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ABSTRACT

To enhance quality control of the hard disk industry, visual inspection paradigm has been

shifted from human expert to automatic machine vision due to fatigue load of human eyes. In this

research, defect classification of hard disk surfaces was studied using method of local binary

pattern. The results reveal of applicability of the proposed method for hard disk inspection.
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Algorithm Computational time (s) for Defects
Scratch Dust Contamination Glue Contamination
TU (back) 7.171 7.56 7.1
LBP (back) 6.599 6.99 6.55
TU (front) 8.492 7451 7.321
LBP (front) 6.68 6.89 6.749
Average TU = 7.465 and LBP = 6.743
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Abstract

This paper presents an investigation of defect
detection of the surface of hard disk drive (HDD)
bases using local ternary and local binary
algorithms.  The two algorithms are first described
and examined on general performance. Comparisons
on  ease-of-implementation, accuracy, and
computational speed were carried out. The tests have
been done on a pattern recognition machine in a
rotational table platform. The results revealed that
both algorithms perform sufficiently well on the
defect detection.

Key Words: ternary system; local binary pattern;
hard disk; defect; detection

1. Introduction

With the constant effort to increase quality control
and attain “zero defects” goals, it is a need for making
machine vision systems to be powerful, easy-to-
program, and being cost-effective. Even though today
technology has contributed to satisfy this demand with
faster and more powerful PC platform, but one
problem still remains. It is algorithms, the
mathematics used for processing image data to
perform operation and decision, have not perfectly
well suited the problems in hand. The existence
algorithms [1-5] are dating back over 20 years which
have severely limited the performance potential of the
fast and easy to program system.

Most algorithms in open-source literatures possess
their laboratory heritage and cannot be ensured the
use for industrial environments. For the real-world
machine vision, the environment consideration
include strategically placed lighting, minimal part
scale change, detection for precise part position and
placement, strict limitations on allowable scratches
and contamination, hub rotation, and texture changes.
This environmental condition emerges inheritably
causing difficulty to use the direct approach of the
methods available in the laboratory to the industrial
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scale. If the industrial environments are enforced as
the conditions, the textbook algorithms, without any
modification, cannot operate properly and fail. Asa
result, the machine vision system cannot perform
properly and also fails at its task of automatic visual
inspection. This paper presents invesiization on
texture defect detection in searching for effective
algorithms for defect detection of HDD bases.

In [6], five commonly known methods have been
investigated, which are:

e Pixel-to-pixel direct method,

e Support Vector Machine (SVM),

* Signature method by Hash functions,

¢ Index method, and

* Method of rotational invariant.

The pixel-to-pixel approach is very straight
forward and is a common sense method to perform.
The method is derived from the simple [ that there
is at least a different between the reference (OK)
image and the defected (NG) one. Two images are
pre-processed and then compared to each other. The
changes in the pixels indicate the location of changes
in the sample compared to the reference under the

pass/fail criteria. The shortcoming o[ tIis method is

lied on the fact that it is sensitive 10 (he background

noise contaminated during image capluring process.
SVM [7] is a neural network algorithm which can

be employed to predict OK/NG samples. Like a
typical neural network scheme, a training set of data
is prepared as an input entered to the maoic black box
comprised learning algorithms. Allcr e teaching
procedure, error of model has been reduced to zero,
the model is now obtained. A test set of data needs to
feed into the model to verify the accuracy. Like any
neural network architecture, drawback of this method
is illustrated by inadequate learnine by fow defect
samples to be learnt. In fact, ma ries have
been adopted six-sigma defect crit in <o that few
defects were obtained and not adequaic (or learning.
Hash function is one way function which generate

the signature function s[m] , from the image matrix,



I,,., - With the unique property created each

signature for each image data, each defect case can be
recognized as a signature in detection database
corresponding to each type of classification. The
recognition can be done by comparing testing
signature with a reference. Nevertheless, this
algorithm still has problem for being too sensitive to
noise and dislocated image.

The classification process of the Index method can
be easily performed by comparing each index to the
reference ID. An index can be defined as a set of
energy, entropy, correlation, inertia, or any other
image features. The inputs for the index method can
be obtained from a co-occurrence matrix in [1]. This
could lead to computational burden compared to the
LBP and LTP which will be mentioned later.

Method of rotational invariant for the frequency
domain has been developed in [9]. This method can be
effectively used to identify differences between two
images regardless orientation of the images. Since the
phase of transformation is not taken into account, the
method cannot be employed to pin point the defect
area. Another drawback is that a transform procedure
like Fourier transform is needed. This is not
economical computation for real-time testing.

As mentioned in the above, defect detection and
classification by utilizing texture characteristics of a
surface of an object has been introduced. Besides the
aforementioned, many methods have been proposed
and compiled to be textbooks. Among various
algorithms for the texture recognition, a method
named texture unit and texture spectrum (TUTS) in
[2] has been proposed in 1990 by He and Wang using
ternary number system for assisting calculation. The
method is interesting in the sense of reducing
computational complexity compared to method using
co-occurrence matrix [1]. In addition, the procedure is
quite simple and can be done only a few step of
computation. A successful example of employing this
method is provided in [3].

The local binary pattern (LBP) with similar
terminology and concept using binary system has
been studied in [5]. In [5], a comparison between
LBP and TUTS on metal strip inspection reveals no
significant difference in term of classification
accuracy but the former was faster in computational
speed. For convenience and parallel ideas, the TUTS
is called local ternary pattern (LTP) throughout this
paper. However, our problem in hand is different
from [5] by which the surface of a HDD is coated
with different material. Moreover, the industrial
environment is not exactly the same. The objective
of this investigation is to compare general
performance between LBP and LTP for defect
detection of HDD bases.
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2. Brief review on the algorithms

This section provides a brief review on the LBP
[5] and LTP [2] for defect recognition. For LTP
algorithm, a 3x3 matrix containing 9 clements of
pixels is considered. Given v, as a value or an
intensity of grey level at the middle of the referent
cell and v; as the value of the grey level of the i-th cell

surrounded the middle cell, with the thre<hold 7, we
can assign the ternary system for icioiive values
between a pair of middle cell and i's ncizhbors. A
texture unit is defined as a set TU ={E,, E,,.... E,}
where £ (i=1,2.....8) and

0 if v,—v,<-T

E={1 if -Tsy- (1)
2 if T<y -

An index which is a sum of each pair of product
of £, in Equation (1) and weighting values in Fig. 1 is
assigned to make a unique character [or each number,
The index of texture number c: hown in
Equation (2).

30 3| 32
3 o
36 35 34

Figure 1. Weighting values for texture number as index

8

NTU = Z Ef * 3i—1

i=| -

(2)

Examples of the calculation can be found in [2].

For LBP, £, in Equation (1) will be reduced to merely

be 0 or 1; whereas, weighting values in Fig | can be

changed the base from 3 to be 2 with the same
exponents. The rest of the calculation i< "> same.

3. Hardwares

A machine has been built as a test bed for testing
the two algorithms. Stations and connection diagram

for detecting defects on the surface « mponents
of HDD bases can be shown in Fig. ording to
the diagram, Station 1 is used for cli |iv: the hub of

the HDD base; Station 2 is employed (or checking at
the front; and Station 3 is used for checking at the
back of the HDD base. Each station is connected to
cach other via the KVM switching. [n proctice, it is



important to ensure that the image resolution is
adequately set; hence, lighting system is a key
element for machine vision. Our machine use green
light produced peak signals matching the same
quantum number of the cameras’ sensitivity at the
optimal wavelength for electron-hole regeneration.
During operation, an operator in the clean room
feeds samples to the machine. The machine then
turns the first sample in the position at Station | for
checking any defect at the hub of the sample. The
decision making for OK(passed) / NG (No Go or
defect) will be made when the round table turns back
for a complete cycle within 18 seconds. In other
words, each station has 6 seconds for detection
process. This includes pre-processing time in order
to prepare the raw image suitable for image analyzing
process. For NG decision making, a cylinder will
push the NG sample to the collecting place at Station
4 separated from routine check without stopping the
entire process. Figure 3 shows the top of the
rotating table of the hardware prototype and the
corresponding concept is described in Fig. 2.

and Mouse
Monitor 1 P-—.
Monitor 2
i | 1 KVM

ST i
Mouse Switch

Cable

Hub | [ From | | Back
__[—: 2 3
Camera Cable
Figure 2. Stations and connection diagram for the defect
detection

A PLC is used as the control unit for conveying a
sample to each station. To guarantee the same
capture position in preprocess such as filtering,
orientation correcting, and masking for the HDD
base, the sample is locked during transfer by means
of pneumatic control. A standard safety for alarms
and hazard prevention is also implemented. For
example, the system will be halted if any extruder is
accidentally passed though a curtain of IR sensors at
the front side of the machine to prevent injury for
operators. The turning table has three walls to limit
the background light noise during detection and for
safety reasons during operation. The open front has
an infrared light curtain to prevent an accident from
collision or cutting fingers and hands of the operator

by the turning table when the oro:
entering the stations during the oper

Figure 3. Major components of the

4. Results

To validate the effectiveness
algorithms claimed from the liter
the algorithms are implemented
purpose of presentation, the figure
and plotted by MATLAB versiol
the hub has four free-rotated |
phenomenon causes complication |
reference and difficulty in justific
tests for these algorithms are
implement at the first station. Ot
be employed to deal with this situ
in the scope of this study.

In this paper, we use Station 2
capture the testing images at the fr
of the 2.5 inch-HDD bases, 1
captured images for NG decision arc
5 for defect detection at the front
of a HDD base. The correspondin;
using the LBP and the LTP algori
Figs 6 and 7. The processing time |
LTP algorithms is also compared

CPU in use is a 518MHz mobile A’

224 MB of RAM. According
processing time on average for LD
of LTP. This can be expected
calculation for texture units whi
reduced by the order of exponents |
el
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Defect Checker on img

Figure 4. Scratches on the front side of a HDD surface
is classified as “NG."

Defact Checker an img

Figure 5. Scratches on the back side of a HDD surface
is classified as “NG”
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Figure 6. Texture spectrum obtained from the detection at
the front side
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Figure 7. Texture spectrum obtained from the detection at the

back side
According to Fig 6, the upper corner <ohplat (1.1)
on the matrix corresponding to the pectrum
using LTP. A peak is located at mber at
3,280 or at the middle of the spectrui, mcaning that

the local texture of the surface is homogencous.
Similar to the LTP portion, the LBP referent figure is
shown on the upper right of the matrix or the subplot

{(1:2): Unlike using LTP, 1t IS
representation on the texture spec 1own by
peak of the texture number at the | r at
the right-most of the spectrum. In (1is case, a
breaking of symmetry occurs because only two
numbers, “0” or “17, are used for ct tinn instead
of using ternary in which “0” is in ted in
the middle. The lower left sub; and

lower right corner subplot (2,2) a:rc re ults of the
detection by LTP and LBP corresponding to the

above same column as image references. Remark that
it is easily seen, in case of scratchino on the surface.

the coated material is peeled off \ r
color surrounded with black ‘ S
experiment, criterion for rejection for

scratched area is larger than one : li A
Figure 7 presents the texture spectrum [or back side

of a HDD base.

Table 1. Time usage for detecti~

Computational tin: ]
!\I!:u”mm REED (‘l\III;Ill)I';I;\It;IE 101
LTP (back) | 7.171 7.56 |
LTP (front) | 8492 7.151 R
LBP (back) | 6.599 6.99 )
LBP (front) 6.68 6.89
Average LTP = 7.465 sec | |




5. Conclusion

This paper presents further investigation on
performance comparison in term of ease-of-
implementation, accuracy and computational speed of
the algorithms for defect detection of surface of HDD
bases using LBP and LTP. The two methods are
recognized as easy-to-implement algorithms and are
simple computational ones compared to other
conventional methods [1.4]. The LBP method gains an
advantage over LTP on computational speed from the
reducing of the number of quantization level and
having more compactness of texture spectrum for
ease-of-implementation. However, in term of
accuracy both methods are not significantly different.
The results are agreed with the report in [5] even
though the two researches employed different
materials. For detection speed, there is a room for
improvement when the faster CPU is employed. This
should be integrated into the final prototype.
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Effect of Recessing Return Pole Gap on

Side Track Erasure
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College of Data Storage Technology and Application
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Bangkok, Thailand, Email: n_jinjakam@yahoo.com

Abstract— In this paper, we present an experiment of Return
Polel (RP1) gap with larger range of gap recess on recording
performance, in particular, Side Track Erasure (STE) on
continuous media. We set up an experiment by varying RP1 gap
and recess to measure the STE performance based on BER loss
at 100k write cycles. Four features of the writer were built: 1)
with RP1 gap=900nm, recess=900nm, 2) with RP1 gap=900nm,
recess=2000nm, 3) with RP1 gap=200nm, recess=900nm and 4)
with RP1 gap=200nm, recess=2000nm. It is found that the writer
Feature 2) shows slightly better STE performance than other
features which means that RP1 gap and recess have less sensitive
to STE performance.

Keywords Side Track Erasure, STE, Erasure

| INTRODUCTION

ccently, an exciting new magnetic recording technology

was introduced into hard drive storage. Perpendicular
magnetic recording (PMR) offers greater data densities to be
stored on the disk surface than longitudinal magnetic
recording (LMR), meaning that it allows for larger capacity
(GB) hard drives to be developed.

In a conventional LMR head, the magnetic field for writing
is generated from a thin non-magnetic gap in the ring head,
and it has a higher longitudinal component than perpendicular
component. In PMR, the media has been magnetized and
oriented in the up-down direction. To achieve efficient
writing, a PMR write head needs to generate fields having the
perpendicular components stronger than the longitudinal
components. As illustrated in Figure 1, a “single pole” PMR
head combined with a soft-under-layer (SUL) offers a strong
perpendicular write field, while the longitudinal component is
much reduced.

The second-generation technology involved changes to the
write head; the write-head is modified by placing a “trailing-
shield”[1] spaced closely to the trailing edge of the pole-tip
where the data is recorded, as in Figure 2. This can impact the
field-strength slightly but has a great advantage in that the
fields die away very rapidly as the medium moves from under
the pole-tip to under the shield. This rapid gradient in field
means that the bits that are written can be much more sharply.

Wimook Sethanandha and Pitikhate Sooraksa

Department of Information Engineering
Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang
Bangkok, Thailand, Email: kspitikh@kmitl.ac.th

inductive Write Element

Top: Longitudinal recording diagram
Bottom: perpendicular recording diagram

Figure 1.

[
disk motion

Soft Underlayer
(SuL)

data gets written here

Figure 2. Cross-sectional schematic of a trailing shield head a thin magnetic
shield placed in the proximity of the trailing edge of the writing pole.



The unique feature in the perpendicular system is the “soft
magnetic under layer” incorporated into the disk. This under
layer conducts magnetic flux very readily. When the write
head is energized, flux concentrates under the small pole-tip
and generates an intense magnetic field in the short gap
between the pole-tip and soft under layer. The recording layer
that stores the data is directed in this gap where the field is
most intense. Higher fields allow “higher coercivity” media to
be used. Such media require higher fields to set the
magnetization, but once set, the magnetization is inherently
more stable.

The field from a PMR write-head is generated from the pole
surface, collected by the SUL and return to the return pole.
Figure 3 shows the corners of a rectangular pole will cut into
neighboring tracks when the head is operating at a skew angle.

In drives, the head has a skew angle with respect to the
track direction when the head operates at inner or outer radii.
Fabricating a narrow trapezoidal pole with a well-controlled
bevel angle is essential to prevent the fields from the pole
surface erasing data in neighboring tracks [2].

Rectangular Pole

: ’Aﬁ-: s .:v‘a 2 l‘."‘ _\" o
-y IRRIRRRRR BT

#+—— Head Travel

Trapezoidal Pole

Figure 3. Trapezoidal pole shape in a PMR write head to avoid data erasure
in neighboring tracks when the head is operated at a skew angle, e.g., at inner
or outer radius.

II.  ERASURE IN PERPENDICULARS RECORDING

In perpendicular recording, substantial erasure of the stored
data patterns can occur during the writing process. Among all
those erasure processes, side track erasure (STE)[3] is one of
the critical issues in drive head/media integration. Unlike the
adjacent track erasure (ATE) process[4], the locations of the
STE affected areas are often many tens of tracks away from
the central writing track location.

As illustrated in Figure 4 the strong return flux in SUL 1o
return pole can erase the stored data during writing process,
this erasure called STE. For ATE, the erasure of the stored
data occur at adjacent track due to leaking flux from the write
pole itself, the locations of the ATE affected area close to
written track.
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ERASURE TRACK ERASURE

Figure 4. Erasure in Perpendiculars Recording

III.  EXPERIMENTAL METHOD

Figure 5 shows a spin stand tester used to measure STE as
follows. First, full piezo range -300~+300 uin erase. Second,
write data tracks from +150 to —150 uin and read Bit Error
Rate (BER) of all tracks location as initial BER, the equation
used for calculation of BER shows in (1). Third, the head is
repositioned at the center track and writes data up to 100000
cycles with 120 mA of write current. Fourth, re-measure BER
of each tracks location every 10k, 30k, 60k and 100k write
cycles.

BER = Log (Number of errors/Total transmitted bits) (1

Figure 5. Spin stand tester

For evaluation heads, we separate all heads to 4 features by
varying RP1 and gap recess to measure the STE performance
based on BER loss at 100k writes cycles. Four features of the



writer were built: 1) with RP1 gap=900nm, recess=900nm; 2)
with RP1  gap=900nm, recess=2000nm; 3) with RPI
2ap=200nm, recess=900nm; and 4) with RPl gap=200nm,
recess=2000nm. Figure 6 illustrates head structure in cross
section view by lapping slider from left side to the center of
the slider. At left section view we can visualize Return
Pole1&2, Coil, Front Shield (FS), Write Pole (WP), Yoke,
Leading Shield (LS) and Gap. Figure 7 illustrates enlarged
view of the head structure from figure 6

e

Left Section View

Head structures in lefl cross section view.

Figure 6.

Return Ploe2

Return Ploe1

Figure 7. Enlarge view of Head structures.

Figure 8 shows two parameters for varying on RP1, which
are Recess and Gap to validate the effect of them on STE
performance,

H

Figure 8.

Recess

The location of Recess and Gap on Return Pole |

The decision making criterion for having good or bad STE
performance is that; if Delta BER (Final BER — Initial BER)
greater than 1 decade, the poor performance is obtained.

IV. RESULTS & CONCLUSION

Table 1 summarizes experimental results. Results are as
follows: F2 indicates lowest STE failure compared to others,
while F1 indicates worse STE failure. Comparison between F1
and F2, we found that F1 shows less STE performance than
that of F2. For F3 and F4, F3 shows slightly better STE
performance than F4.

However, all features yield poor results implying that both
gap and recess have less sensitive to STE performance,
although we adjust gap and recess range from 200-900 nm and
900-2000 nm.

TABLE L EXPERIMENTAL RESULTS

17 of 19

17 of 18 17 of 20

% of STE failures ] say 79% 85% 89%

Figures 9-12 show Delta BER vs. track location plot on F1
to F4. The origin 0 along the X-Axis represents center track
and +/-2, +/-3 to +/-9 are tracks away from the center track. Y-
Axis represents Delta BER.

We found that all groups show high Delta BER (>1
decade) around the center track at 50 uin. Preferably, the
Delta BER should be less than | decade. According to the
results, it is obviously to see that varying recess and gap on the
head provides weak impact on STE performance. This
confirms results in Table las aforementioned. The new design
needs to be substituted the current one in order to satisfy the
desired performance.
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Figure 9. Delta BER vs. track location of F1.

| F2 Gap-Recess : 9002000 nm
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Figure 10. Delta BER vs. track location of F2.
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Figure 1 1. Delta BER vs. track location of F3.
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Figure 12. Delta BER vs. track location of F4.
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