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ABSTRACT,

Nowadays;~hard disk drive industry is ‘the one important industry because
data storages are) necessary for human life. The impertant component of ‘hard disk
drive is the Head Gimbal Assembly '(HGA). " The method to build HGA has the
electrical inter connection:with laser soldering in automation process.; Currently, the
automation laser-soldering can generate the defect HGA part. Four types of defect
types which'are bridging, burn, no connect,.and missing! The inspection method on
defect parts is,completed by operator with 30X 'microscope. The operator must be
completed the learning process of shape-between the good part and defect part.
This research focuses,on theinew automation concept for inspection the HGA circuit
in each type. The new automation process is7an algorithm via computer with the
image processing and clustering technigues. The.proposed technique for determining
the optimal method and features for this problem is branch and bound search
technique. As results indicated, the accuracy of clustering technique is more than
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2.6 mIvmunUszianeesdoya (Classification)
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74 4

2.7.2 Mmsdangudayadedslalawu (Kohonen Clustering)
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Angle data on 300 samples
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CentermassY data on 300 samples
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Perimeter data on 300 samples
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The best accuracy results from Branch and Bound
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Clustering Results
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3D Scatterplot of Final Centroid on 517th position
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3D Scatterplot of ZTC017
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3D Scatterplot of ZTC101
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Abstract. Head Gimbal-Assembly (HGA) is an importang feature of read und
write process.in a-Hard Disk Drive (HDD). Currently, HGA cireuitiinspections
are done using human operators undur microscope: the vision processing for in-
spection in‘automated systems is reynired. This research work proposes an ul-
gorithm for detection the HGA circuit defect by using the blob detection; and
then anulysis the properties of blob tool: By the mueasurement properties of the
blob tool, the- K-Means Clustering can specify the dita in each groupin 93.45%
accurucy with [ L0 samples.

Keywords: Head Gimbal Assembly. Hard Disk Drive, Blob Detection, K-Means
Clustering.

1 Introduction

Currently, imuge processing is ane of the popular choices for inspection process. New
technologies with-high performance are required for HDD manufacturing process [ 1-4].
The HGA circuit defeet 38 one of the key factors that impact the read and write perfor-
mance of HDD. The HGA tircuit test bas been done by clectrical inspection incase of
open und short.circuit only. It still be i problem when the elcctrical parametriciis within
specification from the HGA variation but the vision imuage found the abnormal connec-
tion ares,

Nowadays, the.image processing hasa lot of features for analysis, In HDD' manufac-
turing process, the automatic inspection in each defect-type is required and the accuracy
and repeatable results are very important. Fig. | shows the diagram of 2 part of HGA
process.

Inmomirg hﬁsll:'ﬂ.li, rﬂu(.!’ﬂ PEeis EeGaven
* ugendm "“"‘-:‘d"':"’_““" Cinaital sisgersizn
L i Lioe ard shder

Test dectrcal
nestonmance

=) Grevtinpecton

Fig. 1. Diagram of a Hard Disk Drive Pracess
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In HDD industry, the new technology in automatic systems is very important, The
HDD manufacturing processes always develop and improve for the production speed
and product quality. The one important thing in HDD manufacturing is the tool for
inspecting the output failure in each type. The different failure has come from the
different root cause. Quality improvement will be the high efficiency when specifying

the correct root cause. The clustering method is required for classification [2].

2 Vision Processing and. Clustering
2.1 Input Image

T'his paper proposés the using ofuipurimuge fig Thermaldnterconfection machine
by integratip€ gie industrisd-camern pitaithe mifching The vistorrSystems eomiposes of
the progressive scanmECB-with squure pixels) VEA Tesolutionrof 659 x 494%nd LED
ring light with red LED: Fhemechaniéal setupofimaehine Torvisiea.system Wsas the
reflectiop’ concept by fixing the' dnpte’of/clamp, Thelreflection'device is adoptedifor
captyripy the unage becalisethe conpnectign/drey of BGAd oL Tal, thEsan angle on
the HGA The HO Axdefect ifitages e shoWnin Fig: 2,

Fig. 2. Image of HGAcSvcuit: (al, TH1,4WedandiCimilre cgumples of waod, Bhdae. burn,
missing, and ntscomunecy parl, respectively

2.2 Image Processing

In this research work, we developtd=the-imase prucessing and clustering on the
Cognex VisionPro Quickbuild Version 7.2 The concepts used in the processing are
the PatMax for pattern training by feature-based matching, create the fixture coordi-
nate system and then analysis the image by blob tool. The blob tool is a vision tool for
detection and analysis of two- dimensional shape within an image, Blob tool concept
is the process to separate the pixels between the regions of interest pixels or blob pix-
els and background. pixels. The example of blob image is shown in Fig. 3.
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Fig. 37 The example ofbIohpixéls\andHacK gfodnd pisets on image

The blobMa6] has ability (0 Theasufe the properfics ofaf image. Three measute-
ment properges from blop ool used inpthisresearchowork ace the Elorgation, Perfmes
ter, and/Aéircularityi=thest properticsiresiiiin dif¥erent Teatures these are-useful p
clusteging process. The diiférentfeatures. Show' the differentyCharigtenistics for each
inputduta. The desdriptivn jof each4Cature jsshown in the Jollowines.

The' elongation is the dividing of thé.second moment of incrtis.hetwees minor axis
and miajagaxis & Thefsecand moment of incridas diven byt 1) whieh3§ the.calculbas
tiop of thesmoment of thertizabout the Secomd prncipal axis 0f the'bidh; TheElongu-
tion ganbe compued by (28

"l'} :j’,i(-\' ."'J'.-\.’zd.\' )
; Myl
Fiongation =-=3gi -
Wy s

Thetpegmetr is thefength o he Bytside edge of 2he bfob (hat s computed by
countinghe,number of pixel &dges)

Acirculagity is ihe measuring indesyof thelaek oF citelddtity™of the dlob that 4s
computed by\hedividite of squiresoFPémicitand/Areaol the blob Airculdt iy is
given by (3),

P2
b

C is the Acircularity, P is the perimeter of the blob and A is the area of the blob [1].

(3)

2.3 K-Means Clustering

K-Means Clustering is the technique for classification the data in each small
group. The concept of this technique is based on the dividing the group in k groups.
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process will be applied until the mean value in each group is not changed. Fig. 4
shows the brief diagram of this technique.

Initial group centroids by l

place K points into space

Recaleulate the
i position of centroids
Assign object to the group
that has the closest
centroid

Centroid
no fonger
mave?

All object
has been
assigned?

Fig. 4. The pracess step of K-Means Clustering

K-Means clustering process has-the calculation function for clustering data. The
distanee calculation uses the .data point and: centroid point 10 “define the minimum
distance value which is the Euclidean distance. The Euclidean distance equation is
given by (4) when vector x= (¥}, x2, ....x,) and another vector Y= y2x). [5]

D, ) = (4

The Euclidcan distance shows that the relationship between data pointand centroid
on this group is minimized.

3 Experiment,Results

3.1  Blob Analysis

The blob analysis of . Cognex vision pro’ program are used for analysis the
classification of the HGA image“in.cach defect type. This paper proposes the soft
threshold in relative type by 40%wlow._threshold and-60% high threshold. The
measurement results in cach group of input image are on the Table 1,
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Table 1, Blob measurement propertics with HGA group

Mceasurement propertics

Group
Elongation () Perimeter (pixel) Acircularity (-)
Good -106.075 11416 1.903
Bridge 3R.RI19 14.248 2.544
Bury 29.019 3.898 1.906
Missing 12.020 6.099 1.488
No-connect 28.466 T.145 1.568

32 K-Means Clustering Resuht

This research work /wiilized the KeMeans_for clustering-the' mcasurerment
properties from blob detection.#n the algorishi, the Kevahue was speeified as S and
the repeat testing was.done in 10-Umes. The clustering results of'all. 10 testing.results
were the same. The center point of cach) group \is changed a litde. bil in the
repeatability testing, The sample size in this experiment is 110: the sample. size of
good, bridge. bum, ‘missing, and. no-councct groups are .30, 27, 11, 22, and 20
samples, respectively, - The results in Table 1 show the group propertivs separales] by
the final value off centraid. With this_result, the good perfarmanes from’ K-Means
clustering is achieved with the 95.45% accuracy. The 4.55% errors are from the burn
parl and ne sonnect part; however, this defect is able to be clussified by psing the
electrical tester in the HGA process.

“Acircularity® 1D

Fig. 5. The raw data and clustering group resulis
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in each part is the one thing that impacts the clustering performance. Currently, this error
is fixed by using the electrical testing process in HGA production line.

4 Conclusion

The experiment shows the performance of K-Means Clustering when using the blob
analysis on the HGA defect type. The results show the accuraey of 95.45% with 110
samples. In this experiment, the incorrect clustering is the burnand'no connect defect
which is able to'be classified-by the electrical tool inthe-process line. The effective
measurement properties are adeguate for clusteting and ihis technigue was applied to
the production line in the HGA manufacturing.

Acknowledgement. This-work was supponted by Seaaate Technology {Thailand) Co.,
Lid. and DSTAR, KMITL under grant no. SOW#15298().
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Abstract: In Hard Disk Drive (HDD) Industry, the automation system is the one key for manufacturing process. Head
Gimbal Assembly (HGA) is a part of HDD which have the reader and writer circuit. The HGA circuit is very important
for read'write process. This rescarch propases the new vision technique and clustering by Fuzzy C-Means algorithm for
HGA circuit inspection in 3 groups. HGA circuits in 3 groups arc good, bridging, and missing group. The bridging and
missing groups are the defect group. Blob analysis is the onc of vision technique that it can measure the propertics of

image. The measurement propertics from blob anal ysi i ring technique. Fuzzy C-Means Clustering is
the clustering technique which is grouped men 1 [ bascd on the natural grouping of
data. From the experiment results of T ! clustering suzzy C-Means Clustering is
99.11% accuracy bascd on the propertics in blob analysis with 225 sai
Keywords: Hard Disk g ad Gimbal A\\\K&k:)/ -.,\/mclustcrin
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This rescarch studies the clustering on the HGA
circuit in 3 types. The first onc is a good part. The
sccond and third images are the hridging and missing
defect respectively. The example of images is shown in
figure 3.

solution.

This research studics the measurement propertics in
blob tool and compares the measurement propertics in
cach input image. The sclected properties are
Acircularity, Elongation, and Perimeter.

Acircularity is computed by the square of perimeter
and divided by area. Equation (1) is the equation of

:: Acircularity when C is Acircularity, P is the perimeter
- » and A is the arca of th: blob. This pammeter describes
- - the Clrﬂl_lhl’ value of an image.
-x a cn_ o
-— - 4z A
= - Elongation is the ratio of the second moment of
-— o incrtia between minor axis and major axis. The major
P a re specified from the rotation of the
(2) is thc cquation of
(a) C Elongation.
; M stz 2
Fig. 3 Example of an e, . A
@) good part, (b »&.s’? gth that if lated from
@ interest” | pixel
cdgeE-b o cro value pixels al i, value
The vi ST ixelEW, { Tafculation. ision
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biomedical and C-Mcans, u:ctwg to i (1 medical,
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for touch-screens proc ﬁn | cance! cqﬂlb and » scgmentation
image such as retina ima, T to aral L ﬁs y [ R]°
blob concept as well [7]. Boche Kent in Fuzzy C-M 1 nigue to group the data

[8] have proposed the hardwarc
detection. They studied and developed the prot
speed but it still consume more time than a software
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& s. The minimization of the
jos ion is given by cquation (3).
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The membership grade is the degree of membership
in the cluster j. The center of fuzzy cluster is represented
byc and m is greater than ar equal 1. All of data point is
defined in matrix U. The membership function and
cluster center are given by (4) and (5) respectively.

5 4
iy *
3

T
=)

3.1 Vision Processing Results

The blob tool analyzes the input image™®
cach group. The thresholding setting is the sof
thresholding in relative mode with 40% low threshold

and 60% high threshold. The output result of blob tool
is the measurement propertics in cach region of interest.
Based on the measurement propertics from  blob
analysis, raw data has the problem of clustering. The
accuracy looks bad. It's about 33.33% accuracy with
raw data. However, it can fix the problem by re-scaling.
The mcasurcment  propertics were  re-scaled by
multiplying the constant value. The mean value of new
data after re-scaling is shown in figure 6.

e

"

¢z

g —"
mean valuc of Mg
Stns a

fter e i

troid value after training process is shown in
table 1. Cluster number represent the data of bridging,
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