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Abstract  

 

The bit patterned media (BPM) technology is a promising technology for the 

areal density of 1 Tb/in2 and beyond by overcoming the super-paramagnetic physical 

limit. Although, BPM has promised to achieve the high areal density, there are many 

problems to be solved. One prominent challenge is that the readback signal from BPM 

media is corrupted by two-dimensional (2-D) interference: inter-symbol interference 

(ISI) and inter-track interference (ITI) due to the close spacing between the bit 

islands. For a conventional 1-D interference channel, a maximum-likelihood sequence 

detector (MLSD), in particularly Viterbi detector, is normally applied for the data 

recovery system but its performance degrades in the 2-D interference BPM channels. 

Thus, using a 2-D detector, which can mitigate ISI as well as ITI, is essential for the 

2-D interference BPM channels. However, the trellis in the 2-D detector is 

constructed by incorporating the ISI and ITI, as a result, the computational complexity 

might be too high to implement practically. Due to the limited resources, the high 

complexity detector is not suitable for commercial magnetic storage, thus, the 

complexity of the detector for the 2-D channel must be reduced properly. Therefore, 

the main objective of the thesis is to develop the efficient ITI mitigation techniques in 

the 2-D detector with low computation complexity for the 2-D interference BPM 

channels.  

In this work, the ITI mitigation techniques of a symbol-based Viterbi detector 

and a modified Viterbi detector for the single-track processing detection methods 

from the literature are studied. In both detectors, the ITI mitigation is incorporated in 

the detection by extending the trellises. To improve the performance, we propose the 

new trellis designs for the modified Viterbi detector by considering more ITI 

coefficients in the trellises. The simulation results show that the proposed new 

trellises can improve the performance of the modified Viterbi detector for the BPM 

system at the high areal density.  

To incorporate the ITI mitigation without increasing the complexity, we 

propose to apply the multi-track processing in the detection of the 2-D channels in this 

thesis. First, we propose a novel ITI mitigation technique using multiple Viterbi 
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detectors with the aids of the multi-track processing. As an alternative to Viterbi-

based detection, we also propose a graph-based detection method for the 2-D BPM 

channels. Both of them employ an iterative processing to improve the BER 

performance. In the multi-Viterbi detection method, multiple Viterbi detectors are 

used to process multi readback signals, but they exchange the outputs with the 

adjacent detectors as the ITI information. The main advantage of this method is that a 

simple conventional trellis can be used in each detector. In the graph-based detector, a 

factor graph is designed based on the 2-D BPM channel and the message-passing 

algorithm is applied on it. Moreover, we also propose the variations of these two 

methods by improving the performance or by reducing the complexity. When we 

investigate the proposed detection methods with the 2-D interference BPM channels 

at various areal densities, the simulation results show that the proposed multi-track 

detection methods can mitigate the ITI more efficiently than the single-track detector 

for the 2-D channels. This enhancement is achieved because the proposed methods 

yield more reliable ITI information between the tracks from the multi-track 

processing. In the case of the channels with the media noise due to the size and 

location fluctuations of the magnetic islands, the two graph-based detectors provide 

the best performance similar to the system without the media noise.  

In addition, we propose new robust ITI mitigation techniques using a turbo 

equalization system based on multi-track processing. In here, we devise two turbo 

equalizations for the 2-D BPM channels. The turbo equalization system employs three 

soft-output Viterbi algorithm (SOVA) detectors and a Low-density parity-check 

(LDPC) code, and the second uses a graph-based detector and an LDPC code. We can 

see the performance gains over turbo iterations for all turbo equalization up to higher 

iterations in the simulation result. Based on the simulation results, the proposed turbo 

equalization with multi-SOVA can achieve the performance very close to the turbo 

equalization with the graph-based detector even though it needs relatively low 

complexity in the detector.  

Finally, we compare the computational complexity of all detection methods in 

this study. From the comparison, we can conclude that the multi-track processing 

methods not only can improve the performance, but can also help in the reduction of 

the complexity of the system. 
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