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JITTIMA VARAGUL : DEVELOPMENT OF AUTOMATIC VISUAL
INSPECTION MACHINE FOR HDD MANUFACTURING PROCESS
THESIS ADVISOR : ASSOC. PROF. FLT. LT. KONTORN

CHAMNIPRASART, Ph.D., 136 PP.

AUTOMATIC VISUAL INSPECTION / VISION SYSTEM

This research is to build a laboratory prototype for inspection of completeness
of hard disk drive assembly processes. The inspection is required for external
completeness such as all screws must be tightens, bar code must be attached and
readable, print circuit board must be installing at the right position and securely
screwed. Hitachi Global Storage Technology (Thailand) Ltd., required inspecting
every hard disk drive before shipping to the customer. At the present time this process
is done by using human visual inspection this required training period for personal to
take this responsibility. However, workers who work for long period of time can be
fatigue and affect the inspection quality. This research is to build a laboratory
prototype for inspection of completeness of hard disk drive assembly processes by
using machine vision technology for inspects the completeness the hard disk drive
assembly process. Due to the coast of high resolution digital camera Hitachi Global
Storage Technology (Thailand) Ltd., required to use only one camera to inspect the
hard disk drive. This make this research divided into two major parts. First is design
automated mechanism to hold and rotated the hard disk drive to facing the camera.
Secondly, this research must be design machine vision system using LabVIEW and NI
Vision module to create a machine vision system. The two system must be

synchronized and work well with each other. This project complete all task required



and deliver the laboratory prototype that work perfectly. The mechanism can rotate
all six side of hard disk drive to facing the camera and the machine vision system can
detected all fault assembly of the hard disk drive with acceptable speed. However due
to production confidential of Hitachi Global Storage Technology (Thailand) Ltd., this

research cannot be exposed to public.
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Abstract - The objective of this research project is to
develop a prototype for HDD quality inspection.
HDDs that pass from this inspection are sent to
packaging process. Currently, manual labor is still
deployved to visually inspect physical appearances of
the drive, for examples, number of screws, label
alignment, twisted pins, dented or scratched mark,
etc. Expertise of such inspection can be obtained from
specific training process. The concept of this
inspection can he replaced by automated visual
inspection system. This kind of system can reduce
error from human labor and decrease time of
inspection. There are various kinds of vision
techniques that are suitable for this inspection which
depends on each detail of inspection conditions. By
using proper segmentation, pattern classification and
recognition, this visual inspection can be the
requirements of HDDs manufacturers. The number of
cameras which are used with automatic mechanism.
Should be minimized. Angle and focus of the camera
are adjusted in order to obtain the maximum number
of HDDs views and the lowest budgets of
manufacture. This project leads to implement an
effective full-scale automated visual inspection by time
and wasting rate reduction.

I INTRODUCTION

Currently, there are many HDD QC process in most
steps of HDD production. including the visual inspection
before packaging process. In visual inspection, manual
labor that has been trained for the visual inspection is still
deploved to visually mspect physical appearances of the
drive. However, this inspection needs the amount of labor
and the inspection time also affects the inspection quality.
A concentration of the inspectors reduces with time, on
the other hand. their eve fatigue 1s proportional to the
inspection time to obtain the labor training for this
inspection also takes long time to obtain the experts.
Therefore, this traditional mspection should be replaced
by the reliable tools which are equal to visual mspection.

Aims of this project are to design and develop the
algorithm in HDD QC process using the images that are

prescribed by  Hitachi
(Thailand) Ltd.

Global Storage Technology

II. HDD ASSEMBLY PROCEDURE
There are many series of HDD which need the multi-
step to assemble the drives. In this project, the assembly
HDDs size 2.5 inch were mspected before passed them to
packaging process. This inspection 15 used to be sure that
HDDs are perfectly assembled and they are ready to
deliver

appearances were spected in this project.

to the customers. The following physical

A. Top cover side: check the perfection of breather
filter which must be no missing and it must be clean
without dust clogging. The top cover must be no missing,
no floating, no slant. no scratch over the criteria and no
dent. To check text and its position on model label. there
must be no printing lack.

B. Connector side: check the perfection of connector

C. Card side: check the perfection & card screw
which must be no missing. no floating and no slant. Card
positioming pin on base must fit with the card hold. And
card must be no circuit damage and scratch

IIT. HDD HOLDER DESIGN PROCEDURE

Generally, three cameras are needed to capture three
sides of HDD. But the high resolution imaging camera,
which 1s employed in this project, is too expensive to use
three cameras for this mspection. At the same time. three
sides of HDD are orthogonal, it 15 inconvenient to reflect
all sides of HDD in the same focus of the camera. To
save the budget as much as possible, project team has
designed one camera usage to capture view. Automatic
HDD holder mechamism has also designed in order to
rotate all three sides of HDD while the camera is
capturing each side of HDD. Angle and focus must be
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the right position for view processing which require high
fineness and precision [1]. Holder mwust rotate HDD
quickly without shockload over the criteria of each HDD
series. Moreover., the control system and mspection
system designs must be highly precise. When HDD 15 m
the right position, the system will transmit data to the
computer. At the same time, the camera will capture the
side of HDD.

First. team designed the HDD holder that can be
rotate six sides of HDD to the camera and can adjust the
distance between HDD and camera which is constant
focus. This 1s because sides of each HDD series are
different. Team chose to develop the holder that can work
completely. However, users can revise the program to
wview the specific side of HDD.

This basic design was done by using SolidWork as
m figure 1. Then. each part was assembled in order to test
the motion of mechanism using SolidWork Simulation as
mn figwre 2. As the results of the simulation, the
mechanism works satisfactorily.

Figure 2 Show the HDD holder

The next step of this holding mechanism design
process 1s to buld the actual the mechanism. The project
1s under Hitachi Global Storages Technology (Thailand)
funding for all hardware and parts so it has to be done by
HGST supplier and have to do under HGST regulations.
The mechanism is in process of fabricating by HGST
supplier. The mechanism expects to complete and ready
for test at the end March 2010.

IV. INSPECTION DESIGN PROCEDURE

To mnspect the completeness of external part of HDD
using the vision system, the necessary devices are (1)
CCD camera. (2) Light source. (3) Computer and (4)
LabVIEW program with Vision Builder.

The first step of this inspection, all sides of HDD
were capture by CCD camera. The holder that had been
designed m section 3 was use to hold HDD. Next. this
holder moved the specific side of HDD to the front of the
CCD camera. The focus of CCD Camera was adjusted
appropriately. When the holder is in the right position, it
will transmit the signal to the computer that controls the
camera. Then this side view of HDD was captured by
CCD camera. After that, the holder rotated another side
of HDD to the front of camera. The focus of CCD
Camera was adjusted again. Then the side view of HDD
was captured by CCD camera. These processes were
continued until all sides of HDD were inspected. In the
second step, LabVIEW was employed to analyze the
images using Pattern Matching, Count Pixel and Golden
Master Function of Vision Builder. Figure 3 shows side
mspection of HDD. This side has the label and most
details of HDD.
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Figure 3 Show symbol and barcode mspection

Pattern Matching Technique was used to find the
difference of the mmage by using Normalized Cross-
Correction as mn the following equation [2]:

I-1E-1

C.7) =2 2wl f (x+1v+ )

r=l y=0
where ;=01 A -1
j=01..~N-1 and the summation is taken over the

region in the image where w and f overlap.

Because this side has most details of HDD, the image
of this side was separate into sub image. w(x.v) 1s a sub
image variable whose size 1s KxL. It is in the main image
size MxN. Where K=M and L= N. This mam 1mage and
subimage show in figure 4[2]
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Figure 4 Pattern Matching Technique

The Golden Mater Function Concept this technique
will use the different in image between image the
acquired by camera and the Golden Template or Master
Image. The program will compare the different between
two image pixels by pixels [2, 3]. This technique will use
in the common area of disk label and cannot be use n
barcode and serial number area because this area will
differ from disk to disk label.

For serial number we must use Read/Verify Text
technique this will use to inspection of completeness of
printing label text and number. Image of font type that
use on label must be loaded to LabVIEW library the
Read/Verify Text technique usually has 7 steps process
which show in figure 5 [2.4]

Acquiee
Inage
3

[ ovamye; |
3
OCR Sopamts
Each Charactor from
Image Background

4

OCR Extracts
Feature: Infosmafion
For Each Character

Figure 5 The procedure of using Read/Verify Text in
Vision builder program

The last area on label unit is barcode this area has to
be inspected as well as read to identify the number of this
unit. This also rechecks that the printed barcode on the
label are the same of the number of the disk. The bar
code reading will use build in function of LabVIEW.
Figure 6 show the inspection in this subarea on hard disk
label.

UMOO% 1 UUACIDEUDT |
S/N-LIDSA.TUA

Figure 6 Barcode strip mspection

Each side of HDD wall use the same technique in
inspection process. However some side of a disk do not
require Text Reorganization or Bar Code reader since
there are no text or barcode on that side, but the principle
are all the same. The user interface and programming of
LabVIEW have to do separately for each side of the disk
and the program have to run simultaneously for each side
of the disk. The program will report pass only all sides
are pass the computer vision inspection. Figure 7 show
the user interface of LabVIEW for inspection of HDD on
label side. This side has most detail for inspection and
most difficult to program in LabVIEW.

Figure 7 Example Vision builder program

V. RESULT AND DISCUSSION
This project has two major processes the first one is
design and builds the mechanism for holding the HDD.
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The design process was accomplished and was tested by
computer program. We are now in the process of
building the mechanism according to computer design.
The second task of this project 1s to write computer
program to inspect all sides of HDD using computer
vision inspection technique. This task was first test on
the hardness side of HDD, which 1s the unit label side.
The machine-analyzed time on this side has criteria of 16
second. We are testing our program for 50 units and the
average machine-analyzed time 15 15.2 second and non-of
the test has machine-analyzed time over 16 second
Using the faster computer CPU and programming
technique can mmprove this machine-analyzed time [4].
The other side of HDD i1s also test the results are also
satisfaction. The overall machine-analyzed time 1is
Hitachi Global Storages Technology (Thailand)
confidential and cannot be published.
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