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PHANSAK NERAKAE : DESIGN OF PICK AND PLACE ROBOT WITH
MACHINE VISION SYSTEM. THESIS ADVISOR : ASSOC. PROF. FLT. LT.

KONTORN CHAMNIPRASART, Ph.D., 119 PP.

MACHINE VISION/PICK AND PLACE ROBOT/ASSEMBLY PROCESS

In the regular pick and place process of the production line, all parts and
equipment must be aligned with in the right position. Since infinitesimal off-alignment
can cause difficulty in assembly process. This leads the production line to shut down
regularly due to line maintenance and product model change. The objective of this
research is to design and build a prototype machine which is used to pick and place in
the assembly process. The machine vision system is combined with the robotic
systems to enhance the efficiency of pick and place process. The design phase has two
integral parts: 1) automated conveyor systems. The KV STUDIO is used to write the
conveyor system. 2) Vision system. The NI Vision Builder is used to defined patterns,
the center of the model defined, pattern similarity, searching color and the searching
scope. The application of NI LabVIEW with NI Vision module is used in the design
process of the machine vision system to find the coordinates and orientation of the
piece. These coordinates and orientation are used to control the movement of the
robot. Scara Robot is used in this study commanded, we must send a set of instructions
Protocol B, a set of specific commands to instruct the robot, to make the robot moves
to the right coordination and work properly. As the results of the study, the conveyor
system transports work pieces can be clamped at the break. The vision systems that

have been designed can detect the position of the pattern along the X, Y, and its



orientation of the axis U correctly. And the instructed robot can pick and place parts in

the assembly process correctly and accurately.
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317 2.5 1aAAI9E19 The SCARA Robot [3]
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317 2.6 1AAIAIBEI The Parallel Robot [4]

2.2.5 M3%1 DH Parameters
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31U 2.7 uaraangazdenve s MLaaI1l5619 9) Y83 DH Parameters [5]
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cos@, -—singd, 0 L,cosé,
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2.6.1 Gradient Method
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2.8 MSHIVO LM WUV LLAMH (Canny Edge Detection Algorithm)
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@1519% 3.1 Input Output PLC

INPUT OUTPUT
Conveyer 1 1000 Moter Run 1 5000
Moter Stop 1 5001
Conveyer 2 1001 Moter Run 2 5002
Moter_Stop 2 5003
Conveyer 3 1002 Moter Run 3 5004
Moter Stop 3 5005
Conveyer 4 1003 Moter Run_4 5006
Moter Stop 4 5007
Conveyer 5 1004 Moter Run_ 5 5008
Moter Stop 5 5009
Conveyer 6 1005 Moter Run_6 5010
Moter Stop 6 5011
Conveyer 7 1006 Moter Run 7 5012
Moter_Stop 7 5013
Conveyer 8 1007 Moter Run 8 5014
Moter_Stop 8 5015
Conveyer 9 1008 Moter Run 9 6000
Moter Stop 9 6001
Conveyer 10 1009 Moter Run 10 6002
Moter Stop 10 6003
Conveyer 11 1010 Moter Run 11 6004
Moter Stop 11 6005
Conveyer 12 1011 Moter Run_12 6006
Moter Stop 12 6007
Conveyer Bl 10013 Moter Run Bl 6008
Moter Stop Bl 6009
Conveyer B2 1014 Moter Run B2 6010
Moter_Stop B2 6011




@1519% 3.1 Input Output PLC (#10)
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INPUT OUTPUT
Conveyer B3 1015 Moter Run B3 6012
Moter Stop B3 6013
Conveyer B4 1012 Moter Run_ B4 6014
Moter Stop B4 6015
Lead switch BIA 2000 Solinoid valve Bl 7000
Lead switch B1B 2001 Solinoid valve B2 7001
Lead switch B2A 2002 Solinoid valve B3 7002
Lead switch B1B 2003 Solinoid valve B4 7003
Lead switch B3A 2004 Jig 7004
Lead switch B3B 2005 Stop work 7005
Lead switch B4A 2006 Vacuum 7006
Lead switch B4B 2007 Led Start 7007
Lead switch up 2008 Led Stop 7008
Lead switch down 2009 Image Processing 7009
Lead switch jig up 2010 Solenoid valve Store 7010
Lead switch jig down 2011 Solenoid valve Jig 7011
Switch start 2013 Led Red 7012
Switch stop 2014 Led Orange 7013
Final robot Led Green 7014
On Off Vacuum 2015 Led Blue 7015
Lead switch jig in 3000
Lead switch jig out 3001




332 STUUMSINOUYBIYARUALT U

NAYY Start

> Store T14991 Main part

A2

Main part 1Ha11013519 conveyer

2 = o =
Gﬁquuqﬁauqﬂﬂﬂqﬂflﬂﬂﬂ

3

i

il

Y
3.20 L!’dﬂ\ﬁ%“lJ‘UﬂﬁTﬂ\ﬂu"UfN"]rj@EﬂLﬁENGI)"LNWH

58



333 Tdsupsuiimmsesnuuumsiauvesssuuduasatuay

1 z 3 4 L4 £ 7 2 3 10
RI0lZ R2012 B7007
- o
00001 I I
..... SIART 5I0P LII_SIRFT
R7007
0000z
""" LEII_SIRRT
RI007 R7001 REOLE
T g
n0003 I I
..... . 1IN TIAAT BACE I_MIRT
R100E REOL4
Iy i —
00004 I
..... i 5 1 MTRE
21007 REQL:
1 I
0000s I
..... L] £ :_3:5::?'
51007 REDNC
___4 |
00006 I
100004 )
556 _HIRE
Tl
0oaa?
..... L :{_:;\.;'-
Ra01 Tl R700E
| |4 I
noo0s I
..... L] E’_!Ii.'n': :‘{_:i.;'. 5::?_35.':'\:
RI00E
o005
""" " 700 masx

1 Y
317 3.21 u@A3 Diagram MIMNUTZVUAUALIFUNY




60
1 2 3 ' 5 E B 3 11
7005
00005
""" s §T07_ERST
R1008 Tl
| |
00010 ' ﬁ
""" . a5 o gL
00011
..... i IKTSTORE
Tl T E7004
| | Iy
00012 ! !
""" . m_msT m mgL X
T BED0L
| § —
10013 !
..... ] '_1_:;2 :_3:5.':??
R1005
00014
..... h :-5_:
R2008 #1
| |
00015 ! o I_
""" : oIm W mLm
RI008 Tl E700E
| | Iy
00016 ' ﬁ
""" . N OZW | 3 INL o
Tl BEDDZ
| 4 —
10017 !
..... i B 1K

v Y
519 3.22 1eA9 Diagram MIMNUTEVUFUASIFUNU (71D)



61

) 3 i 5 £ 7 ] 10

T1 REDDZ
— | {—
™ QL  HTRL
R1005 REDl12
.y 0
512 b7

13
_|
T B

R1OLE REDDZ
.y 0
F-U I NTETORLY
R10LE i REDL3
— ——F {—
s g 1 1 NTSTORS
R1010
-

511

BEDL3 L
| Cet
I NTSTORS 2

12 R1010 R7002
— =t o
L o 51 %= 2
B7002
_|
BT

Yy
317 3.23 @@ Diagram MIMNUTLVUAUTBIFUNU (9D)



.-'-.:::l: REODO7
0048 !
..... L] o I MIZTORS
k1013 byl Re005
00050 I H
oooaod o s T mor 1 T bTsTORm
R1004
-u-n-u-!-lu %
""" . 7 s
REDDS 22l
no0sz2 _| I I I_
000004 1 NTSTOPEL @
¢ R1004 7000
100%3 _| I H
100004 n o8 BCE L
R7000
_ﬂ_ﬂ_ﬂ_!_ill _|
----- h m-_
R7000 #20
DO0ES _| I I I_
000004 e 1 mey 1
7 RE00A
D00%E _| I
000004 T mey I IR
1004 REOLD
. — | —
DLy
000004 \x 1 e

1 y
317 3.24 UAA3 Diagram MIMNUIZVUAUALIFUY (91D)




10

RED1D

[

I_TEICR

Yy
3.25 1L@A9 Diagram MINIUTEUURURSITUNIU(AD)




64

1 2 3 ! ; : 7 B ; 10
T8 B1005 17001
| | I\
1008% _‘ ' f{r
""" ’ e o L
17001
0008 _‘ }_
..... h 5\.:_1
17001 420
| |7 &
10087 _‘ ' ! }_
""" ’ B 2 1 BT
00058
00083
XD
00070
~ ENIE
10071

v Y
317 3.26 1AA3 Diagram MIMNUITVUAUALIFUNIY (91D)




65

o =
34 ﬂ]ﬂ]i!ﬂlﬂiﬂﬂi!lﬂiu NI Vision Builder
A o a s s A o o a £ < ) ¥ o
Lll@‘ﬂ'lﬂ15lsllflua15ﬂl!’.]5lW’EWnﬂ’l§ﬂ']‘]Jf’;l1]53‘]J°L|ﬂ15a’llaEN“H‘LN'I‘L!L'LT??]LLEI’J mﬂuuulmm
v
miﬂmuﬂgﬂtmumawmm mwumm‘wuwummiﬁ}um m‘ﬂuﬂmmmmﬁ@mjmmiﬁ}um

Tae 141151033 NI Vision Builder

<NI Vision Builder>

X7

A Y  Aqu
¥iavpInanan la

U

A A v
m@ﬂlmﬁllagwuﬂiuﬂ'ﬁﬂuﬁ'l

]

amuagdunulumsdum mruanuriion MruaganIna1vessluuy

I}

[ udaaTilsunsuli/eglugives Program NI LabVIEW ]

1 Y
31U 3.27 aasrunauMIMMuAZIUDYYBY Program NI Vision Builder

3.4.1  M5AaNY¥HAYRINansluMInTIaaa

Y = I3

151890 MIMruariaveInaoan g lumsnaasy Faasivalonuurialy

a 1 a o dy 99 ¥ < . =) < 1w A 1w
FUA lmiuﬂu’mﬂu ﬂi‘]ﬂﬂullﬁﬂ‘ﬂ GigE LW31$3Jﬂ'ﬂl]l,i’lsluﬂﬁﬁﬁﬁﬂlui}’ﬂm ﬁzmﬂumn%mam

Ly

a 4 1 v A a o
Aoun w5 hidesnsaindeslmiiiomans Eror W30 dynnav1anie



66
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Acquire Image: Acquires an image from the =
selected camera and image acquisition
board.

Acquire Image (1394, GigE, or USE):
Acquires an image from the selected IEEE
1394, Gigabit Ethernet, USE, or IP camera.

Readfwrite Camera Attributes: Read and
write attributes from the selected IEEE
1394, Gigabit Ethernet, or USBE camera.

20 20

Acquire Image (IEEE 1394): Acquires an
image from the selected IEEE 1394 camera.

Simulate Acquisition: Simulates the
= acquisition of images by reading images
from file.

oOmm| Select Image: Selects a new image to
o inspect.
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Calibration (mm.)

P ]
AU U9 IVDNANDUF LY N15131300

9 ]
UMD IUDIINAVTUFUIY N1511100

Calibration (mm.)

’Nﬂauﬁl X Y ’Nﬂauﬁ X Y
1 5 10 25 5 40
2 15 10 26 15 40
3 25 10 27 25 40
4 35 10 28 35 40
5 45 10 29 45 40
6 55 10 30 55 40
7 65 10 31 65 40
8 75 10 32 75 40
9 5 20 33 5 50
10 15 20 34 15 50
11 25 20 35 25 50
12 35 20 36 35 50
13 45 20 37 45 50
14 55 20 38 55 50
15 65 20 39 65 50
16 75 20 40 75 50
17 5 30 41 5 60
18 15 30 42 15 60
19 25 30 43 25 60
20 35 30 44 35 60
21 45 30 45 45 60
22 55 30 46 55 60
23 65 30 47 65 60
24 75 30 48 75 60
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A e 1491310 (mm.) A 14910310 (mm.)
24 X Y 24 X Y

1 4791788 9.33270705 25 4731289 39.4035365
2 14.80573 9.28578822 26 14.80848 39.2724397
3 24.81005 9.30924764 27 24.69593 39.3234985
4 34.85012 9.55212158 28 34.71262 39.4973741
5 44.50794 9.61008013 29 44.56157 39.5401531
6 54.68826 9.48588323 30 54.77626 39.4131962
7 64.63896 9.57144109 31 64.79158 39.4573551
8 74.5814 9.63353954 32 74.73952 39.4877144
9 4716165 19.4340549 33 4.696915 49.5683628
10 14.75348 19.1304625 34 14.78648 49.3724077
1 24.61755 19.1691015 35 24.68218 49.3834474
12 34.63975 19.5679116 36 3471125 49.6221814
13 44.49969 19.6244902 37 44.56432 49.6415009
14 54.66626 193333174 38 54.78038 49.4634854
15 64.61558 19.352637 39 64.80395 49.4993645
16 74.55115 19.4285351 40 747519 49.5435234
17 4.860537 29.7175582 41 4.470044 59.5372339
18 14.86898 29.3725669 42 14.55824 59.5275742
19 24.75643 29.4277655 43 24.64505 59.5386139
20 34.84049 29.767237 44 34.64937 59.6904101
21 44.62482 29.8265755 45 44.3402 59.7249093
22 54.83401 29.5367828 46 54.58926 59.574493
23 64.8452 29.7520574 47 64.59358 59.5910526
24 74.75602 29.6154408 48 74.54015 59.5924326
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a dy Xr_Xm o =S % v 1 a
INAVU ATUTUNIT &, = x100 HagNIUBUATINUNUATIAITUNANAIAATNILNU y
X

r

aauaaalumsien 3.4

A1519% 3.4 13719 Error ﬂlﬁ]ﬂﬁ!ﬂ@h\i S AMULNU XY

Error 1 X, Y (%) Error 11 X, Y (%)
’Nﬂallﬁ X Y ’Nﬂauﬁ X Y
1 4.164234 6.672929 20 0.455729 0.775877
2 1.295119 7.142118 21 0.833738 0.578082
3 0.759795 6.907524 22 0.301804 1.544057
4 0.42823 4.478784 23 0.238151 0.826475
5 1.093456 3.899199 24 0.325303 1.281864
6 0.566799 5.141168 25 5.374212 1.491159
7 0.555453 4.285589 26 1.276786 1.818901
8 0.558132 3.664605 27 1.216287 1.691254
9 5.676706 2.829725 28 0.82108 1.256565
10 1.643446 4347688 29 0.974291 1.149617
11 1.529781 4.154492 30 0.406802 1.467009
12 1.02929 2.160442 31 0.320649 1356612
13 1.111789 1.877549 32 0.347303 1.280714
14 0.606798 3.333413 33 6.061699 0.863274
15 0.591414 3.236815 34 1.42345 1.255185
16 0.598465 2.857325 35 1.271286 1.233105
17 2.789259 0.941473 36 0.825008 0.755637
18 0.87346 2.091444 37 0.96818 0.716998
19 0.974291 1.907448 38 0.399302 1.073029
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Error 1u X, Y (%) Error U X, Y (%)
'Nﬂallﬁ X Y 'Nf‘l@?Jﬁ X Y
39 0.301611 1.001271 44 1.001791 0.515983
40 0.330803 0.912953 45 1.466227 0.458485
41 10.59912 0.771277 46 0.746796 0.709178
42 2.945089 0.787376 47 0.625259 0.681579
43 1.419783 0.768977 48 0.613131 0.679279

3.6 M5 WeanIds1nsn NI LabVIEW

3.6.1

MIDINUVUIZVUMIMNUVDY NI LabVIEW

9 H
51 lFlumsiimuaduaoumsiiauvesTisunsy 9ingd 328 Taonis

o kS 1w I o @ 1 1 1
197U Program NI LabVIEW 1iu 14 lumamasaanaaldiilugamaeaie q wumsutlasm

Pixel nmwhaieldliodluansauiludadas et lUdans1d Robot ndeuilid

Aiiee3e nazdan)asninaiiadwas i 1a 14 1aglugadidaues Robot  §3f111a Front

o A ) 1o ! oA ° o v o A
Panel GUE]\1ﬂ'l‘i1/]1\11HLW@Glﬂlﬂl'li’ﬂ?']@l'lllﬁu\‘]ulﬂuﬂ@ﬂﬂ'llﬂfl')ﬂflif]ﬂﬂ')ﬂ mu’d@ﬂugﬂ‘n 3.34



74

Start Program LabVIEW

NA Home Robot

A4

Ty 11910N159U8A Main part

A4

N0 UNN

v

Program 1J3zuranargduunvesnin

sduvuila

)

\

Ny llliTN‘]J

Program 13212aNaUBNA KUY Position and Orientation

\

1 A < o o
Program 111Ja9A1 Position and Orientation “I/]Ul@slll,ﬂu"]gﬂﬂ1ﬁﬂ Protocol B

\ 4
AUNUIVO S Robot tAAoud lndy Assembly part ATUA L UILAE
Assembly part i p] Uiy
/

Robot 11 Assembly part 111/52noUNY Main part 9114 Position and Orientation

1 . A <
99000 Main part NU5ZNOVLATY

Eﬂﬁ 3.34 LAAINIODNUUUTLUUNITNINNIUYDY Program NI LabVIEW



75

3.6.2 @n¥aue Block diagram §1%5UIAT0INIT NGO
. o Y 9o A
Block diagram 1991909 Tdsunsuildimseenuuy ileasiaao
Y v
JULVVVOIFUNIU LAZLUINTINAIVDIFUIIY
2 ' g

- Serial port 9141 Baudrate38400 180N Port N Front panel Button SIATITSIEY)
Latch when release #8991015 click 182999 avdayana arlldyn st (true) 399zlimsaamids
900 1191 Serial port 1o On W30 Off Servo Wn Lifidryanar (false) v¢ laitimsassidsoon il

aqaaalugiln 3.35

Serial Port

WISH
LIl

ssssss

]
=
LA
o
o

1992320F12@

______ : o
El G-v-‘
e 1 Wz

317 3.35 HaAINIAMUA Serial port, MMUA on, off Servo

' I v Voo
- ‘]JiJ Home 13/ 11101) latch when release HA491013 click LLéj’ﬁwgﬁ’QﬁﬂJﬂﬂmﬁﬁ

9

= o

Ndgyaa (true) 92d9n15 19 robot tndeud ldsdmmiiandeanis vin'lulidayaia (false) 99
lusimsaeidaennli dawaaalugili 3.36

Tuanau ae mdelumsdenszuumvunldlumsiiau
Y 1 Y 9
- D1 X UINNI 0 1"]153‘”‘]_]&!,‘]]11!“]118

v ¥ ' )
- 21 X 1980210 1FTLUVLYUUN



76

M True 't

ODOOODO0O000000000D00000 000000000000 000000 000000000000 0000000000000 000000 000000000 0000000

-433 215 10 0 jl

:

Home

M True 't
)

[=]
(=D

0]
4

e
1932040F0032003200321 A1

OD000D0000000000000000 000000000000 000000 0000000000000 000000000000 0000000000000 000000000

v 9
31 3.36 HAAITUABUMIINNUNAINAT|Y Home

U

- DAQ P0.0 73115 14 Image Processing 191 (dyanauszurananindeln

U danaadlugili 3.37

Initialization
D000 000000000000 00T,

(o O o O

Initizlize path to IMI file that contains configuration data for this inspection
E

e[ to Error b

[TARGET TVPE==Windows *]

When called frem built app, go up cne
more level so we don't lock inside exe

MDefault  ~}

+@ NI File Path

@ Extra Files Folder Namek
@IMI File Mamer

(1 O e O O O

o

317 3.37 naaavuneUNAS Ud YU DAQ P 0.0



77

A A 19 Y 9 1 < o A J ]
- LNBUNITEIVDYANINLUTINLAD G]@hlﬂﬂilzu'lﬁi’)i]ﬁﬂﬁ Case IWOTINIU

aurisvegiuuy wazminuiellumsfiuia dwaalugl 3.38

:IDDEIDDEIDDEIDDEIDDEIDDEIDDEIDDEIDDEIDDEIDDDDDDDDDDDDDDDDDDDDDDHO[026] wypDOOOOOOOOOO0O0000000000000000000000000000
.. ¥

Visual Inspection loop

M Tnspect’ 't

DDDDDDDDDDDDDDDDDDDDDDDMU[U5]vLDDDDDDDDDDDDDDDDDDDDDDDF
-t 4] 4] ] O

mann Case samsinishuins

|j Mo Error 't
=1 ] Iy
Position (Pixel E =
ial State E N ! S~ o Get Next State *| ) ]
-+ Watches bquare i 3 B
Mumber of Matches B .[E jad Ci%
=1
Praces| = —
i Proces|
i =
Position (Pixel ..
=
ETNE Matches Triangle
R;,jﬁ‘t Number of Matches
Position (Pixel) g
0
IMatches Circle
Number of Matches
|

v 9
517 3.38 Llﬁﬂﬂﬂll‘lﬁﬂuﬂﬁ@]ﬁ’mﬁﬂﬂgﬂLL‘]J”]JGH?J Case AN 9

U

] v
A A A

Y '
- m‘smmﬂ%’iumimmmmgmmmmN%uammﬂmgmum”l@sfﬂmmi

' v
Ay o =

szuanan I N 1ana391nn1g Calibration #an 1aa1nN13AUIUAT Error 1311313100011

Y v
Myasg lumMsmuIn NHANTNFUIY Awaaslugilin 3.39



78

i
: ¥ Robot 2
X o LIHISTTES abo
m
403
2
135385434
. 19532664E6 B
=
i
> v} B X Robot
546 01353889121 > [
7 3 47778 ]
FREEBER; (]
J! -0 E |} D b

v 9
519 3.39 LAAIUVUADUNMTFALTIAIA UM UINGI91N Calibration

QU

- msd5uld Idduiananais nazyuaesgl Aumsudasainldninms

Al ld munlinaiion 3 dwmis dwaaslugili 3.40



79

Visual Inspection leop

Number of Matches

VA Triangle
g

Assign aushtenies uaad
msnsaafy wns LED

Initial State

Position (Pixel) e

Fost-
Proces|

|f Mo Error 'k
.
[# Get Next State v| ™ ]
7 12
Ci% Pass Fail
09

1Hlumsdsult lddwmaianenaraagza

Ay Y o I ¥ A a o 1
Llfﬂﬁ\?ﬂﬁ/ﬂ,ﬂiﬂﬂﬂ?iﬂ?uﬁmi‘ﬂllﬂ QUNUNAUYN 3 AU U

el lasduuunnasanundinnmsulasmda

A o ' < A a 1A o T
FUBIINAULN UIUDN robot Lﬂumwu‘ﬂﬁuﬂu"lumu 3 AUKUN

“]J“I?I 3.40 Llﬁﬂﬂ"Uuﬁ’e)uﬂﬁﬂ‘i‘ljﬁ1ﬂ'm1u°ﬁu\1ﬂ\flﬂﬁN"ll’E]\fli‘]Jl,!,‘]J‘]J

° ! 9 Yy A
- msmmmmmmmsmgummagu”luiwuaamammsﬂ

q

] v
= =

G

ANAYUAILERAY

Tugii 3.41

True

T <M T True v
o
oo} o] - 1-

Angle

5N 3.41 Lmﬂwuﬂaumimwnuwmmﬂﬁmaauﬁ Tosnan

q



o ' = Y 9y = [ A
- mymamyuvesglaraen Iiyuiesnge daaaslugin 3.42

80

Angle

=

Angle

GE

A 3'/ = ~ Y A
319 3.42 uaaasvump UMY UIYN I MuasuNBEN A

' 2 Y A A A A
- llvhl,ﬁmamuz31@15’;«’0Wugﬂuuumawmmgﬂu LAY, F1UUNAYY 15D

nay auaadlugilin 3.43

Visual Inspection loop

Post-
Proces|

ol Tnspect” 't
.
Position (Pixel) wEH’» NIZ{F.E“
ngs o [Ce=
= ber of Matches LE.?ﬂ J(__
— G bz || [ Camers]
e [P RectaNg h ik "M{Mlo Error vP]
Assn mewns e e
----- VATrizngle 10 shu LED
L a
Inial State EN-ES S " o Gt o State 7] £ :l
EHL . B
= 7
Ci% Pass Fail
Offset Object Positicn ’—’ -
—— - I

T -

"]

AND [

|

@_,

Tluaaadnee Tmdon @wmasy ¥so 19naN

DO0O00000000000000000000 0000000000000 000000000000000000

d' 1
317 3.43 ugasmsven Iaagmsasrenuglunua 9



&1

- YINATIVD FNABY, ANUHALN 3 929NAN NUA NN VI 1IURATIINY

aaaaalugin 3.44

OO0 OOOOOONNOOONNNNN 000NN N00000N00000000000000000000K §[3,26] vpP0 00000000 0000000000000 00000000000000000
.. P

Visual Inspection loop

W Inspect b

DOOOOO000O00O0OO000006000 5 EOO0O000OO000000000000 000

E Mo Error 't

True | True > True ~]

Initial State i [ Get Next State 7]
n =5 bl z

>
4]

ﬂﬁ 3.44 uﬁﬂwumumsmmmaum”lﬂumﬁmmwu

-5 10190 TNaeN A1Kagy nie9nan vz M suauNe iy

nuauawaaslugili 3.45

ENsNsN:NeReNeNeRsNsNsNsNs NeRsReReReNsNsNsNsNeReRaNeNe ReNeNsNsNs NuR et s ReResRsNs Ne ReReNeRs ReReNaNs N N NsReNP Y} ot NN eMe ReRsNs s NeNsNeNs ReNeNoNs s NNeR N eRs ReReReNs s NoReReNs ReRaR e s s NeReh

Visual Inspection loop

Hsgee ]

DOO0O000O0000O0000O00000

E Mo Error 't

False = i False - False 7]

Dl

[ Get Next State =] F™
7
[} # Ci% Pass Fail

[#]
Ivl

o

ﬂ‘ﬁ 345 LlﬁﬂQ‘lluﬁﬂuﬂ"liﬂi’)ﬂi]"lulu‘ﬂ]lllllﬂﬁ@i’ﬁ]‘W‘U



82

a & ¥ a Y A )
- ‘Vﬂﬂllﬂ15G]5U%WUETJLLUUGLﬂgﬂLLUUWHQﬂiU 5A33 ﬂgﬂJﬂTﬁLLﬁNm@um% uag

o

dadyanmeonlii DAQ Awaaslugilh 3.46

DOOOOCOUNOO0OOC0UNNOC0UNO0000000N000000000000N00000000000] %] -pf 0000000000000 00000NN00000000000N000000
Stacked Sequence Structure]

Visual Inspection loop

. i W[No Errer BT
Troe ~] o True M True ~]
=
Initial State ﬁ, [ Get Next State +] £}
- b g
== | B iz
Display Pass Fail
Message to o — e
er
i -y o
i3]

AReset Circler)
AReset Trianglet]~ :
#Reset Rectangle ]

v k) 9
517 3.46 LAAIVUABUMTLONNITATIVAOUATL 5 AT

U

[

Y '
- MIFIHIUAWHUINSHEVUT UM U Store GHNE“JJLHJ“U‘V]ﬂUﬂWWqﬁ}lLagﬁWMﬁWﬂU

awaalugiln 3.47

POOOO000U000000O00000000000000000000000000000000000000G0 [[j] ~pf000000000000000000000000000000000000000]

Visual Inspection loop

Wpet B
SCOO0O00O0O000000000E00000 e pPOGJEOEEEOO00A0O00E0EDD
LE_I' Li_l [

Image —
T[No Error b

[ Get Next State |

=
Initial State
KDL 1

H Y
gﬂﬂ 3.47 HAAIMIUBNMIUUUINTHIVTUIIU U Store AUINUIA H



&3

9 v H H
- YumpuMIAEIUNNArUNLIUTMAsN U Store Tuaig 9 Audas

Tugin 3.48

OOO0O000000000000000000000000000000000000000000000000017j(p,2] pE000000000000000000000000000000000000000

:leuallm:p.ectmn Iccp:

1] Tnspect” 't
OONO000000N000000000000 )6 -pEO000000000000000000000
=" M ¥ B T
ENcErrcr't
W M
o
Iniia state L “F o Getert Stz 7] :l
o * 7 I
6 ?
-BL— (ﬁ% Pass Fail
23]
at
415.58]
= #
\ gle (fenfas
=
[z e o e e

AUWNUMUHTUITINABUAIY local variable 19 1% 11n3

A4 A a 2 oA A '
mamm'lﬂmwymmammaau AN 9 1 store

H v v H
517 3.48 uaaamsveadiImMInsuIUOIUgUaMasTY Store M1 9

U

b4 Y v
- mumaumimmuwﬂwmmgﬂammﬁﬂﬂu Store WA UKUIA 9

aqaalugilin 3.49



&4

EIDDEIEIDDEIEIDDEIEIDDDEIDDDEIEIDDEIEIDDEIEIDDDDDDDDDDDDDDDDDDDDDDDHO[026] wpf00000000000000000000000000000000000000Q
.. s

Visual Inspection loop

"Tnspect”

b

itial State
R ]

e |
Resuls
4D []

DDDEIDDDDDDDDDDDDDDDDDDDM,‘[Q6]vLDDDDDDDDDDDDDDDDDDDDEEIDF
=" BN B 1

E

ElNETET

Mlm-age |j Mo Error 't

| Get Next State ¥| )
7
Ci% Pass Fall

LDl

Fost-
Froces

AU UIT N ASUAIY local variable 1D

] 1 9 1
15 lumsaaoun Tvsurunudiamas

QU

v
%

- U

v v H
317 3.49 uaaamsvendmUIMInBIUOUFUa Ay Store AMMUIA1 <)

E
apuMIaIIUNNAFUILI1enan T Store Tudmumuang o danaaslu



&5

EIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIHO[026] Fpf000000000000000000000000000000000000000
.. a

Visual Inspecticn loop

1] "Inspect” ~}
ONOOUUOU00U00ONnONoouoo ;s -pfIOOOONOOooooooooooog
3] 1+ ¥ [ o]

mlm-age Tl Mo Error ]

.
[# Get Next State | 77} :I
{=

il State
ol

11

-~
L
B

e 1
Resultg
AL ]

Circle(>snaz)

AWNUMUHUIT N ASUHIY local variable 1o 19

d‘ d' a QS‘ Y d' 1
r)]lefﬂ’zi!,ﬁ‘ﬂaE]‘L!‘1/]l1°1J°I’iEJ’iJ"lf“Ll\ﬂ‘LlEJ\?’t?ﬂiJlfl/iﬁEJlI ssm@flu

' Y
51 3.50 uerasMsveNdILHHIMIHIDFUIUZII9naN T Store NI 9

U

=S é o 1
- ‘HWﬂMﬂWiWUEﬂLLUUiﬂEﬂLL‘UUWHQ LAUNTHIUIUFIUYINIS

Uszwamamuaaaalugali 3.51

s HeNeRsNeNeNsNsN:NeNeN:NsHeN=NSNeNSN:NsHeNeHrNsEsHeNeNReNeNeRsNeNeNrNeRe NeNeNrNeNeRsis ReN=ReN i ReneRe AR NNy ¥ SN N eReNeNeNe R NeNoH e N NeNsN N NsNeR:NNeRrNNeN:Ns HeNeRsN Rt NeNeR:RsHEN:RER:

Visual Inspection loop

" Inspect’ <Bf
NN N NaRs e NN H R aRs s NP T R E e
& [+

o+

|: Mo Errer 't

= ™ stop 2 |
itial State T — - l
o= N
Pass Fail
i 88
= e {@]

v 9
gﬂﬁ 3.51 Llﬁﬂﬂﬂluﬁﬂuﬂ"ﬁ‘ﬂi’)ﬂﬂ"ﬁﬂ‘ﬂﬂiz‘U’Juﬂﬁﬂi%imeaﬁ}’JﬂﬂTW



86

I A =~ o o ' ' o £ o
—tﬁmﬁﬂ‘ﬂ Robot Lﬂaﬁ)u“l/lllﬂmmlmuﬂ XY NoUIUYUITU ﬂﬂuﬁ‘ﬂﬂu

000000000000000000000000000000000000000000000000000000000000000000000000000000000000(7[j,25] vtn

[ True 't

Y
[

v Y ] v
5107 3.52 naaaruaUMI U137 Robot (AADUNNDUILIVF U

U

Vo & Y A o ' o ' £ o >
- ﬁ\?ﬂ?ﬁ\ﬂﬂ Robot L‘W'f)@]53ﬂﬁﬂﬂﬁ1llﬁuﬁﬂﬂﬂﬂumﬂﬁ Robot aﬂﬂmmgmuw

Y A @ 1" o [~ A [ ~
LINADINTTINIDU u,azmmﬂmmmgmumﬂu Ay I UIN ﬂﬂllﬁﬂﬂiugﬂﬂ 3.53



&7

0OOpOOO0NO000NO0000000000000000NN00NNO0NNO0NO0000000000N00C000N0UNNOONNOONO00000000000G00 ;0.2 ~p&

s NaNeNeNsNepNaNsNsNaNsNeNsNuNaNeNeNsNsNuNsNsNelsNulsulahehNsNsNuNsNsNehsNelsNulaNehNesNulsNsNelsNulsNulaheNeNeNsNaNsNsNelsNelsNulahe NN esNulsNuNahsNelsNalans NN esNuls]

String

sNsNsNaN=NsNuleeNsNsNuNeNsNehsNalal: NulehslsRsNalis] [sNsNsNsN=NsNsNsNsNNsNsN=y sNsNsNsN=NeNsNsNsNN=NsN=NsNsNsNsN=NeNsNsNsNsN=NsN=NsNsNsNsN=NsNsN=NsNsN=NsN=NsNsNsNsNals]

| [as

2 husvPruos oahauas Robot ( duimss XY Al ) |

oA I A
n15411)a9n114® Robot return x 111 a1 30 UIN

319 3.53 AT LABLM LR Robot return X

' : H Y H
- a1 19 Robot inaouias lvuauau dwaalugiln 3.54

RN HoR=ReReH=R=Re ReN=ReRe NN =R=Re NN =ReRe R N=ReNe N oA =N R R=N =N e NN e RN NeRe R RN -Nee RN e RN e R e R RN RN e R e R KRR RN e e 7 e

B 1 4 (3]

El]

1992040403E3005403E813

Ao i 2 [ un Z enaaniugiuim )|

o y 4 A o &
31/ 3.54 HARITUAB LN Ty 1a 19 Robot indeuias llsnguau



&8

- g9 Output 9901164 DAQ 1ol Vacuum 1911 uazsoaunIN9Lll

Y ! Y
a

o 1 o W Y = £ = A v Y [ A
QA Vacuum 1az a4 Robot A9¥UIMUMN0IUFUNUNETY Aduaadlugii 3.55

U O 0 O U O D O O O D O U O U U O U O OO OO0 I U OO DU IO DU U OO 7 (9,26 v

\?ILJ\:IILIILHLIILI

]
23]

1992040403E8005403E813

ot lshusmai 3 (sftedia Vacuum w1 w2 g}

Y
U [

= 1 v A AX A 2 v
‘ﬂ‘VI 3.55 Llﬁﬂﬁﬂluﬂ@uﬂﬁﬁﬁ iy,ﬂﬁﬂlclﬁ Robot A UNVUNUDIVFUIIULAD

A o £ Yy 9 1o o Y A P~ v o 1
- 1J® Robot ﬂ‘]JGIfUQ'Iuhlﬂlla'Jﬂzﬁﬁﬂ'lﬁﬂclﬁ Robot Lﬂa@u‘ﬂllﬂﬂ\i@’luﬁ'uq X, Y

\ d' Qa’ o d’
Aeunazlszneusua Awaaslugil 3.56

=N=N=N==N=N:N=N=N=N=N=N-N:N-NeN=N=N:N=N-N=NeNN=N:=N=NeNeReN=N: N N=N=Ne =R e N N=N=N=e e e N A= N==N=R=N s NN N=N ===l N N N=N===N= N NN === =N NN === 1= N=N=R= e =)

o]
3]
o]
B
o] #

3]
4f[#]
j....._

6 j“ 1000
[u Falze 't
: e

+
>

[+

e} 7
[w(E| R

B

e
El—y-e ERE

it
1992040303E8005A03E813

d' 9y d‘ d' v o 1 ' Qy
'IJ‘V] 3.56 memumumim i‘gi})ﬂmiﬁ Robot ma@um"liJmmgmmﬂauﬂﬁzﬂauwmm



&9

A A A v o ' 1 o W 9
- 1148 Robot naBUNGIA MUY X, YIunsdseney sxaemaal

Y vy v
Robot HyUFUNIUEMSDMINeFunulias dwdadlugii 3.57

SRR Re e Re R R R ol Ho oMo NN NN NN Rl R Re R R KR R Ho Rl oo NN NN Rl Rl R KRR R R Rl el R NN Rt Eo1 7 I g 5

W(True ~}

v y 1
“]J“I/] 3.57 LLﬁﬂQﬂJH@@Uﬂﬁﬁ\i 3! 1%1!11’971 Robot wyu%mmﬂauﬂizﬂau

4 o ' 3 1o o
- 1ifo Robot  wiyyuswd i lunuonnu U 1a3ud) azdediiaald Robot

Qa' QU d‘
MUY aaaadlugiln 3.58

SONOONDEODCNNNENDOND OO0 OO N0NON0END0N0NbENDON0NNN0bNDCN0NON0END0N0NEND0N0Na00BEE0a0aaEN 5.5 <p

1292040400320032003213

<A [t B vin Z asn o )|

v 9 ¥
317 3.58 uanAe UM dd a1 1i Robot 1M9FuUNe5ENOL



90

A A 4 =2 1A = '
- Wounu Z naeuiawunnediuneneruaulumsseney 1519z Output

H ' ] : ¥ H
pon 1l DAQ Mode1f Vacuum ngaiim ietlasetudmlumsilsznou awaaslugii 3.59

SOO0UONOOUOONOEU0N0N0NONCAUNO0O000NCA0NO0CR00N0N00ONC00N0U0NDO00R0NO00N00000NOO00B00a000Y (5,25 *p2

AEACANONONONONONONaN (5 -pPOOONOHOAEAOAOAERERE

& Solinsid Vacuum OFF

DAQO2
A

s »
DAQ Assistantd
data

2 Output Tud Sclinoid

CECECRCICIGRCRCECRCRCRCRCRORGICRE]
&=
F

[N =] sj= N =N s == N= = K= NN =N NN NN =N s =N s W=l =R= N == == N= ] = M=l NN =N e M= ]

ez 141

v o

319 3.59 HERITUAD NI AR YWY Vacuum

4 2 <z £ 1 o o
- Lﬁ@'J'N(’IfUﬁ’JUGLUﬂ'ﬁﬂigﬂ@ULﬁiﬂﬁULlé]fl %’E‘NE‘TWﬂﬁLﬂH Z U943 Robot

44X o <
naeuNIY Aaadlugln 3.60

N o ol o N X NN RN RN N o XX o oK MoK RN RN X N NN RN N N XX Yool Mol N X N X NN KRN N N XX XX RN BN g

El=]
=

I 130204040054005A005413 J

s i 7 (Tdensnsdaa uns 2 3 )]

| EF B B o B ER O] 3] 3 B3] 37 3] 3] 3] B 3] 3] B B 3 B B R3]

pu v A A2 o <
']J‘V] 3.60 Llﬁﬂﬂﬂluﬁﬂuﬂﬁﬁﬂ aumunmclmmu Z masuNIuradInlseneuase



91

- dafaaliunu U ve3 Robot vyyuiie Wog Tuanuzisudu daaaslug i 3.61

I000000000000000000000000000000N0A0NNNNN0ANNNAINNNOAINNNOAINNNOAIANNOAIAONOAINOOOa0A0aTaY [ 5 vpp

[EREa e

3]

¥

B3 3 313

] Ed|E
][] [3] [3] [3] 3] [3] [3] [3] [3] [#]
it

Eolez]
e 17 [932D40303ER005 03513
WAL
Hunzid 12

H 9 ] 1
517 3.61 uaaciuaoumMsdIdyaulnunu U ndeuinaudumiudy

QU

@

- aaeda 13 Robot navladadmiia Home taz talwuaasmsasinsuing

Q

awaalugili 3.62

OO0 O000000000000000000000000000000000000000000000000000000000N0N0N0N0000000000000000a0a0]540.26] 7]

B
]

I!QQZDAOBOUSL\OUSAOOSAIB

B o o O o B o B 5 o o ] o e

Bl 3] o =

v 9
517 3.62 namstuapumsdedanu i Robot nau'lidadumiia Home



92

- mnlimsdadayaal Reset (F1UIUATY 5 ) WU local variable 92 A09111115

reset A1 AT AUAT IV Reset naUFanuzisudy awaaslugili 3.63

LR R L L R L DR R L e i PR e 3

DO0O0000O0OO0 00O O0O00 000 3] -pPi00000000a000000000000000
LBl B o )

P AReset Rectangle)]

WTrue -} WTrue ~pf : WTrue ~pf

[E]-{» AReset Rectangle

[ beee ]

ODO0000000000000000 0000 0000000000000 00000000000000000000000

B B B 3 B B B B B B B B 3 B BB B B R BRI R

H 9 H Y
5UN 3.63 LAAIVUADUNT A ﬂJﬂlﬂﬂﬂﬁj Reset 9TUIUNATIVADUNUFUIIU

U

[

- adyga Output 117l DAQ tieuon PLC 11 9UM3919114U89 Robot A9

waaaluzii 3.64

JOOODUONNDOONNDNONND NN OO NNOONNNORAND AN P AOOIRANO A NNDNAANDIRNNDIRNNDNRNODNRAOOIBRN 5,5 -}

0000000000000 O0000000000l][ 3]~y 000000000000 0000000000000
a-t=l M

:
v
v

DAQ Assistants
i EEE ey data

|3 2 2 2 2 3 2 .3 3 I 3 g 3 3 £ R ) I 2 )

jslaNs NeNaNsNsRsNsNsNsNsNaNalaNsNelinNsNs N NsNulalaNs NuNaNsNelisNsNn N RsNe Mol sNs elaNsNeNsNsNsRaNsNe NaNuNs el NsRaNuls}

ERCRORE

517 3.64 uAAINTVOA PLC 1M9UMI11901 Tud 11U Robot



[

- mENAUd M Ud QI Vacuum Hag da1a9umsiiauued Robot A9

weraelugili 3.65

Ta[Falze ~ ]

£ Vacuum

" g
DAQ Assistantd

H 9 ]
517 3.65 uaasuAp UMTAITRAUA T UA LA Ty NUIUNTINY

5



UN 4

Nﬁlfﬂiﬂﬂﬂ!!iJU!ﬂ%i’)x‘l%ﬂi!!ﬁ%ﬂ1‘§ﬁ"lx‘l"l‘l!°ll’0x‘l!ﬂ§i’)\‘l%ﬂi

dmsuuniwiaueranssuivnuaiuniesinsdunuui 19 luns ez e
TunsgrumsdsgnounuusaTud@ faaadluglii 4.1 Taonszuaumsasel Igunams
Waesnilu 2 szuu ﬁm‘zuuma‘vﬁmummﬂ;ﬂﬂa"lﬂ{fmiuﬁﬁﬁm%uﬁnﬁaﬁ;mmuaz«ffv'ﬁﬂ
FUN 1AZTTIUMITNNLYBINIATINARUAIEN N Sefeuhn1snageLsT UL IaRIsTIL

Y J 1 { 0 o ' [ 4 { Y o { 9 1 o
IdauysainouNzhuhauswnu ez ldszuumsihaungndesaziiug

= Y ' sAq Y a
TIJ‘VI 4.1 ﬂ"lif’]f’]ﬂllf]_l1]lla‘éﬁﬁﬁ"Ntiuﬂu@]‘Vl161161‘1,!ﬂ"liﬁfJiJl!ag’sz"IQGluﬂSgU')uﬂﬁlﬁﬂigﬂﬂﬂ

U

41  WaveIMsaullsunInszuUMsMOUIAZMSNATIUMINNUVIIYA
nalndalifdmsudsduny gadudestun yadvdasuan
MINMITHUA Address voe PLC 1§ TS euTusunsuieniuaumsainves

sTULA IR TUY Tﬂamﬁﬁn‘%m%ymmﬂsﬁwg’uwi%yuﬂugﬂdwaﬂmﬂ Store 118z lvia 11

=2 o

2 , 2 1 < 7 % o
%uawmu%%mmuazﬁwaﬂﬂvmm‘ﬁﬂizﬂamﬁmﬁuugm “?Qﬂ']‘i“l’l']\ﬂuallﬂﬂﬂﬁllﬂ

Y vy v T
YATIFUNIU FATUAOIFUIIU FATVTATUIIUNADINTTINTATIVAO LT 1MING D9 TAONTS

g o Qy 1 o ] ad a 4
’é)’é)ﬂl!‘]J‘]J\‘l'l‘Hﬁﬂ%“lmﬂ'lﬁﬂ‘i'nﬁﬂU“KUﬁVlﬁ}WWﬂ1ﬁﬂ@ﬂ!LUU UNULAUINTBIaNNIoUN Tagve



95

{ { { 0 | [ - o <
9NUUVNN 3 gﬂLLU‘U 1A TWHAYN THiaowN f‘l']ﬁ‘Vﬂ\Tl‘Ll‘UfNLﬂ%ﬂﬂﬂﬂﬁﬁutlﬂﬂﬁ WNININY
9 o A @ 9 = v 2 9
GUf)qujaL'Ja'lsllfNﬂ']TVl1\1']1!"’1]@\1!?]5?)\‘1%ﬂi@]ull‘U‘Uﬁ]\Tﬁ'JN!'Jafluﬂ']iﬁQGD'U\TIULGU"Ill‘]Jﬂlu33‘U‘U3"I\‘1
1 2 ! g £ ' o

Conveyer Lla$ﬂ15ﬁ\‘]ﬂﬂﬂsﬁu\ﬂuﬁgﬂﬂﬁ%ﬂﬂﬂlﬁﬁ%%u%ﬂﬁ?ﬂ Iﬂﬂlﬁ?ﬁ]gﬂﬂﬁﬂﬂllﬂﬁgg‘]J!L‘U‘Uﬁ]']L!'Ju
3/ = <3 9 dy I o A [ Y Y m 9 o

10 ﬂiﬂ/gﬂl!llﬂ “ﬁ\?ﬂ1§!ﬂl|€u@1ql‘aulﬂuﬂ15‘1ﬂﬂﬁ@ﬂﬂ15‘]ﬂNTU"UENL?WEN%ﬂﬁ@]uuﬂﬂiﬂﬂﬂﬂhlllUlﬂ‘VHfﬂi

a 4 v £ v {
ANTIEHRAVDIMITUNNLAMSUSENO VT U ‘lﬁ’wamsmam aatgasluasen 4.1

1 Y
A3 4.1 teranamnauvesgana Inda Iudadmsuduasauau

S Tune NANREENG 30 ASS (FTt)
1 SBoeduaY 20
2 asvdeULazlseney 10
59U 30

MnravesnsnadeunanlFlumsiinuvesyana lnoa luiAamsumsauaos
v H Y
Funuuazivdaldnaunie 30 idemsiiu 1 sou vMINFUIUgnldesoenu1nn

Y Y Yy
Store ﬁaﬂizmumimaﬂﬁauwmmuazﬂszﬂa‘u%umu ﬁ]uﬁui:fﬂﬂigﬂ’luﬂﬁﬂﬁﬁ”lxﬂu

4.2 Naﬂ151’lﬂﬁ?)°ﬂ53Uﬂﬂ§)ﬂﬁﬂﬂ€hﬂﬂ]‘w

42.1  wavasmsmruazduuuaaglulisunsu NI Vision Builder

nmamviuan luTsunsy NI Vision Builder Iagnsf1UATHAU0INA0

v
=1

Yo g = Y [3 Y o =
‘Vl(lslfﬂ"l‘ﬁuﬂﬂlﬂﬂlﬂlﬁllagwu‘ﬂiuﬂ"ﬁﬂuﬁ"l ﬂmuwﬂu‘uﬂuﬂﬁﬂum NIUUAYNNINA VDN

o o U A 9 < Y ]
E‘IJLL‘]J‘]J LLa%ﬂ"I‘WLlﬂﬂ'J"I?Jﬂ?J%ﬂﬂ"Iﬂ'J"I?JLW?J@H“II@QE‘]Jﬂ”l'Wi‘Llﬂ”l'iﬂLl‘H”l Tdsunsunvglvinmaig 9

[

A ° Y A
61]@\1131@@ﬂu]@]ﬂluﬂli]ﬂﬂlﬂu@qj ﬂ\15ﬂ1/] 4.2

U



96

517 4.2 WaUINIMKUAAT NI Vision Builder

U

422 wamsnaaaulisunsu NI LabVIEW Nldoanuuuan
o =1 dﬂg d‘ 9y d‘ @ Y A o
vinmsimseuTlsunsuaununearuanldiniosdnsoa Tudarmiauaiy
Y 1 1
vuaoun191d #4184 1sunsulumslszuranania Vision voaldsunsy LabVIEW lunns
szinana asauaaanyuzued 11515yl Front Panel 1A Front Panel 92 UaaINaaIU

[

A d A o 1 d Aa Aa 2 {1 o ]
%LﬂuWﬂﬂﬂlemuﬂu@ NNAVDNNITHYVLULAS INYUITU ﬂumnﬂmmimdmmd 9



97

Bt Vou P Opete_Tooh oot
i

2] ..,—
U Ofset

o

+

!

e T " Recangle  Trangle  Cicle
LEANNANITATIIND . . .
Rectangle }[ﬂ& Circule
o 0
HAAINIUIU . -
X Robot Pick Y Robot Pick
8 0 oo A e syl
AN IV UV UITU |
X Robot Place YRubolef
50059 18757
o ' 2
AWLHTUIINWNFUITU
Robot Current Postion
z L
AL 909 Robot R | B |
- Serial Poet
_ |
Off Servo Home
Switch On/Off Servo » »
Home Robot _j
HOVBIMIIATIENMIGUILY e - = e B
J—— Yu stoo Tlsunsy
i |
‘ — 4 waaanansulaanlan
1 vouaaIn ey la amwidhu Protocol B ‘ A'd‘,‘
) ES

gﬂ‘ﬁ 4.3 Front Panel ﬂlﬂﬂ!ﬂ%ﬂx‘]@lﬂﬂﬁﬂﬂ‘ﬂ

= A o Y k% A
ﬁ]"lﬂﬂ"lilfllflui‘ﬂiuﬂiﬂli"lﬁqu1537]%3?711’?1!@141!1 Front Panel qﬂiﬂﬂ‘mﬁﬁ]g
o A A ' ' a 7 ° ° '
ﬂ"lﬁl!ﬂiﬁjﬂﬁ)"l Front Panel LLﬁﬂQWﬁﬂlﬂQﬁﬂﬁLiTﬁuiﬂ RITANIS 32 ﬁ’J@"])’ﬂ’J']JﬂiJﬂTﬁVINTu AU
¥ v .
UBINI Robot Ghu,muwmmﬁm%umu G‘],'IL!WHQ"UENﬂWi’JN‘BH\ﬂu llﬁ$151ﬁ1ﬂ1iﬂlaﬂﬂﬁﬂﬁ
Y ) A A A v Y Y=
L'iWIEJ\?ﬂ'Ii%galﬂlLﬂﬂ\?‘Uu Front Panel LW@I“K’J?N“I/lLi'lﬁE]\3ﬂTif]EJWﬂGlﬂ!lﬁﬂQUlﬂ@ﬂﬂﬁWﬂﬂﬁWﬂ
= A Y o
%WﬂﬂWilfUUuTﬂiuﬂiN NI LabVIEW “I/IGI,GI)'GI,‘Nﬂ'liﬂ’)‘lJﬂiJﬂ'liﬂN?H%@\ﬁ%ﬂU 131
Y o o ' A Yy Y1 A ! o 9 ¥ Ay
ADININITNATDUNITNINIUAN 9 LW@slﬁllﬂﬂWVlLﬁil'lgﬁiJﬂﬂﬂ']'i“l/l']\‘ﬂu hlifl“l"ii]']ﬂﬁﬁf)u@ﬂ

' Y
vl 53edeaihumameuluTsunsuneg ¥l unmsiauaivnnsalasaznaaow



98

4.2.2.1 MInaEeUMAINNINL S manzay

A o o Y AdaA

Tumsiszuranadrenmasndringuazdesniuguliniinfoszes

TvlAa manuause (Minimum Contrast) HazAIANNIN DY (Minimum Match Score) aalums

Y
v AaAyg v

a o 9 = o Y [ R o & Y )
WenTvesnavedndod 39 Inszezuesms e 3esutuazdoamvuaaiunnuaInign
9 ~ 1 9 a ~ 9 9 a o dyd
YoINand Nazamsnnwnmlvaseuaguusnuidoimssznadey 1d luauideiiseniugy
] U 9 % ay ~ 1A a A Y ay
szoz lnaszrindesazdrduanunsiogn 30 wuamas o ldlumsas9aouFuaIuNIn
1 1 [l < o a
A1 Minimum Contrast {82 A1 Minimum Match Score lliJmiﬂzﬁllﬂmﬂﬂ$ﬂ11ﬁ}ﬂ1iﬂﬁﬁi}ﬁﬂﬂ!,ﬂﬂ
ANuAAIAAAoU 14 39809ININATDUINDHIA1 Minimum Contrast 14a2A1 Minimum Match

= i P, L Ay v o =
Score VILTT?J']Z@'MVlﬁ]gclslfclUﬂWﬁV]ﬂﬁ@ﬂ%uﬁWHﬂqﬂ@@ﬂLLUUNT ﬂ\ulﬁﬂ\ﬂu@"ﬁ?\‘]‘l’l 4.2

H 1 a J 1 ~ o 9
G]']i'l\?ﬁ 4.2 UFAANNANITNATDUNIAINITINLABDIAN ) %Lﬁll'lgﬁllﬂﬂﬂ'ﬁﬂﬁglnaNaﬂ')ﬂﬂ'lw

dun 1 anugnanalumsasvdol (%)
foamg Minimum ﬁ‘ﬂ'i Minimum Contrast

N7 Match Score 20 25 30 35
550 60 70 100 100
A 600 70 80 100 100
650 30 40 50 40
550 70 80 100 80
A 600 60 60 80 80
650 60 60 80 70
550 80 80 100 100
?Tmalflll 600 70 80 90 100
650 70 70 70 80




99

NARAMINATOVHIAMITINADTAN ) F1W1TDA0NAT Minimum

Match Score L0E Minimum Contrast Liil‘li‘%}ﬁiﬁuﬂﬂli Minimum Match Score 1NANUIHLDY

A A 1A 9 =< 1 A 19 ¥

winigah 1000 Ysingninmsasrnaeunuglunuiosnin isvsaasianumiouau 1ild
A

Y a

nnvsettosniuly Favzegluriaszning 550-650 1azA1 Minimum  Contrast MHUIZAY

9 o Y v ' Y v A
dmsuldlumsassaoumsastugluuuang ladauaasluasei 4.3

#1519 4.3 A1 Minimum Contrast 44a%fA1 Minimum Match Score

o e duNdesmsasIvdow
Wnnwesnlsniugy - —
NNAU qauia gy alragy
Minimum Match Score 600 550 550
Minimum Contrast 30 30 30

4.2.2.2 HaM3NAADUNANIFIUMTATIDTDUA NN

v X ) ! ) P

Tunmsasnaeualenmiininndesadsonlennuaz dedoyadi
% o (% 9) 9 ] d’

galdsunsudmiunmsiszuiana szlenarlunisasnasvisenin  uaiodnngluuy
2 ~ A A v 1 ! Yo A = v y2 A A =
Funuimsnaou Nndese ldawsonienm lanui JezdesliFuniungatiadonou 19
doalimanageuiarinarlumsamennnminzay Tagmsmuuaszeoziarlumsaunin

A A & ~ g gy ~ Ay a Y v
0.5, 1, 1.5, 2, 2.5 119 Fanarimuizauiun luadsnazinansetsevuwmnu ll msizdniss
< o Vo = v o ) o 9 H] Vo & o q Y9 ¥
Tufeazsuninla luvu dawieg ldnamnudinzsunnldnasnnnaiwuaiunaz i 1914

na1u TumMsmaureanInadnsaduaadlium1sam 4.4 Tagmuiaan

v v
NUIUMINATBUNINUA —ﬂ"mmmimﬁauﬂnwu

- y x100 4.1
UIUMINATDUNINUA
A15199 4.4 LAAIHANITNATO LA NHVIZFNTINTUMTOITNIN
R ) namlglumsoienn (i)
ASATIZH
0.5 1 1.5 2 2.5
9
ANUYNABI NS
6.666 30 50 93.333 93.333
Uszurana (%)




100

NAHAYRINIITNAdaUMIAIAMImNIzaN luMIMIEMNLazATIUF LY
9 9
MNAveIMsNAdoUNInua Tuas 9L & a1 2 3uil wag 2.5 i azlianugndeias
[] o A 1 v R A 9 A 9 A A Y 1 A A
udugimminuIvasnlgnainegldlumssenamsdszuianmninainesni tiienoy
i @ AL Y A 1A o Ay 1 Y I a =
MenmraInniruan ldngaogisegn ludumiisinseuazarenmudniluna 2 ui
4.2.2.3 #AINNITNTIVADVUAZVBNNNAVBITUNY
Y
palunisastvaeumnduaiuazdesldnailunisasrngeunism
s = Y Qo 5 ' o v
sUnvvYe UL Fegdunutundiesinnuuanannuyesglunurasdnyasveagluuy
[ I @ A A A v A @ A =
lunazithudgiuu 2nay Tvdey aumao 1azdalinuinITIEI YUKHI0ANNIDEIUDY
1 v 9 Y 2 =2 o Y
snuuae nagdidesldnarlulunsmganinansvesgduuy vemld@enar lumsszy
dunisgananatsvesgduuuisuninld ieiinsueniina ludelusunsuaiuae 114

Y v
115 lumsdsznouruaiu aauaaaluaisnen 4.5

H 9 4 a o
GﬂiNﬁ 4.5 Llﬁ'ﬂ\‘lﬂa11‘uﬂ'ﬁ@]i'Ji]ﬁf]Uﬂ'JEJﬂ1WLﬁﬂ‘]J@ﬂWﬂﬂ

Fuan Sunsad nmmﬁﬂ“lumimai}ﬁa‘uuazmﬂﬁﬁ’ﬂgﬂﬁ'm (M)
nAToU naaoU 1WNAY Ay Finaou
1 30 2.766 2.814 2.852
2 30 2.698 2.851 2.765
3 30 2.752 2.740 2.716
méﬂ 2.738 2.801 2,777

v v v
ﬁnﬂwaﬂ”ﬁ‘V]ﬂﬁ@‘ﬂﬂ”lﬁ@ﬁ?i]i]ﬁ%u@”lu&?ﬂﬂ”l‘w INFUITUNN 3 g‘]JLL‘]Jll
Aq ¥ ' == A ' o 9 < Y
Ljﬁ?ﬂi%ﬂ?iﬁijﬂﬁﬂﬂl!@lazgﬂl!‘ﬂ‘ﬂﬂllﬂa”IVILWIﬂ@I"Nﬂuﬂ’JEJ ﬂzlﬁu1ﬂ311uﬂ15@]53§]ﬁ@ﬂ

do 9 ) ] Yy ¥ | Y "o
E‘IJﬂ"I‘Wﬂﬂﬂ@]@ﬂisﬁma"liuﬂ”liﬁi?ilﬁﬂﬂ Lwaclw"lﬂmsumwawgﬂmmazuuum Iﬂflﬂ"li

=1

9 A a A 9 =
astaaeugilinanlgnaundelszum 2.738 3 gaumasylsnanndslssua 2.777

G

a =

4 4 ] a4 A AR oq U q Y a s &
AUIN gﬂﬁmaﬂuhnmmaﬂﬂizmm 2.801 UM ﬁN1/1ﬂm’mm“lﬂummmswm;ﬂmﬂmq

Y
vosgUuuunaydseyaludilusunsudiuaie q aeli Azlinnudrdunnin



101

43  wamsiszneuFuaiu

Y Y H 9 ]
MyszneuFuaiuazdnaiinaInlFlunsuruaIun Store tivo 19 lumsilsznou

[
S a

o A o 2 1 A 1 o o Jq 9 A a [
nazdznnanznausUaIvlumsdseneunuana1eny %31’]11111‘1)’1']@WT]%zllﬂﬂfJ‘iJLmﬂﬁ'l\‘]

=

o v X Aq v a £ a2 ko
AUAIY clf\‘]ﬂﬂ‘ﬂﬁlgb'aluﬂ’]ﬁwfJ‘]JGI)'u\‘]'IuGluﬂ’]ﬁﬂﬁgﬂﬂﬂﬂgusﬁuﬁjuﬁluﬂ'ﬁﬂﬁgﬂﬂﬂ VBINY 3 gﬂllﬂﬂ

q

S A v

Y H 9y
Tagaziinnalums lvsuruaiunuanaiadu uazdasinlddeninalunisiisuarud 1

[l
@ [

o £ A I a A =1 1 a9y =22 o Y A
Ysznounuruanuiaany ndalinnatazyuitanasen lldndle 3ei lvidenarlums
49! = o Y 1 g’/ =1 1 [
szneuuinvy 3 lvnarlumsdseneuuaazasauaNuUANA1NY
43.1  @wndsveamsvauIuaIwetianiszneu
Y H [
NNTDONUULAIUUDI Store L UAUHUIVDIFUAIUNIZINWUTZROUNT
Y 1 Y
ANUEANANAUVRIFU I thothu)senevuaaz JUuuvzinanena lumsvaurudu
d' o = Y o Aa Qy 1 1 o [] d' v o [ d'
Wo1u15EnoU 13199 14111MINARDINTHIUFUAIULAAL MU UUNDUIGIANUINIE
o F2Al 9
mvual3nouniin
A Ay - 2 R A4 4y
mandoud llnsuFuamionlsznon Robot 1Z1AADUNIINYAGUAY
4' a Qy 1 é A o ] d' [ [ o yYyq 9 d' d‘ a d‘
e lvEuruaIUIN Store FaNAMUINUANA1AY az 17 a1 lumsinaoun ldveun

1 v 9 [ 3’/ o vYq 9 a 1 o o ~
umnmaﬂumﬂmuu%wﬂﬂmaaﬂumimmmmnmu ﬂ\‘lllﬁﬂ\ﬂu@ni%‘]‘ﬂ 4.6

H Y
AT NN 4.6 AT INULTAUINTNITHIU VU

Auvivalunsvey
591
] 2 3 4 5
1 455 5.18 5.25 5.47 5.61
29nau
2 441 4.98 5.17 551 5.57
3 4.64 5.23 523 54 5.65
4 458 5.23 527 5.58 5.71
DAY 4.545 5.155 523 5.49 5.635
auvialunsvey
591
1 2 3 4 5
2 1 49 5.58 5.62 5.45 551
SRR
2 478 551 5.58 5.48 5.61
3 461 5.49 5.68 5.5 5.59
4 4.84 5.55 5.61 5.58 5.55
DAY 4.692 5.532 5.622 5.502 5.565




102

i Y
AN 4.6 MINUTAIATMIHIVFUIY (919)

Aurug lumsvey
501
1 2 3 4 5
2 1 4.49 49 5.1 5.55 5.71
LI

2 451 5.1 4.98 5.46 5.69

3 435 483 521 5.6 5.75

4 45 489 5.15 5.58 5.71

DAY 4.462 4.93 5.11 5.547 5715

o ] a £ A g I~ Y1 A J Aq Y
"l]']ﬂm'ILH’TUQGlUﬂWﬁWEJUGHuQ']uLW’f]il']ﬂﬁgiﬂ’ﬂﬂuu ﬁ]glﬂuhlﬂj'luwaﬁﬂna']ﬂsl%slu

[
=~

Y 9
1 a A 1 Y A Ao 1 o 13 ] o v
ﬂ'lﬁ‘]Jigﬂ’mJ L‘Wi'l&mﬁgﬂﬂiuﬂWiﬁﬂﬂ%uﬁ’Juuu%zuwﬂ@%tl@lﬂ@nﬁﬂu LWIﬂleﬁUlﬂJﬂﬂﬂﬁﬂﬂ/nUlﬁ

A A v 1

mzyausazyatinavesgariany himnnm ls 3uildlinaaenanlumssieu hinmin

4.3.2 wammﬂaaum5ﬁ1ammmm%ﬁme’immuﬁmuﬂ
A 9 ~q V 2 y LA g
wamiWaammmmmmﬂﬂmmmGlﬂumaﬂazmumumumwm ITUAU

v 9 ]
MINMITIFUNIUOONIN Store 1911183 Conveyer liaudegaiuduaiu mosomsiszuiana

'
o

yoandesaamias lldaTlsunsy iwemurainavesgUuuunduainld imedald Robot
A ~ a Qal U A o Y o QSI Qy 1 Qal 1 S oA
waeud lndurudrumoidszneumdnuiuay nsilszneusunuaas sudIuNGall
& v o y = a v = 9 Yo
nariuananiu ldmugduyurazdnyazn1s119@1ve9FuIudnale 15139 1d¥ns
Y Y H
onAI0E 197UV DVBITFUNILNT 7 WUV HAAzFIUUDVEIFUNUIZTINNINTINAINIANANY
1 1 % Qy Y 9J Qy 9 1 Qy 1
Todaugy Aanansuay AuFIeDUYeIFUNY F1a19309FUI YIIUU Y11 1Az
4 o . 44 o 4 o4 4
siunuides meziuewawesgluuvvesglamasunendledns maglamiasuiiaziing

o Y A Y v A Y o a A o A
VI"IHNGUE’NE‘]JLHJTJQ'JEJ L'W@iﬁllﬂﬂa"miﬂaLﬂfl\?ﬂ‘]Jﬂ’J"liJili\ﬁJ”lﬂTlfjﬂ muﬁmclumﬁm 4.7



103

i Y
MINN 4.7 LEAIAIMIMNUMSHILazlsenouruau

AN 3 slnvesFuny

Assembly Parts e Aanans | dhovu | dhoans | vwu | amaa | 9o
1 20 8.96 9.08 8.66 8.78 8.98 9.14

2 20 9.13 9.12 8.85 9.05 9.12 9.25

3 20 9.17 9.23 9.13 9.08 9.23 9.32

4 20 9.25 9.31 9.6 9.18 9.27 9.54

5 20 9.37 9.35 10.1 9.23 9.32 9.86

mae 9.176 | 9.218 | 9268 | 9.064 | 9.184 | 9.422

ANANITNAAOVIZVUMITNINUYDIUATOITNIAULVUN 181N 500 NI
Y v A o P v v
MIHANITATIVTOUAIIMN Tasnsaumgdunuitiiua l3iaugndes ndesdiunsn
9
Aunugluuy vaz TdsunsuamsaveninalumsdszneuFudiuldedregndes 1z i
Y 9 ]
msiszneuduauldedagndesnunuInsnedmvesud MNAT T UNY
4.3.3 Image Calibration
1INMINATOUMININIUVDUATOI N3 MNUAR MLV IARAIEA N0 Y
) H Y
1114 MU UNBAYUA Coordinate 1301 Robot U915 11137 @M1 Robot 11l1iu Taiase

v o 1 [ a a 4 1 1 a ' { 4
DUV UIUVDIIAY DI iﬂﬂﬂTﬁ’JLﬂ513ﬂW‘]J’JT]jﬂJuWTLH%zlﬂﬂﬁnﬂgﬂfﬂﬂﬁul@%}inﬂﬂé}@\i Lﬁ@\ﬁnﬂ

=

Y W v = - e o o q ¥ (AN ¥a . . A
ﬂﬁ@thiJllﬂ'NQ‘l/ﬁ]@fNﬂﬁ'Nﬂ']‘WLLﬁ%lILLU'J@Qﬂ'IﬂﬂiJﬂWW ﬂ?clﬁgﬂﬂllﬂlﬂﬂ Distortion UASLU®

Q

v
Y v w

4 v
AMuIummurUIIZnaNIAana1aIu I A9ius1999n15 calibrate nIMa1e7 1A91nNd09
o 5 o 4o R 4
@onou vzmiu 1a119alanling Error iniige asaaslunsiai 4.8

INNITNAADL IINVAINNUHANAIAMUNY x  92GIgad &, =10.59%
AMTVNNANMIGAY 41 LATAINIUAU Yy ITAANAIANNNGATN &, =7.14% Nnau

HugLY 2 u@iﬁ'"umﬂmmmﬁﬂwmmm NNTUNT

2 2
& = 1/6‘)( + 2 4.2)



104
Y a a dy d' ' [ d'
%z'lmwmmwwwmmﬂmuqummﬂu 10.621% NWNAUN8LQY 41
Y H Y H
driFumseae 11 ugasenanitnanNuAanaIaTMuNIUNga 10 suauLsn adudaslu

A
M1TNN 4.8

= A =
13NN 4.8 LAAIYANY Error NINNTA

X error Y error Total error
Number

(&%) (€,%) (€,%)
41 10.599 0.771 10.627
1 4.164 6.672 7.865
2 1.295 7.142 7.258
3 0.759 6.907 6.949
9 5.676 2.829 6.342
33 6.061 0.863 6.122
25 5.374 1.491 5.577
6 0.566 5.141 5.172
10 1.643 4.347 4.647
4 0.428 4.478 4.499

Y
S A

3 9
11NA151992 1A IANVAANAINIZNATUNINUTIVUVOVVIFY NITp991N
a ° { o < . ' 3 {
1AA Distortion VoI nin Iimni lalanyazitlunin Perspective lailailuniniuesuny
Perpendicular
434 MN1A919M3 Calibration
A @ g’/ Y o 1
NNMINATOVIATOIINT TUATILTAIT1 IANDMIIedmielunsdsenou
2 o 1 ~ Y 1 Y = o 1 A Y . . Aa
Youruau 63 liansanivzlsznen lded1agndes 1519992118110 19910115 Calibration N
1 1 4' 1 A v Qy d' I Ya o
A1 Error  M1¥Area1 tiolszuianariainnalumstsenousuau e ld lannalunis
i v "o I sy v ' < Yy Ao a
Usznoungnasuazuiudnniu aran lannmssareannaeg lanainihwinSeuiion
1 VoA Y ° A 9 o o [ [ A d
senanan ldnourhimssaenazai lanaInssase 19zenddeganyuz Milugiuuy

29nauu aauaaalunsan 4.9



105

A1 19N 4.9 UFAIAINAANDUTALFILALHAIBALYE

[1 9 v
Nﬂauﬁmmwmm NNANYUUNVUIDITUITU
f‘ll@u Calibration ‘PTETQ Calibration f‘IIE]‘L! Calibration ‘Vié’\‘l Calibration
F Y
A543 X Y X Y A543 X Y X Y

1 -504.33 | 184.07 | -504.08 | 182.45 1 | -489.569 | 159.02 | -488.88 | 158.11

2 -504.36 | 183.97 | -504.11 | 18234 | 2 -489.64 | 159.03 | -488.951 | 158.18

3 -504.29 | 184.09 | -504.05 | 182.47 | 3 | -489.751 | 159.02 | -489.063 | 158.16

4 -504.62 | 183.45 | -503.36 | 181.87 | 4 | -489.959 | 159.02 | -489.272 | 158.14

5 -504.32 | 184.02 | -504.07 | 182.40 | 5 | -489.464 | 158.97 | -488.773 | 158.13

6 -503.91 | 183.47 | -503.65 | 181.87 | 6 | -489.481 | 159.08 | -488.792 | 158.24

7 -504.72 | 184.08 | -504.48 | 182.43 | 7 | -489.434 | 159.08 | -488.745 | 158.24

8 -504.29 | 183.98 | -504.04 | 18236 | 8§ -489.62 | 159.01 | -488.931 | 158.16

9 -503.68 | 183.51 | -503.42 | 181.93 9 ]-489.789 | 158.98 | -489.1 158.12

10 | -503.68 | 183.51 | -503.42 | 181.93 | 10 | -489.424 | 159.03 | -489.731 | 158.19

] Y 1 ]
1Indoyan 1d9nn13 Calibration Hazih 15 1enusa NIz MIA1 Parameter 1115
~ o 1 Y <3 o 1 a Y 1 o éf
Tumsnlasuudasdwmisluglnw Wi udmiasnesmennldududuniv uay
v A [ ’ [ 1 1 ] 4
Wa991n7151 1891115 Calibrated  11/511n5UA28 Parameter AINA1 1T INUIHUSUAVD LT
A ~ o A o 1 o Y Y 1 o =
awnsanaoun ldanduiisvesiag Idedrsgnasaazuiud nazd1w150M92919 (Place)
& 1 Py Y Y [} o dag =2 o Y A [ 9 A Y
Fudruvesruau laedgnassazuiudunniu Jeezinliiasednsdunuui ldeenuu
A o Y 1 Y 4 tg [ A o (=
wasanazinanldediegndes nazauysainuvuiniuninluaeuusnidaluiinig
Calibration 39%111%N13 Calibration Jaundanaaemiuvedszuulumsveniinalunis

2 a9
UsgnouFuaIUBNAIY

44  aywamInaaey

Y i1 Y
NMNNINATOUNIADITLUVYDUATOITATAULLVUY 52UUMTHINIUVEIganaln
2 4 Y v r 9
audoaruuea Tudad mSumMIduas T U 1azYATUTATUIUINETBNITATI AU
Y 2 v v
Funuruusnag ldnailszum 20 Jud uatuae q ldsgldnarlums Ivaldaudanee

1% Qy a Qy Qy I Qy A o Qy
IWFUNUNAYsEIW 5 N LW31$“HU\1']UGI)"L!Llﬁﬂlﬂuclflx!ljﬂgljusllﬂ\iﬂ'ﬁ‘ﬂ']q']u ‘Ifuﬂu%”lﬁa



106

v Y v
99NN Store 91528z N 1N Inan19zdAIUTUIIU LaTFUAD 9 11z Inasenuiain Store
1 A o £ A 2 = o Y ~ A Y
ABIOLMITUFUNIUINDTOATINAOUVRITUNIUILTN DarzihInliszeznarfanas nai gl
9 A 2 9 a a2 Aq 9

MIasaeUsen oM Uuuuvessuuaz ldnanseum 2 Juiau naildlums

A =~ a £ = A " 1 2 \
waoud lwanFudiulumsisznovazinarfuanaesnuamuuaaz JUUDYFUNY LAz
Aa o 2 A o 2 A 1 9 A a =1 2 U
wnavesrunuiazii lllszney Fngeais q 1dnaumdelszum 5 Jui/au daunains
o A g).l o 3 ay o 2 = 9 a ~
manuvesnsosnruaiunnEIvaumsauluduusn Taemaege: Inanl s 6 Juil/
Y Y Y v
FU NTIZRZUUNMTTIUVDITZVVIINFUIU 1Haenu191n Store IUAUFANTHINUYD

A~ <z £ s Y 2 D) A ) a a2
53‘]J‘]JT@EJ‘I/HJﬂ'IT]Jﬁgﬂ@ﬂlﬁiﬂﬁuﬁhyﬁml!ﬁ?ﬁﬁ@@ﬂﬁlfuxi'lu %ﬂm’muaaﬂum 30 AUIN/BU



a
Unns

asdnuddauazdeiauaniz

a W
51 ayUwamsddn
au A4 ) A oy A ' @ a
NI BNIUVIA AT IATOITNTAUIUD INONTODNUL VY UIUALDUNDL
Hq v < A o &2 A o 9 Y, )
1Az 9N 1F I UUNTUBUNUYBUATDIINT FUATeIdnTauUuuVUL ldvonuuuldaisovsn
Qy a o Qy 1 1 d‘ Y o A
sUnuvvesruaumazinalunmslseneuduaivan 9 Taggdununlamvua Ae 29naw
~ = = = I ~ 1 Y] v A v A =) 9
sy mvaey Fuugduuunuanaanurazdilun1sIedINnaInna1eanale
A v < A oA Y (o o A o ) v A a 2
o lstunuinavselslivlanismauveunsostnsaunuulvulssansawuinayu
d’ 1Y 9 I ]
NIMIEONUUDIATEIINST lanuili 2 szunlna 9
v Y Y
1. szuuna lnmsai@earuanues 1uia lasa 1maueansd1aeasuauda Tusianu azld
=1 I o
PLC KEYNCE KV-700 Tag3l Module Input KV-B16XA 1182 Module Output KV-B16TA 11 uginsal
] [ 1 Y
dam3 Taodan15HIU Program KV-STUDIO e 15211319 1uesyansd 1aeauauan
=1 v Qy d’ a =
Store lJaudsgaiuaunUmesomMsasIvToU sz 20 u1H
< A @ Y 1 < 1 A
2. MIVDAULUTZUUMITUDIT UUDAUATDIVNT 151928 0904 Talsunsupondlu 2 aruie
%281 TNV UATBITNTAUIDY TABLTa@IUVDY Program NI Vision Builder, National
Instrument LabVIEW
2.1 Program NI Vision Builder 1%114n15f11iua viiavesnaeei 14 lumsaum

o v ) a0 A Yo Y 1 4
ﬂ1ﬁuﬂ§ﬂl!ﬂﬂiuﬂ1§ﬂuﬁ1 %Qiu31u3ﬂ8u15119ﬂ1ﬁu@ 3 LL‘]J‘]JUlﬂLLﬂ WNWNAY F1ULNAYY

'
= °

A Ay ° a A 9 ' v A Y
WAy, NTUUAAINVIHUDUYDINTINNAUN, ﬂ”l‘l’il!ﬂﬁﬂli’)ﬂﬂ"l‘l/\l‘ﬂﬂﬁ@ﬂﬂ18"lﬂl1/\l®1‘]51uﬂ"li

o j‘ ! [ o ' 4 {
UHI, mwmwuﬁuamamwiumiﬁ'um, ﬂmuﬂmu‘wuQimﬁmmwmgﬂgmuﬁ%ﬁ'um

- De .

Y

=2 [ [ ) A k4 U A [

FalisunsnaziinisasrsaeudnyazvesgduuuFuaun lda1nnisaienin meiinig
= [ d’d o Y Y o [] &

nFeuieuiugduuuiimstivualineunih nazvendumiagananatsvesgiuuy Tagnis

! { o sl o {
asnaeunuNlsunsuldimsasanugduunidimua’ld o8 wesidua Tasldaunaslu

9

NSATIVABY 2 I YOITIWIUNTNATOUNIHNA 1azdIdINITOVBNDIAHUINTT
L Y Yy oy o o 1 oAy y I o
Uszneurudiuldedngndesdndie Taasvzihdumisnldannsasvaeududi lds

1 1 d' 9}0'/ Y d‘ d' a Qy d‘ o
Tsunsuaruae liloas 1ddan3 19 Robot tndeun lnsuFuanuneihulsznowu



108

2.2 National Instrument LabVIEW Glﬁffaammmzuumiﬁnmmmm%ﬁﬂi
v A A4 2 v = Ao 1 Ay Yo v A ¢ Y v Y o
AUy vz FUUgNIUTad i ladmua 13 Taesudimslindealdm
[ A I Y o 1 = Qy A 9 A Y o [
mnemwne v 1dgUuuvuazdunisganinarsvesruauinteninld we ladwmiiaga
X 2 Y o o o ) T AW Yq VS J a A a
919U UULIa? 321 T smunandasadmvdan 18 1 uaes unens oy
ay A Y A a 9 o 9 (=1 3‘/ Y [l o & A
narmseFua e ldmndluswdr T sunsudiezdeanlasmdnaivldog lugadidaiie
] Y 4 A ~ a Qy 1 9 1 Y 1 o
dams Iijusudinaoud llvduFuaiuwnilsznonldedegndoaazuiudrimunuinis
v H [
1MIU035UY Tasmasudr19ma11un 1591191 UY09n T VIUNTHUITOUNITHIIU
] v 9 1
25 i TagisuAUIINFUNIUYNEI00NIIN Store IUDITUFANTHINU TaoNTinsdIoen
Qy A ~ [~ aal 9
Funudeiimlsznou@iaaunLan
1 Y 9
NNTODALVUTLVUNITNINIUVDUAT0IINTAUMVUUNG 2 TZUY TZUVAINITD
o Y ' Y 1 o [ < 1 ay Y o ) dy
i ldedrsgndeauaziud Tunzidlumsasduaiueonain Sore 191 11dsgad 1009
2 = 1 Qy Y 9 o A Yo Y
FU91U (Conveyer) BIAI0ONTUNU Id01YNADININNTZUIUMTTNIOUN TdT a1 dau
YDITLUVNITATIAOUMIAUIFUIDDLA UondMUIgaNInaeueeg Uy szuusieu
Y 9 [ I Y Ay Yo 91 9 A o T a3
1dpe19gndns lunazitlumsaumeugduuunlamrua lineunimse msuendwmun
° [l o [ Y Y o I
aunsovendrigaguinalsvesgluuunnnmnie lded1sgndes Tsunsudunlauilu
o o A’ 1 o v 1 4 d' Y o d' d’ a Qy o Y
gamdunmziedmids lUdiueud e 1iuesudinaoun llvauruanuihunlsznou1d

[ 9 ] ) A [ 4
@EJNQﬂ@]’t’NLLiJ‘L!EJW]”IquS]ﬂLHJ‘]JTIT‘}JSLLﬂSiJﬁHﬂSﬂﬁ]‘]JﬂTWllﬂ

Y
5.2 VUslaHalUg
A A [ 9 A 1 4 a ~ 9
5.2.1 Lu@ﬂi]'lﬂlﬂif]ﬂi]ﬂi@ull'ﬂ‘uLW’E]ﬂWﬁE]f]ﬂLL‘U‘U?jHEJH@]L!‘UUﬂﬂﬂllﬁ%’J'N‘Vlﬁl‘]ﬁ$UU
< 4 o = o & A £ ) o w EY
NITUDUNUVDUATOIINT llﬂ'J'llIﬁ]H’]Juﬂ%5@]@\11‘]591Wﬁ11’75ﬂﬂ15ﬂ5$11'36Wﬁ HINABDINIT
I a [ o
75299V UTTVVIA1939 (Real Time System) 5282 Iolnauazanuduveaaslumsiiau
=2 2 ' Y A £y 1o Y ' a J
%QMNQG\@ﬂWiﬂi%N’JﬁW@@’JUﬂWW NBANUYNADIULASHNUIIVSABIAIVAUATNITINIABIAN
v Aq o A
ma1u1wamagmm
= 9 A o Y ' 1 o ]
5.2.2 mmagmﬂmmﬂaamumﬂ% ’E’NN'ﬁﬁﬁ)ﬂ’NiJ!liJuEl'lGluﬂWi@]‘i']%ﬁﬂﬂ UINUI
Y Aa a v v o 2 v =
ﬂ’df)\?“l/lllﬂ’ﬂllﬁ%!,fJEJﬂq@u11%ﬂ1uﬂ’)1ugﬂ@1@chuﬂ1iﬂi$ll’3’dNaﬂﬁ]%iﬂﬂ"lluﬂﬁfl LLﬂ%GlHQWH‘ﬂ
Y ] ) A Yy 9 A = ' <3 da{ 9
G]f)\‘]ﬂ'liﬂ’ﬂlll!lluEl'lt;f\‘]ﬂ’ﬁi]%l,ﬁ’é]ﬂi“])’ﬂﬁ’é]\i“l/]ﬂﬂ’ﬂhﬁgmﬂﬂq\i Lmi'lﬂWﬂfﬂ%q\‘ieUuﬁanl‘]Jﬂ’Jﬂ
[ o 1 4 < 1
523 ﬂTii]ﬂ’JNG]”ILL‘I’THQ"U?Nﬂéjﬂﬂlﬁﬂﬂﬁﬁi"]%ﬁﬂﬂ ﬂi]%ﬁNﬂ@]ﬂﬂ”ﬁ@i’mﬁ@ﬂuﬂ%ﬂ”ﬁ
o ' Yy =2y o o ' QY A A
']Ji’]ﬂ@”ll!ﬁl!\ﬂuﬂiiﬂigﬂﬂﬂﬂﬁﬂ i]\i@]’tNi]ﬂ’JNG]”ILL‘ViHQGl‘I’TL‘ViﬂJ”I%ﬁiJ muauwuﬂumimw

v
AU



109

o [ P 9 a a A 9 o [} =
524 lumsihgednwiguasainlslussuuiivuan e ldssuuiaiuedial
A A = A T oa YA 9 o 1 2 A = o &
dszdnsnm Felgiiwy wu Tz lddsedluszuy ailinaidoTasase aaiunis
1 '0 4 1 9ol (%] 1
asvdeUszuUReaae e luldtiiud liivey
4 Jd 4 g’; {
525 1ileanngUnsaia q meluasesasreaeuiiu 19 dihnszuansai 24 v.
Y 1] [
wazymsudad Ivnanuioudas 220 v. daiualsszaiase i luGosvesmsdeuldnan
unasane I madenalag
o [ a I Y =1 [ 9 Aa oA
526 dwmvuuinamsdszgnalalumsFeumsasussaunealianis o199
' Y
muszuunalnlumsiFuciudeeenuawaeniudnasanladiigsz vy uazszunnms
v ay A o < Qy 9 A @ 1 o A d % wa A
JanuyuOUIMMsUseneuEsvduLd) emsnanngssuumsmhauniuuuusa Tuldan

Y
auysainiuae



Y A
INBUNIID NN

nudss nidszenas] msTaBenadie LabVIEW. aw13i3mnssuaieana aninim
Aranssumans umanendoma Tuladgsuis

Chen, T.Q., Murphey, Y.L., Zhang, J.X., and Zhou, Y.N. (2001) A Smart Machine Vision
System for PCB Inspection. /EA/AIE.

Guerra, E., and Villalobos, J.R. (2001) A three-dimensional automated visual inspection
system for SMT assembly. Computers & Industrial Engineering 40. (pp.175-190).

Kim, S.M., Lee, S.C., and Lee, Y.C. (2006) Vision Based Automatic Inspection System for
Nuts Welded on the Support Hinge. SICE-ICASE International Joint Conference 2006.

National Instruments. (2005) NI-IMAQ for USB Cameras (online). Available : http://www.csun.edu
/~rd436460/Labview/NIIMAQ for USB Cameras User Guide.pdf

National Instruments. (2007) NI Vision Assistant Tutorial (online). Available : http:/www.ni.com
/pdf/manuals/372228h.pdf

National Instruments. (2005) NI Vision Concepts Manual (online). Available : http:/www.ni.com
/pdf/manuals/372916e.pdf

Prommarak, N., and Chamniprasart, K. (2010) Damage Screw Inspection Computer Vision Prototype
Machine. Proceedings of International Conference on Data Storage Technology (DST-
CON) Bangkok, Thailand.

Wang, Z., Huan, Y., Ji, S., Yang, G., and Zhang, L. (2006) Detecting assembling quality of
Razor Based on the machine vision system. 5, WSEAS, pp. 49-52

Watanabe, T., Fujiwara, T., Kusano, A., and Koshimizu, H. (2007) 3D Precise Inspection of
Electronic Devices by Single Stereo Vision. MVA2007 IAPR Conference on Machine
Vision Applications.

Youssef, S.M., and Salem, R.M. (2007) Automated barcode recognition for smart
identification and inspection automation. Expert Systems with Applications 33, pp.

968-977.


http://www.ni.com/
http://www.ni.com/

MANUHIN N

a d' Yo A A d Y
‘lJTlﬂ’ﬂiJ‘nN’J“lﬂmﬂl"lﬂTl.lm‘JVIWN‘W!NmEWi



112

A a d' Yo aa [ '
‘51El‘lff’]‘lj‘i’lﬂ’ﬂ3»11’]13'J‘lf1ﬂ1iﬂulﬂ‘iﬂﬂ1§ﬂWNW!Nﬂ!!W§

Phansak Nerakae, Pichitra Uangpairoj, Kontorn Chamniprasart. Prototyping of Flexible
Manufacturing System with Machine Vision. The 2" International Conference on
Engineering Science and Innovative Technology (ESIT 2016), Phuket, Thailand,
April 21 —23 2016.



113

Paper ID 127 The 2nd International Conference on Engineering Science and Innovative Eslf
Technology (ESIT 2016), Phuket, Thailand, April 21 - 23 2016 e==rool6

Prototyping of Flexible Manufacturing System with Machine

Vision
Phansak Nerakae!, Pichitra Uangpairoj?, Kontorn Chamniprasartz*

Abstract

Automated manufacturing system using industrial robots are now widely used for manufacturing process in
industry. Robots are generally used for pick and place process in an assembly process. To pick up and place things in
the right place, the robot must be programmed to move to the precise position. However, when the production line is
changed such as minor model changes, the robot must be reprogrammed in order to work with a new model correctly.
This process is time consuming and the production line must be stopped. To overcome this problem, the prototype of
flexible automated manufacturing process is introduced in this paper. A robot is integrated with machine vision
systems. In this system, the machine vision system identifies the model at current location in the assembly line and then
the machine vision system identifies the exact location of pick and place location for part assembly. LabVIEW is used as
a machine vision engine that sends information of coordinates of pick and place location to robot controller. The robot
then performs by moving end-effector to the right position for assembly process. The machine vision of flexible
manufacturing system is utilized not only for model changes in the assembly process, but also for the cost reduction of
jig and fixture of part holding. The robot can identify the exact location via machine vision system every time in
assembly process, consequently the precision of jig and fixture is not required. The results show that the system works
very well. The speed of production line significantly decrease compared with the old design system. The accuracy and

precision of robot location are very good.

Keywords: flexible manufacturing system, machine vision systems, pick and place process, LabVIEW
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1. Introduction

Currently, the factory automation industry has brought
in to assist in the production process. To get enough yields
serving the demands of the market, one production line
has a lot of machines that are used to produce a single type
of products. The important part of the process is assembly
process [1]. The pick and place process, a sub process of
assembly process, requires a precise location for
assembled parts. The change in model leads to the change
of part location. Each model is different in its size, position,
and orientation, while it must be compatible with a
number of different products [2]. When the product
models are changed, the delay in production process is
caused by machine adjustment, conveyor adjustment, and
software modification. Consequently, the production costs
are raised by the inverse in labor cost, machine and
equipment cost [3].

This paper proposes the devices and method that are
used to develop an effective inspection system. The human
vision is simulated. The computer vision system is
integrated with the division’s work of a single production
line to locate the assembly space of the work piece and
identify the geometry of assembly space. Thus, a single
production line can be performed effectively. This system
can save time and cost for adjusting production lines. The
system works through the following steps [4], as shown in
Fig. 1.

1. Object Inspection - a main part flows along the conveyor
belt and stops at the specific position for checking the
geometry of assembling space.

2. Camera - the image of the part is captured using
camera.

3. Image processor - in this step, the captured image is
compared with the reference image in order to specify the

geometry of the matched assembly spare location.

e

The 2nd International Conference on Engineering Science and Innovative Esl
Technology (ESIT 2016), Phuket, Thailand, April 21 - 23 2016

4. Controller - robot controller commands the robot to
move and pick up the correct assembly part, then finally
place the assembly part on the correct assembly space.
5. Scara robot - the robot performs all instruction

controlled by the control system.

3. Reference Image Signal

l

2. Camera 3. Image processor

?

1. Object Inspection

L

Fig. 1. Schematic Block diagram of Object Inspection

—_—

5. ” 4. Controller
Robot

System.

2. Experiment

Vision systems are designed to identify model
component model and the orientation of components. In
this experiment, model components consist of (1) A main
part which flow on the conveyor belt, and (2) An assembly
part which is stored on the storage station. The assembly
process must be done correctly in order to complete the
production. The design stage is divided into two stages
which are (1) Hardware design and (2) software.

The system composed of hardware design composes of
Camera, robot, and end effecter of robot.

Vision Module uses the USB CCD Camera with the
resolution of 640 X 840 pixels to capture the main part on
the conveyor belt. The brightness of the backlight at 700
Lux makes it is easier to create image processing software

of LabVIEW.




115

Paper ID 127

We use Scara Robot model IX-NNC6020-5L-T1-SP to
receive processing information. Then it is programed to
move to the desired location.

The end effecter of the robot, a 10 mm diameter
vacuum suction head, is used to hold the parts in assembly
step.

The software consists of LabVIEW NI Vision, and NI
Vision Builder.

The system uses the LabVIEW NI vision software to
develop computer programs for detection. The program
can tell the position and orientation of the parts. LabVIEW
is also used for communication between the robot
controllers by sending part location to the robot.

NI Vision Builder program is brought in to define the
format of the program such as the configuration of the
objects that needs to be searched, color, brightness, area
search, etc. This vision builder helps the program work

easily.

2.1 The positioning of the device

Robot is placed at the center of the base. A camera
mounted on the tip of the robot. The work pieces the target
location, flow along the tracks conveyer. When they
reaches the jig is assigned to hold a workpiece.The
convayer is stoped to capture images using camera, as

shown in Fig. 2.

CAMERA

WORK

-1/
- CONVAYER -

Fig. 2. The position of the workpiece stop and camera.
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2.2 Algorithm

The first pictures of the parts are taken for processing
the images using high-resolution cameras. The vision
system uses a compact storage system to import images
from the camera to the LabVIEW software to start
monitoring. To create the application, we have to add and
confit process monitoring. In the process of checking, the
image with the image acquisition will be simulated by
loading images from a file. Data from file, will there be a
model, framework of the model and the mid-point of the
model, there is also a selection process match the captured

image with the reference image, as shown in Fig. 3.

wornin

Fig. 3. Models assembly space and assembly part.

The algorithm comprises the various analyzing and

processing functions illustrated in Fig. 4.

Actual image inspection J

4

Searching area selection J

R ;

’ Geometry and center point of

the geometry determination

£

Pixel Transformation J

—

Fig. 4. Algorithm chart for object inspection.
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2.2.1 Actual image to inspection
Fig. 5 shows the image of the main part is captured by
visual inspection. The resolution size of the image is 640 X

480 pixels.

>

j X=640 Pixel =255 mm

Fig. 5. Example of the captured image.

2.2.2 Searching area selection

The searching area is important. It defines the
boundaries of the search. The position and orientation of
the object that we are looking for must be in the searching
area, otherwise we cannot identify the right position for

the robot end-effector, as shown in Fig. 6.

et 8 fy

Fig. 6. Searching area determination.

2.2.3 Geometry and center point of the geometry
determination.

In this step LabVIEW is commanded to search for
geometry of assembly. Moreover, we have to set up the
form and the geometry, framework of geometry, mid-point
of geometry, of the assembly that we need to get from the
storage station next, the program tells the halfway point of

what we are looking for. The program inform the pixel

along the X axis and Y axis of the photo, shown in Fig. 7.

|

o B

Fig. 7. The captured images format and a specific pixel of

the image.

2.2.4 Pixel Transformation.

When we have the pixel coordinates from the previous
step, we need to be convert the pixel coordinates into the
coordinates in millimeter using conversion factor of
0.138425 mm/pixel in x-direction and 0.1351095
mm/pixel in y-direction.

After that, we have to convert the coordinates in
millimeter into a series of commands of IAI Protocal B that
is used to control the robot movement in the pick and

place process.
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3. Results and analysis

The combination system of vision system, LabVIEW,
and scara robot can work very well. LabVIEW told the
nature of the geometry, mid-point of the geometry, on the
assembly space on the main part. Is detected and is
matched with the reference geometry correctly, and can be
specified the position of assembly space in the form of
coordinates (x, y) correctly as presented in Fig. 8. Finally,
using the command set Protocal B, the robot can pick up

the correct assembly part and place the assembly part on

the main part perfectly.

Place position
X

Commands of 1Al Protacsl. 8 ]

Display screen
= F =

Fig. 8 Processing of the LabVIEW

4. Conclusion

The prototype design in this research shows that the
integration of machine vision system with industrial robot
can introduce the new flexible manufacturing systems.
This machine vision for flexible manufacturing system not
only helping when model change in assembly process but
also help in mixed manufacturing system where variety of
model can be assembly in a single production line. This
research shows that this concept can be used in the
industrial manufacturing system in the future.

The program can capture the form that has defined.
When the image is detected in a file, we will have position

midpoint of the axis (x, y) shown in Fig. 9.Then the

e
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program will convert the midpoint to be. To command the
robot to pick and place components correctly according to

the position.

AF; = ] B
Fig. 9 The captured images format (left) and the

coordinates X, Y at the center of the assembly space

(right).
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