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The aim of this research was to design and develop prototype machine for
screw inspection by computer vision system. This prototype can reduce labor and
higher efficiency for the reused screw inspection. The good screws are separated from
the defective screws. Before the screws are reused, they need to be inspected their
completeness and their damage. Presently, the screw was manually inspected by
operator. Therefore, researcher has developed the prototype for screw inspection by
automatic control system for labor saving and increase performance of HDD
manufacture. This research is creating knowledge inside to creation and design
machine that have automatic control system that involved high precision and lots of
details. Moreover, machine which use the image processing system, by capture the
head slot of screw picture from digital camera and link to LabVIEW program for
analyze and synthetic with mathematics algorithm. This will apply inside to automatic

inspection by picture.
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(modal filtering) 48215050390y an 1M 1as 1410 1d1H 81U (Gaussian smoothness filter) ¥4
. a o a o 1 I
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[ 1 d' ] 1 =Y QEJJ ad = =
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A Aana AR o Y] ~ 9 S J
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2 .
nuanesy (fourier transform)
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Y a Y o A
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g(xy) =T [f(xy)] (23)

Tagh  f(xy) AedoyanwdrunTud I (Input)
g(x,y) feawmildlszananands
{ o w - o w

T Aonszuaumsninuileddu ( f ) Tagazinugadiafssves (x,y)
FY A o 9 =) Y Q Y
aremsnegihgednufeanlszuanadie dwnsoi 1
Tagl¥amavaesy 1390199250031 HEININ (mask)
A Y . o Ao Y
NIONENAN (window) M1ATOUAUMNATUNN

Y 2 Y A

uaz Inyanenanuesniaegiye
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(Gonzalez and Richard, 1993) Taaaeunisn 2.4
h(r,) =n, (2.4)
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= o ~
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[
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1 1 1
1 1 1
1 1 1

U0 2.17 amdAuniiuaznmniingzuIUM3 low-pass filtering 10814 median filter AT

YUIAUDI convolution kernel (N1 5x 5

ad (A = £ g Aaa A = Yy
911035WT i us Ty Fudlunisdszulramaninluianud Tastunisla
- 2 . v o da 2
NuRAUTIQFU (convolution) 111 g(x,y) Wugduvuamniiasinasuligsuvesnin
I v o a ) 1 A .. . .
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aumsfi 2.5 udr [dmadiaySesnauesufuaumsi 2.7 Aoz Idaumsii 2.8
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G(u,v) = H (u,v)F(u,v) (2.9)

1 4
e F(u,v) Ao ANBIMNAUDY histogram flattening
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9
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msutassyfisesnimesundu waea I8 luaunisi 2.10
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g(xy) =3 [HUVF V)] (2.10)

an A ' A :JI
yrivesnisdszuranamnluiiaanudaenisnial H(u,v) Mmugauiuv
Yy Y J 9y
'lﬂ&nmmﬂmaﬂum‘zﬂnmawaﬂaumwmu

2.3.3 MSUENUSIN (segmentation)
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4 a
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2.3.5 mﬁ‘imuﬂ%’ﬂquazmmﬂ‘;mmﬁmﬂ (classification and interpretation)
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1) NADIAINDA (digital microscope)

2) XY-table

3) mdluomes nleufudiundeunenes (driver)
4) DATMITVUITYANT (tray)

5) ADUNIADS (personal computer)

6) DAQ card for LabVIEW program

7) uviassie I (power supply)
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l4iundesde dino-lite digital microscope ﬁﬂmﬁuﬁﬁﬁ’ma"lﬂu

1) resolution 640 %480 pixels (VGA)

2) frame rate up to 30 fps

3) power of magnification 10X-200X

4) built in LED lighting

5) interface USB1.1

3191 3.11 ndeq digital microscope N 191 uAToloAT VTRV EAN]

3.4.2 XY-table
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viganyuFias1drduaaeuitaonldarniunuy M804 (HIGH PERFORMANCE
MINIATURE MICROSTEPPING DRIVER) Aaiauifavesddunaeuaidiluemes fitiaail

1) 39190

= <

2) Hywaan

3) amnsasulvldgede 48 vDC

4) ansnne il lageds 3 AMPS RMS 4 AMPS PEAK

5) aunInsudaaa clock 1@NINDI 10 MHz

6) aunsndiudyanaiadaesoumsiinulang 51,200 step/REV

Power supply
Control Sflglt)(i)lrlg
interface
O ©
Pl o P2
N/C-PLl:1 — WE@ @ |— P2:8-Motor A
Step Clock-P1:2 —| () é:g = @ |— P2:7-Motor A
Direction-P1:3 —| @& D — [:::n @ |— P2:6-Motor A
Opto Supply-P1:4 —| @ D @ |— P2:5-Motor A
Enable-P1:5 —| @ g @ |— P2:4-+V (+12 to +48 VDC)
Reset-P1:6 —| @ S @ |— P2:3-Ground
Fault Output-P1:7 —| @& @3 - £ F F] @ |— P2:2-Current Adjust
On-Full-Step Output-P1:8 —| @ - @ |— P2:1-Current Reduction Adjust
Ul moms Q
O s ©

= = ¥ @ A . 9 o A A
:.i,‘lh/] 3.14 518010890V UNADY (driver) FIMIUVATOINDATIVADUANY
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A15719% 3.1 ﬂﬁlﬁdlf’f]llﬁlﬂ IM483 1182 519a2108AN1511 191184 connector P1

Pin # FUCNCTION DETAILS

1 N/C No connection

A positive going edge on this input advances the motor one
2 Step Clock Input | increment. The size of the increment is dependent upon the

settings of the resolution select switch SW1

This input is used to change the direction of the motor. Physical

3 Driection
direction also depends upon the connection of the motor windings.
This +5VDC input is used to supply power to the isolated logic

4 Opto Supply inputs. A higher voltage may be used, but care must be taken to
limit the current through the opto-coupler
This input is used to enable/disable the output section of the
driver. When in a Logic HIGH state (open), the outputs are

Enable/Disable
5 enabled. However, this input dose not inhibit the step clock,
Input

therefore, the output will update by the number of clock pulses (if

any) applied to the driver while it was disabled
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A15190 3.1 MI¥eNAD IM483 UAZI1PALIDIANITRINUVDY connector P1 (71D)

Pin# | FUCNCTION

DETAILS

When low, this input will reset the driver (phase outputs will

6 Reset Input disable). When released, the driver will be at its initial state (Phase
A OFF, Phase B ON)
This output indicates that a short circuit condition has occurred.

7 Fault Ouput

This output is active LOW.

On-Full-step

Output

this open collector output indicates when the driver is positioned at
full step. This output can be used to count the number of full steps
the motor has moved, regardless of the number of microsteps in

between. This output is active LOW

A1519% 3.2 ﬂ"lilsldfi’)llﬁli’) IM483 182 519a2198AN511 191484 connector P2

Pin# | FUCNCTION DETAILS
Phase Current Reduction Adjustment Input. A resistor connected
Current between this pin and pin 2 will proportionately reduce the current
1 Reduction in both motor windings approximately 5 seconds after the last
Adjust positive edge of the step clock input. The amount of current
reduced will depend upon the value of the resistor used
Phase Current Adjustment. A resistor is connected between this
Current pin and P2.3 (GND) to adjust the maximum phase current in the
? Adjustment motor. A resistor MUST be connected to this input or the IM483
WILL latch into fault.
3 GND Power Ground. The ground, or return, of the power supply
4 v Motor Supply Voltage. +12 to +48VDC
5 Phase B' Phase B' of the stepping motor
6 Phase B Phase B of the stepping motor
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A15190 3.2 MI¥eNAD IM483 UAZI1PALIDIANITRINUVDY connector P2 (¢1D)

Pin # FUCNCTION DETAILS
7 Phase A' Phase A' of the stepping motor
8 Phase A Phase A of the stepping motor

=

Tunsaii ludesmsliuemesuyunsvaziie v ldvaaia aunsnildlae
Y

9 1 [
MIA9AT R red “ﬁﬂ‘ﬁﬂ,ﬂﬁﬂﬂﬁhﬂ"ﬁﬁ 3.2

RRed :500X (Iranx IHold)/(I run -IHoId) (32)

! 9

A [ o 3 s Y
LD Irun 9 MNTTUAEINS UMV NI NADINS (0.4-4 Amp)

A
i
A
i

lgg A0 Anszuaidoans a1y 0.2-4 Amp)

A 3 o A ' 9 v d’l
Tagd 1., duawnsoihmadenal lavinaiseasse 1

M3°190 3.3 Anszud |, 910 current adjustment

Output Current Output Current
resistor Value (Ohms 1%) resistor Value (Ohms 1%)
(Amps Peak) (Amps Peak)

0.4 200 2.4 1210
0.6 301 2.6 1300
0.8 392 2.8 1400
1.0 499 3.0 1500
1.2 590 3.2 1580
1.4 698 34 1690
1.6 787 3.6 1780
1.8 887 3.8 1910
2.0 1000 4.0 2000
2.2 1100 - -




NOTE: Resistor leads should
N Be as short as possible to
Minimize the amount of noise
Coupled into the driver

Current Adjust Resistor
1/8 W 1% E—

P2:2

Reduction Adjust Resistor
1/8 W 1%

NSRS )

b G

{ " q¥ . . . . .
3 U9 3.16 M3saa 11U current adjust resistor L01& reduction adjust resistor

3.4.4 MANHMTUVIIYAN] (tray)
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b I R R R R R R A
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FERD AN EREED

e e B R E M
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311 3.17 madmSvvssgangdmsunToaliensaaeuang
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3.4.5 Personal Computer
o Y A o A 1 o 1 9Jq ¥ IS @
mwmmﬂumwamemimamizmng%qmuamﬂumﬂﬁxmawaﬂan
3 I 1 o ] a 4 M) ]
VBNISUU w%’aumgﬂummmmwamsmammummaumai Iﬂ&lﬂjﬂﬂ?ﬂﬂuﬁ\‘lﬂuﬂ1u

TaJ50n53 LabVIEW

d' a o’d‘ 9 a
317 3.18 ADNNAADIN 1HIIUDTS

3.4.6 DAQ card for LabVIEW
o Y A g S A 1 A [ 1
DAQ card for LabVIEW 11111t ugi/nsaliyeudeuaz doasnuszning
g 1< 1 Y l
software 118 % hardware 11U #1415 151U PCI-MIO-16E-4 DAQ card ivzgnussgogniolu
ADUNUADST LAUIITUDINILYNUITTYDIMOUBNADNTAADS A ATONADA A IBTITDYADY )

19U @18 USB
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517 3.19 DAQ card S5 uATRINOATIVTOUAN]

SCXI-1327

{ a qa: a J
31U 3.20 M3AAAI DAQ card MeTunounInD3
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Abstract— Hard disc drive (HDD) is widely used in data
storage system, both of commercial and high end products.
Therefore, hundred thousands of HDD was built, daily,
majority of them from main manufacturer in Thailand.
One of the most common parts to assembly HDD is screw,
which are small size, cleanroom grade and effect to HDD
quality. Screw is taken off from HDD when it has to be
reworked. In the view of cost saving, the screw has been
attempted to be rensable parts. Manual screening and
checking is currently used to verify the screw appearance.
However, human error in the screening/checking processes
is often found and may lead to other issues, such as
contamination problem, leak test fail and poor appearance.
This study aims to develop auntomatic prototype to
screen/check the screw to prevent human error and make
more reliable of reused screw. The image processing
technique was employed to separate reusable and damage
screw. Screw tray was moved on X-Y table that controlled
by LabVIEW., Cycle time is approximately 1.8
second/screw was  obtained with approximately 97%
checked correctly. The prototype of this study is expected
to develop for higher 100% corrected, shorter cycle time,
optimal screw tray moving path and automatic damage
screw picking off system.

Keywords-component; HDD; Serews Image processing;
LabVIEW

L INTRODUCTION

Hard disc drive (HDD) is currently one of the most
important electronics devices in data storage system.
HDD is widely used in both consumer products such as
DVD player, camera, TV and high end product. It is
known that Thailand is the world’s HDD manufacturing
base. Well known HDD marnufacturers and suppliers
have located their plant in Thailand and also closed
region to shorter supply chain and increase customer
service level. However, the economics crisis forces them
to focus on cost reduction. Many means have been
carried out such as moving forward to automatic
processes, researching on high performance material and
reusing of some materials. In the HDD manufacturing
processes, all drives will be tested to verify quality and
performance. Some of them have to be reworked to
convert fail HDD to be good product. As the screw is the
common parts that use to fix and assemble the HDD, the

first step of rework processes is screws loosening. For
instance, PCB card fixing screws, top cover fastening
screws, etc. As much as the quantity of reworked HDD
is increase, number of waste screw is more than ten times
of them. Therefore, in the view of cost saving, taken off
screws are attempting to be reusable part. Presently, the
screws have been 100% visual checked by microscope.
Head slot conditions of the screws were used to classify
damage screw and reusable screw. However, the screw
matal inspection process is depended on human factors
such as decision criteria, eyes performance after hours,
emotional effect, etc. It should be advantage that screw
inspection and judgment can be carried out automatically.
This study aims to design and built the prototype of
automatic screw inspection system by using image
processing,

II.  SCREW CHARACTERISTICS

Figure 1. HDD's screw head

Screw used in HDD manufacturing is  small,
cleanroom grade and effect to HDD quality. The screw is
tightening with specified torque to assemble parts of
HDD together. Therefore, screw head pattem, so call
head slot, is very important for torque controlling and,
finally, effect to leak performance. Unlike screw thread,
the head slot is easier to distort after tightening and
loosening. Moreover, the head slot also affects to HDD
appearance that are wvaluable for customers.
Consequently, this study use only head slot conditions to
classify damage screw and reusable screw. The screw of
PCB fixing for 2.5” HDD is selected for designing the
inspection system due to their high possibility to take off
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and large numbers of screw is used. The drawing of
screw head is shown in Figure 1.

A.  Reusable screw

The reusable screw is screw that can be tightening
with specified torque by typical assembly tool
Therefore, there is still having good conditions around
head slot without any distortion or burr around head slot
edge. Figure 2 shows head slot of reusable screw.

Figure 2. Example photo of head slot of reusable screw

B.  Damage screw

The damage screw is screw that difficult to re-
tightening or shows poor appearance. For example;
burned spot at head slot edge. protrusion or distortion of
head slot. These damage appearances may occur during
cither tightening or loosening processes. The examples
of damage head slot indicate in Figure 3.

Figure 3. Example photo of head slot of damage screw

III.  EXPERIMENTAL PROCEDURES

A. System and prototype designing

The screw inspection system and prolotype were
designed based on image processing technique. The
screw was designed to lie on screw tray by 13 rows and
18 columns. The tray was sit on XY table. 125 mm.
stage travel, drove by step motor. Digital microscope.
640 x 480 pixels VGA, was fixed above screw tray. with
separated based to avoid vibration from the XY table.
Screws were inspected step by step synchronized with the
movement of XY table. The inspection system was
designed and controlled by using LABVIEW 8.0 via
DAQ card. Result of inspection was recorded and
displaved on computer. Configuration of the prototype is
shown in Figure 4.

Figure 4. Configuration of screw inspection prototype

B.  Decision criteria

Based on the decision criteria described above. the
damage screw should has bigger head slot than cither
new or reusable screw. Therefore, the head slot area was
used as decision criteria in this study. Several reusable
screws from factory were inspected and head slot area
was calculated by image processing technique described
below. The maximum value of head slot among them
was set as decision value to separate reusable and damage
screw. The higher head slot area was classified as
damage screw due to the higher value might imply the
distortion or protrusion of head slot during tightening or
looscning. In this study. the maximum value of 9,685
pixels was set as boundary value.

. Image processing

Photo of screw head was took by digital microscope.
The photo was processed to delete unnecessary parts of
the photo [1]. [2]. The final image that remained only
head slot edge line [3]. |4] was brought to analvzed. The
roughly image processing step was shown in Figure 5.
Head slot area was computed by LABVIEW [1] in pixel
unit. The area value was processed to compare with the
boundary value and. consequently. classifying to either
reusable or damage screw. The result of inspection was
indicated on computer display as “PASS™ or “FAIL" and
exported to record in MS EXCEL for picking off the
damage screw by vacuum tube.

Figure 5. Image processing step: from screw head photo to head slot
edge line.

D.  Screw discrimination procedure

In this process, the damage screws were removed
from the trav by using the vacuum generator. This
machine transforms the pressure force of the air pump
into the suction force by passing the air through the




vacuum ejector. This vacuum ejector is also the major
part that is used for screw suction. It is directed by the
program through solenoid. The status of the vacuum
(Vacuum ON or Vacuum OFF) depends on program
instruction. The vacuum will be off when the screw
passes, On the other hand, it will be on when the screw
fails. Then, this damage screw is removed from the tray
by suction. The removed screws are kept in the filter of
screw which is used to separate the damage screw from
the vacuum ejector. When the damage screw is sucked
and bump to the internal wall, it will fall into the funnel.
The damage screw will be discarded until the filter 1s full
of the screws. This filter must be regularly checked for
the leakage. If there is the leakage. the vacuum also leaks
itself. Thus, it cannot suck and remove the screw from
the tray

Figure 6. Vacuum Ejector and Filter of screw

E. Moving path and control

Screws were lie on the tray and tray sit on XY table.
The XY table was controlled by LABVIEW via DAQ
card and drove by step motor. Open loop moving steps
were set [or appropriated interval of screw tray pitch and
image of screw head was took when XY table is stop
during steps. The moving path was set like square wave
pattern and return to the starting point for next screw tray
operation. Moving path of XY table and inspection flow
chart was shown in Figure 7 and 8, respectively.
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Figure 7. Moving path of XY table
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Figure 8. Inspection flow chart of screw inspection processes

F.  Inspection test
234 classified screws were used in inspection test.
There are mixing of both reusable and damage screw.
Digital microscope of 50x was set 30 mm above screw
tray. All light sources, except camera light source, were
closed to control light intensity at the screw head.
Inspection was carried out and operation time was
measured since XY table start moving until 234 step
screw Inspections and return to the starting position.
Inspection results were compared to known screw
classification.
IV.  RESULTS AND DISCUSSIONS

Figure 9 shows image of head slot that remained only
edge line. The head slot area was compared with the
boundary value and classified to be reusable or damage
screw. The results of comparison were exported to
record in the form of M3 EXCEL pattern as shown in
Table I. The recordwill be further used for advance
improvement of this study such as damage screw picking
off system.

Figure 9. Compared to values measured with the audit standard

TABLE L. PREVIEW DATA RECORD IN THE FROM OF MS EXCEL
PATTEEN
PASS PASS PASS PASS FAIL
PASS PASS PASS FAIL FAIL
FAIL PASS PASS FAIL FAIL
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PASS PASS PASS PASS FAIL
PASS PASS PASS FAIL FAIL
PASS FAIL PASS PASS PASS
PASS FAIL PASS FAIL PASS
PASS FAIL PASS FAIL PASS
PASS PASS PASS PASS FAIL
PASS PASS FAIL FAIL FAIL
PASS PASS FAIL PASS FAIL
PASS PASS FAIL FAIL FAIL
PASS PASS FAIL PASS PASS

A.  Inspection test

The inspection test was carried out for 10 times on
the same screw set. It was found that this prototype can
be used for screw inspection and yields 100% of
reproduction result.  However, this image processing
system indicates approximately 97% corrected results
compared to pre-classified results (classified by factory
operator). The wrong classification was analyzed by
focusing on such screws. Causes of error was discussed
and shown in Table I1.

TABLE II. SCREW HEAD CONDITION AND CLASSIFICATION
Screw head Classification by Classification
conditions operators by this study
Dark tone color around | Considering head Damage
head slot slot condition
Very small scratch on Considering head Reusable
head slot edge slot condition

From Table II, the dark tone color leads to damage
classification by image processing in this study. This
case may not cause any manufacturing problems because
the damage screw will be taken off from manufacturing
line. On the other hand, the other case may vield some
problems when a damage screw was classified as
reusable screw and sent back to manufacturing line.

However, the very small scratch case is also very difficult
to classify even by skilled operators because it is
depended size and position of scratch.

B. Inspection test

The prototype can inspect one tray of 234 screw and
return to starting position. Cycle time of about 1.8
seconds/screw was obtained. It was found that the cycle
time for image processing process is approximately 1.3
seconds and for waiting time of damage screw picking
off and data exporting to M5 EXCEL is approximately
0.5 seconds.

V. CONCLUSIONS

The screw inspection system and prototype was
designed and built. The prototype can be used to inspect
screws and yield 97% corrected result compared to pre-
classified result. Cycle time of 1.8 seconds/screw was
obtained. The result of inspection might reliable and be
used instead of operator. The prototype should be
improved in decision criteria to protect error from very
small scratch. Moreover, in case that shorter cycle time 1s
required, higher resolution of camera and improvement
of moving path/step is necessary.
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