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ABSTRACT

Hard disk drive industry is growing years over years with many new
technologies. New technology always has a challenge in reliability. The determination
of the reliability failures is another challenge. As in any industry, the drive industry
reliability test takes long test time and almost needs to wait till the end of the test
to determine the results. This delay has an impact in cost and the product launching
time. In order to avoid the time delay, the decision making in current practice is
normally done based on the early results during the reliability testing. This paper
focuses on predicting the reliability failure based on the parametric data using
combination of Homogeneous and Non Homogeneous Classifier with Negative
Correlation (NC) on Neural Network (NN) fusion techniques. The results show that the
combination models which have the most robust performance with higher level of

accuracy. By this way the test time could be very well reduced.
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industry to achieve on this expectation. This paper is explained from early reliability
prediction (ERP), design for reliability, reliability demonstration (RDT) test through
mass production including field operations (field performance tracking and
evaluation). The field failure rate pattern of Hard disk drives and Quality/Reliability
program plan includes AFR and MTTF discussed.

In [4], Eduardo Pinheiro, Wolf-Dietrich Weber and Luiz Andre Barroso presented
and analyzed the correlation between failures and several parameters that affected
hard disk drive life time based on data gathered from a production internet services
deployment. The parameters in SMART are Seek Error, CRC error, Power cycles,
Calibration retries, Spin Retries; Power-on hours, Vibration and Temperature studied.

In {5], Bing Ping and team introduced the new algorithm to predict the drive
failure based on SMART attributes by using Back propagation neural network. They
compared the ANN prediction model between Back propagation (BP) algorithm and
Support Vector Machine (SYM) model. A real-word dataset 23,395 drives is used to
train and test the predictive model. The experiment result shows that BP neural
network is higher prediction accuracy as compared to SVM technique and gives

better result than the previous works.

In [6], Zhi-Sheng Ye, Yu Wang investigated Wiener processes with measurement
errors. It was compared with the traditional Wiener process with positive drifts
compounded with iid. Gaussian noises, and improved its estimation efficiency in
comparison with the existing inference procedure.

In [7], Loon Ching Tang and Dong Shang Chang presented a frame work for
reliability evaluation from nondestructive accelerated degradation data (NADD) by
using power supply units to perform the experiment. The relationship between the
parameters and the associated stresses is explored using regression. The failure-time
of power-supply units is modeled by the Birnbaum-Saunders distribution, for which
the confidence bounds and tolerance limits can be easily obtained. The result shows

that it can give better results.

2.4 Intelligent Classification in HDD quality and Reliability
To understand the concept of this research, there are several papers
reviewed that relate to this topic. The paper is organized as follows;
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In (8], Hirokazu Takahashi and Narade Pecharain presented the reliability of
neural network with 3 types of patterns whether the judgment of NN is right or
wrong. Researches on pattern recognition using NN have mainly been studied about
the speed of training or the recognition rate. This paper pays attention to the hidden
layer and extracted output of the units on hidden layer. The results show that the
reliability rate of NN is calculated by using 3 types of training data to achieve a high
reliability rate.

In [9], Joanne Beechta Dugan and James Watterson presented a simple method
to improve reliability by using neural network. In this paper, they addressed the
problem of estimating the reliability of neural network. The effectiveness is based on
inherent reliability of the component duplicated. This methodology can apply to a
variety of neural networks and utilize any several models for component failure

mode.

In [10], Meyer, Sebastian; Wohlrabe, Heinz and Wolter, Klasu-Jurgen presented
the proposed method to predict the quality and reliability for BGA solder joints by
comparing with the conventional statistical technique. The back propagation
networks (BPNN) and radial basis function networks (RBFNN) were studied. The results
demonstrate that a comparison of two neural networks is better than the BPNN
approach.

In [11], Yong Liu, Xin Yao and Testusy Higuchi studied evolutionary ensembles
with negative correlation learning (EENCL) to address the issues of automatic
determination of individual neural networks (NNs) in an ensemble and the
exploitation of the interaction between individual NN design and combination. This
paper presented the evolutionary with EENCL for designing NN ensembles
automatically based on negative correlation learning and evolutionary leaming on

the basis of evolutionary programming.

In [12], Huanhuan Chen and Xin Yao analyzed the NCL and pointed out that
NCL was prone to over fitting the noise. This paper proposes regularized negative
correlation learning (RNCL) algorithm which incorporates an additional regularization
term for the ensemble and demonstrates how to decompose the training of
ensemble into a set of sub tasks. The result shows that RNCL is as ensemble learning
algorithm that addresses drawbacks of NCL and the noise-robustness characteristic of

RNCL is important when contaminated with noise.
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In [13], Shuo Wang and Xin Yao proposed a new negative correlation learning
(NCL) algorithm for classification ensembles which had better performance than the
standard AdaBoost and other NCL algorithms. This paper gives insight into AdaBoost.
NC algorithm can produce less correlated ensembles and improve classification

performance.

In [14], Y. Liu and X.Yao presented learning approach negative correlation
learning for neural network ensembles. They used time series for 3 years to study
and show why negative correlation learning worked. It was trained simultaneously
and interactively through the correlation penalty learns in their error functions. Then,
it uses a totally different error function. The experiment result shows that negative
correlation learning can produce neural network ensembles with good generation
ability.

In [15], Kittiphan Pomdoung and Yuttana Kidjaidure presented the classification
techniques to recognize and reduce defects on the media surface in Hard Disk Drive
(HDD) manufacturing. This paper presents a statistical feature extraction technique
with rank-level fusion based on neural networks to improve recognition and
classification of media defects, discriminant function, regression trees and neural
network to improve recognition and classification of media defects. The experiment
results show that the purpose method is capable of improving the classification
performance- significantly, which is better than both conventional fusion and
individual classifier. Based on the finding, they finally proposed a rank-level Fusion
with neural network as a based automatic recognition system to classify the media
defect patterns.

In [16], Waraporn Taepin and Yuttana Kidjaidure presented how to predict the
customer failure by using neural network rank-level fusion. The goal is to classify the
empirical data in two classes namely “Pass”/”Fail” based on customer failure data
set that focused on Head Disk | interface group failure mode. Principle component
analysis (PCA) is used to eliminate the complexity of input before put through the
classifier model. There are four classifier methods namely neural network,
discriminant analysis, bayes networks and support vector machine studied. Neural
network’ gives the result better than other classifiers. Therefore, neural network lank-
level fusion technique is used for consolidating rank output of each classifier and
compared with Borda count and Logistic Regression method. The result shows that

neural network rank level fusion gives higher prediction accuracy than other methods
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In [17], Minlong Lin, Ke Tang and Xin Yao presented a selective NCL new
approach algorithm for incremental learning to address the exiting learning problem.
It was fixed by the size of the ensemble to a predefined number. Then, the
ensemble was cloned and trained using negative correlation learning when a new
data set presents. After that, the new trained is combined with the previous to a
larger ensemble. The advantage of proposed method dose not eliminate the
previous trained neural networks directly. However, It outperforms the GNCL on
accuracy because multiple neural networks are introduced to learn the new data
sets and its size does not increase with the new coming data. They compared the
exiting two methods namely the Fixed size SNCL (FNCL) and the growing NCL (GNCL)
for evaluating the proposed method. The results show that SNCL gives better results
than GNCL and FNCL technigues. )

In {18], Trupti Pathrabe and Dr.N.G. Bawane presented a paper currency
recognition system using ensemble neural network (ENN) technique. It used three
characteristics of paper currency as size, color and template. The paper focuses
recognition system used to negatively correlate ensemble neural network. When

noise pattern is applied, the network will be able to recognize.

In [20], Ahmed Z and team were studied the failure rate prediction for aircraft
tires of three De Havilland Dash-8 airplanes using neural network and weibull
regression model. Neural network use the feed-forward back-propagation algorithm
and the result shows that the failure rate by approach ANN is better than

conventional weibull model.

In {21], Di Xu Ph.D, Wenbiao Zhao Ph.D presented a degradation modeling and
analysis approach involving multiple degradation measures. Reliability prediction is
based on degradation modeling which can be efficient. In this paper, there are two
techniques to model and analyze the system. The first proposed method is the
correlation between the degradation measure and the failure which use a logistic
function to define the probabilistic measure. The second method is a state-space
model to describe the evolution of the degradation process by degradation
dynamics and random stress effects. Finally, the degradation dynamics are used to
predict the reliability functions.

Based on several topics of literature review which contains of reliability, neural
network, negative correlation and neural network fusion techniques are discussed,
we found a relationship of among technique and can then be applied the develop
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feature extraction technique to predict the reliability of Hard Disk Drive. We greatly
study and adapt those very useful features to our research.
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From table 4.6 shows the prediction results of pass/failed for neural network
modelling constructed. The experimental result shows that at the full test 100%
provides the highest accuracy at 95.56%. However at 27% of full test time, there is
the accuracy more than 90% and we can conclude that the prediction can be
compromised. As a result, the reliability test process can be saved by 70%.
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Chapter 5

Conclusion and Future Work

5.1 Final Model

In this paper, we have studied and proposed the new algorithm by predicting
the recording head reliability degradation based on parametric data, namely the bit
error rate which is the most significant factor that relates to head failure. The
combination of Homogeneous and Non Homogeneous classifier with Negative
Correlation (NC) on Neural Network (NN) fusion techniques is used to obtain highest
recognition accuracy.

The first approach is multi non homogenous classifiers which consist of neural
networks, discriminant analysis and K-mean cluster techniques to classify the
empirical data for predicting the pass/fail of bit error rate degradation pattern and
then combine with negative correlation that work as a selective best model prior NN
Fusion. The experimental results show that the prediction accuracy gives more than
93%; however, the disadvantage of the predictive model is a complex system and
obtains lesser prediction accuracy. Therefore, we have proposed the second
approach which uses pool of ten neural networks or homogeneous classifier. The
predictive model is used to feed forward back propagation algorithm and log-sigmoid
transfer function. The experimental result shows that the prediction accuracy is given
more than 95% after combined with negative correlation and NN Fusion which is
significantly improved in comparison with the previous approach method.

The both types need a NN fusion to combine their outputs to give the final
results, the experiment gives the results that the two proposed methods can be
achieved by competitive generalization performance and they have the most robust
performance with accuracy level more than 90% and Homogenous NN Classifier is
highly recommended due to lesser complexity in implementations and better
accuracy.

In the final step of study, we apply the various ranges of input data (25%, 51%,
84% and 100%) for both approach methods, the result shows that the predictive
model able to obtain a robust performance even smaller of input range with an
acceptable accuracy level not less than 90%. By this way, the test time could be
very well reduced.
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5.1 Future work

The predictive model is not flexible to apply for all programs due to
different drive configurations and technology. We need to study the other critical
parametrics to feasibility with various failure modes and enhance the predictive
model ability prior to implementation in mass volume. In the future, to
implement this predictive model for real time monitoring, it requires more
experimental results with a variety of HDD product segments such as Datacenter,
Desktop and Mobile. Since each product has built with different magnetic
recording heads, recording media type and different technologies are

constructed.
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Appendix A
Acronyms, Definitions and Symbols
This thesis document uses the following set of Acronyms, definitions and Symbols

ANN : Artificial Neural Network
LDA  : Linear Discriminant Analysis
NN : Neural Network

RDT  : Reliability Demonstration Test
BER . Bit Error Rate

VGA  : Voltage Gain Margin

VFR  :Virtual Failure Rate

TTF  : Time to failure

BP : Back propagation

BLP  : Base line pop

BLN  : Base line noise

COW : Cold over write

EM : Error Margin.

HDF  : Hard Defect

HFW : Hly Fly light

SPT  : Single Plug Tester

HDD  : Hard Disk Drive

NC : Negative Correlations

AFR  : Annual Failure Rate

SNR  : Signal noise ratio

MSE  : Mean Square Error

PRML : Partial-response maximum-likelihood
MRR  : Magnetic Resistance Ratio
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