FGB detector design, we will refer to the two

targets with the upper triangular and the lower triangular
targets. Two FGB detection make the signal be in the
form of known levels of the given 2-D interference
channel with upper triangular and lower triangular.
From block diagram considerations in Fig. 6, which
illustrates an input bits sequence into two FGB detectors.
When the output bit z(u)𝑗,𝑘 of the 2-D equalizer (upper
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Fig. 6: Block diagram of a combination of FGB detectors.

triangular) goes into the FGB detector (upper triangular)
and the output bit z(l)𝑗,𝑘 of the 2-D equalizer (lower
triangular) goes into the FGB detector (lower triangular).
After that, each output from two detectors is combined
for input bit â𝑗,𝑘.

In the following analysis, we simplify the improved
FGB detectionmethod, which uses a soft output detection
scheme. Consequently, if each output of two detections
d(u)𝑗,𝑘 and d(l)𝑗,𝑘 is a summation of the weighted value
W (u) by using the relation

𝑊 (𝑢) =
𝑑 (𝑢)𝑗,𝑘

𝑑 (𝑢)𝑗,𝑘 + 𝑑 (𝑙)𝑗,𝑘
(10)

In the same manner, the weighted value W (l) can be
written as

𝑊 (𝑙) =
𝑑 (𝑙)𝑗,𝑘

𝑑 (𝑢)𝑗,𝑘 + 𝑑 (𝑙)𝑗,𝑘
(11)

where d(u)𝑗,𝑘 and d(l)𝑗,𝑘 are the output bits from two FGB
detectors in the upper triangular and lower triangular
parts, respectively.

When the corresponding output value s(u)𝑗,𝑘 is de-
fined as

𝑠 (𝑢)𝑗,𝑘 = 𝑑 (𝑢)𝑗,𝑘 × 𝑊 (𝑢) (12)

Consequently, the output value s(u)𝑗,𝑘 is given as

𝑠 (𝑙)𝑗,𝑘 = 𝑑 (𝑙)𝑗,𝑘 × 𝑊 (𝑙) (13)

From these relations, it is easy to show that the input
bit â𝑗,𝑘 estimation is a combination of s(u)𝑗,𝑘 and s(l)𝑗,𝑘
output values from both weighted values. Therefore, the
final input bit â𝑗,𝑘 estimation is then given by

̂𝑎𝑗,𝑘 = 𝑠 (𝑢)𝑗,𝑘 + 𝑠 (𝑙)𝑗,𝑘 (14)

where s(u)𝑗,𝑘 and s(l)𝑗,𝑘 are the output bits from the
weighted values W (u) and W (l) of two FGB detectors
with upper triangular and lower triangular, respectively.

Since this can be further illustrated if a basic input bit
â𝑗,𝑘 estimation is obtained in the form

̂𝑎𝑗,𝑘 = {
+1, if ̂𝑎𝑗,𝑘 ≥ 0
−1, otherwise (15)

4. RESULTS AND DISCUSSIONS
In the following analysis, we consider the BPMR

channel with an areal density of 3 and 4 Tb/in2 [21-22],

[31]. For our simulation parameters, the bit period (T𝑥 )
and the track pitch (T𝑧 ) are 13.2 nm for an areal density
of 3 Tb/in2. Hence, an areal density of 4 Tb/in2, the
parameters of T𝑥 and T𝑧 are 12.7 nm, which sets the
similar parameters of PW 50𝑥 along the track and PW 50𝑧
across the track at 4.2 nm and 8.4 nm, respectively. In
order to facilitate this work, the 2-D interference channel
matrix H with the size of 3×3 can be written as

𝐇3𝑇 𝑏 =
⎡⎢⎢⎣

0.0117 0.3724 0.0117
0.0315 1.0000 0.0315
0.0117 0.3724 0.0117

⎤⎥⎥⎦
,

and

𝐇4𝑇 𝑏 =
⎡⎢⎢⎣

0.0163 0.4008 0.0163
0.0408 1.0000 0.0408
0.0163 0.4008 0.0163

⎤⎥⎥⎦
.

The introduction of data bits of the BPMR channel
is read in the form of a 2-D page with 1,024×1,024
arrays. Following this approach, the 3×7 matrix of the
2-D equalizer is designed based on the minimum-mean-
squared-error (MMSE) [34-36]. The signal-to-noise ratio
(SNR) for channels can thus be defined as

𝑆𝑁𝑅 = 10 log10 (
𝐸𝑝
𝜎2 ) .

where 𝐸𝑝 = 1 is the peak signal of the read-back signal
and the 𝜎 is the additive white Gaussian (AWGN) noise.

In Fig. 7, we compare the BER performance of
the improved FGB detector with one to four iterations
on the BPMR channel at an areal density of 3 Tb/in2.
From simulation, the improved FGB detector with three
iterations has a similar BER performance as the four
iterations.

Fig. 7: BER performance of improved FGB detector with
one to four iterations on BPMR channel at areal density 3
Tb/in2.
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Fig. 8: BER performance comparison of improved FGB
detector, FGB detector and 2-D FGB detector at three
iterations.

Figure 8 shows the BER performance results for the
BPMR channel with an areal density of 3 and 4 Tb/in2.
We compare the BER performance of three detectors,
which consist of an improved FGB detector, an FGB
detector, and a 2-D FGB detector. In simulation, the
BER performance of the improved FGB detector has
more gains compared with the 2-D FGB detector and
the conventional FGB detector. For example, when we
consider the BPMR channel with an areal density of
4 Tb/in2, the BER performance of an improved FGB
detector is better than the conventional FGB detector in
SNR of 4 dB at BER =10−4. Moreover, an improved FGB
detector achieves a gain of about 2.2 dB over the 2-D
FGB detector at BER =10−5 at three iterations, because
the BER performance of the four iterations is similarly
three iterations.

In Fig. 9, we plot the BER curves versus SNR, which
evaluate the BER performance of each FGB detector
under the presence of the BPMR channel at an areal
density of 4 Tb/in2 with media noises. Media noise
indicates the effect of the size fluctuation and position
fluctuation in along-track and across-track directions
at 2% and 4%, respectively. From results simulation,
we observe that as media noise increases, significant
BER performance of each FGB detector deterioration is
incurred.

5. CONCLUSIONS
In this work, we have proposed improved FGB

detection from a 2-D interference channel based on
a factor graph in the BPMR system with an areal
density of 3 and 4Tb/in2. A 2-D interference channel
is segmented into two targets as upper triangular and
lower triangular factor graphs. Simulation results show
the BER performance that the proposed improved FGB

Fig. 9: BER performance comparison of improved FGB
detector, FGB detector, and 2-D detector on the BPMR
channel at an areal density of 4 Tb/in2 with media noises.

detector has more gains compared with the conventional
FGB detector and 2-D FGB detector. Moreover, an
improved FGB detector is better than an FGB detector
and a 2-D FGB detector on the BPMR channel with
media noise. Since the usefulness of the model is seen
from its application to capacity design and evaluation
of optimized detection schemes, which should reliably
reflect the detection processes of the 2-D interference
channel. But potentially have different detection and
operate at different 2-D interference channels to areal
densities.
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