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PHUWARIN SINMAROENG : MACHINE VISION FOR PLANAR
ROBOT PART TRACKING. THESIS ADVISOR : ASSOC. PROF.

FLT. LT. KONTORN CHAMNIPRASART, Ph.D., 98 PP.
MACHINE VISION / 2-R PLANAR ROBOT

This research is aimed to design and prototype a laboratory machine for part
tracking. This research improves machine performance by adding machine vision
system and dublicating a new part of robot prototyping. This research designed
machine vision for image processing, built 2-R planar robot and combined both
system together. This system starts by designing of 2D image. Next a webcam camera
captures a prototype picture and processes the picture using image processing
generated with MATLAB 2014b software. Coordinates and angle obtained from the
image processing are used to control the prototype 2-R planar robot for drawing the
dublicated picture. The stepper motors of 2-R planar robot are controlled by
microcontrolled Arduino. As the results of the study, each system can work properly.
The machine vision system and the 2-R planar robot also work together efficienly.

This research has size error less than 3% occurred from machine vision system.
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$1157199 2.2 D-H Parameter of the 2-R Robot
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~ FY 4 A A . 1 4
MINFAUNI5N 2.10 92 1AANDINITIAADUN (Translation vector) YDINUIUAAIL
a o Yo dy
LUINNA xyz lanai
A s A A A
1. AU X UNAWeSMSINaoUNAe p, = 1y + locys
A s A A A
24N Y WNANDINIAADUNAD py, = 115 + 1551
=\ 4 di d’d (=} d’ ~
3.4 z Inamesmanasunae o (lulimsmasunlutuiunu z)
[ dy 9 4 A ~ 1 [ L v Y ]
mitlez ldnawmesnismaoufivesunuaie 9 vesusua lunidoae live
T = A A o ~ A Y, a /=R A o o v
naMdnguneInuLsudeanuie llumsinsizdnemsau loavesiaguazmsin1d

Jaglumamsau’loa

233 Msmaumsvaumanifounduvesiuaun
{ ] v 1 1 Pl ° ' ] v .
Tunsaid hinswuaazuruvesusuaazdosiigumlalunisnaoui ua
1 o VoA ] = 3‘.; A v < Yas 9 [
nIuNSmrisinuueud ldaiudawila nensaldisnmsvaumansdounduves
1 ¢ A A 1 S 1 A A 9 Y
HugudmoNozasanyuveusudnuaazuyuszmaoui l1a Tagsmauugin

gumMInmMruad U Idunaunsi 2.11 uag 2.12
p, =hec +1,c, (2.11)
p, =ks +1,s, (2.12)
d’ o o ] o 9 1Y [ I Y ) [
WO AUMIIA VUG 2.11 1ag 2.12 Wvidounay sz 19 laaumsdnsuy
1 35 1 4 1 A Y 3’/ = B~ T A =Wl
WIAMYUNITDIV0 VU UoUADONNT Taouaazyui ldoonuiuuazlinuiludeosn Ao e

3 A 2 o v Y S '
Lﬂuagummzazau Lu@dmﬂmﬁ%::'lﬂmmgmmqﬂmﬂmammuuu “lmmamqﬂmmm

A A [ A 9 daf [ A
naeuUN luanyuz UV YodanIuLazal ﬂ\iglhfl 2.9

elbow up

~d elbow down |

~ 9 49! 1 4
gﬂ‘ﬂ 2.15 uammaﬁaﬂmuuazawamuﬂu@



24

9
% [

Y
NHUIY Tl”lsl,ﬁﬁlﬂﬁllﬂ"liﬁ]ﬁuﬁiﬁﬁiﬂﬂuﬂaﬂelli’)ﬂﬂuﬂu il ﬁi’)

1. ﬂ’iil!"’l]ﬁ]ﬁ’i]ﬂ"llu

+p,bs, + p, (I, +1,¢,)

6, = atan (2.13)
Py (Il + Izcz)_ py (|252)
SZ
6, = —atan—= (2.14)
C2
2. n3dlTooNaY
-p.Ls, + l,+1c
6, = atan Pd:S, + Py (b +1:C,) (2.15)
Py (Il + |202)+ py (|282)
SZ
0, = +atan -2 (2.16)

d .
2.3.4 lulasaeuinsaaas (Microcontroller)
Y
R.Hari Sudhan (2015) 11139811 1403 mmwﬁmuu”lﬂumﬂﬁmmaﬂﬂimﬂ%’iu
o 2 AYow
miﬂmﬂumimammmmaﬂﬁﬁ'ﬂﬂiu%’e‘) Microcontroller Tnafiazna1naeluauised fe
H ] [ @ 1 o <
Microcontroller 81 ® Arduino U ATmega-328 Miansaizisula nisviiauiluuuylnu
dmszneudiAgiiinnldlse noufuilue el 1dun oIS UTyn I azeDn 14
Y
04 NAMVVAIN0ALAZOUITDA “1%‘11/4@?1“114mimmnmiﬁnmmmmma"lﬂemm"lﬂ 5
v aw Ay y Y . t =
VDC-12 VDC aaonszud 40 mA Tasaiudvol laazil 13 Tusuinn microcontroller H5mile

sudu q wlivnumdrylugaamnssuiiesmisvuianngiasauazai i ldamise

q

A 1 ' I
VINUNITAILANAN 9 15U RS232, PLC 14 1iludu

4
I A

s o =
luTasneuInsames Ae gunsalNenunsaadwszuuniuau'la Tasginsal il
<} I t4 R o o Ax J v o ! v
ynaan wazdluginsaitszmnasnsgnihnimssuerfandumsiauais q 1ludaiu
2 A W Y @ a ¢ = Ld‘z:sl’ = 4 A 9 ]
193 FaUdnbazAdIenUABNN NS Faluntruedglnsaimelunilszneudleniiig

4 4 J 1
ﬂﬁginaﬂaﬂa'l\ulagWﬂﬁ?‘]ﬂll‘lﬂ'ﬁ!’%ﬂuﬂﬂllﬂﬂﬁﬁlﬂ 9



25

2341 dwlsznouiallvedlulnsneuTnsames

1. veilszydananand (Control Processing Unit)

2. MU IIAIIND éﬂﬂi%ﬂﬁ]ﬂﬁ}’w RAM (Random Access Memory) 0%
EPROM/ EPROM/PROM/ROM (Erasable Programmable Read Only Memory)

3. i8S UnAzIAAIHAT YA (InputOutput) Faflwesavenguuny LY
(Parallel) tta&®1 NI (Serial)

4. @ Ua1 (Timer)

5. mhsjmuﬂumiﬁumaﬁu (Interrupt Controller)

' v Az = ' &
drudsgnoumartiuimesdrudssnouiNugivuea

9
%

¢ =< J @ A A A A A a
TuTasaeuInsamss ¥ lulasaou Insamosuuditiaiulsenouod190Udn N INUIAL

4

Y
[N 4 1 1
anuanstuegnyluInsaouInsaaesuaaziiosale 1wy
| . [ v o I I [

- ADC (Analog to Digital) daumasud gy uewiaeaudas Uil udyaa

AvRoa
L. 1 [ aa I @
- DAC (Digital to Analog) @ umadsd g aaanoautaslibiludygia
<
PUADA
< y a @
- I2C (Inter Integrate Circuit Bus) Humsae q1TOYNTY uuugelasie
A ya oA v 4 % L4 =<
(Synchronous) 1 1¥Aaaedod1s sz luTasneu Tnsames (MCU) nugilnsaineuen Fign
9 v
Waru1¥u Tagw3 50 Philips Semiconductors Tae 14 eedny e og 2 1dumM 11U Ao Serial Data
< 4 1 J o v (Y o
(SDA) 1182 &0 Serial Clock (SCL) F3eunsniyouangilnsaiiiuiunats q aaiiaonu e i lg
Y 7 A ¢ AniE
MCU l#wosamiss 2 wosamniu
. . < A T o -

- SPI (Serial Peripheral Interface) 11 UN 13 NADNVQUNTRIIND TV
9 a o . A o a 9 = 4 1
Yoy auuuFalasia (Synchronize) U d Yy &) 18 UIWA VT I UABIVOITE 1 119

s . A < s Aa YL
ullliﬂiﬂf]uiﬂimaﬂi (Mlcrocontroller) Wiﬂ%glﬂuﬁgﬂﬂiﬂ!ﬂWﬂu@ﬂﬂMﬂWﬁiUﬁﬁﬂl@ﬂJﬂmLUU SPI

A o Y

{ g s a v < s
gunsaiinhniduindiaes (Master) TaginauaraziilululasnouInsames wioo1n
] Y1 4 9 4 Y a o Y] )
na121a7191n5al Master 92A03n2UANUNTAl Slave 18 lagn@aa Slave Wnazidlulod (1C)
Y Aa [ ] ~ a =~ a a . A I
WihAba1 9 1wy lodguugd, Todg1una1u1%N193 9 (Real-Time Clock) #3001913 U

TuTasaeuInsamos At lulvua Slave o ldunu

4

- PWM (Pulse Width Modulation) M3afedayanawaduuuaunlin

9

{ - { d' 4 o ({ 1 1 0’ d
emnsodSunlaounuduag Duty Cycle laioiinlUaruginsaiag q wu vewes Hudu

- UART (Universal Asynchronous Receiver Transmitter) 119 Winsuaa

9

doyauuvezdalasiadmiunngIumssudedoyatuy RS-232



26

4
23.42 UszanvedlulasneuInsaaes
J Y [ 1
luTasnouInsames Imenunatsdsznnuiaanuanilaenssy (M3
a o d'd [ % ] % dy
HaALAzNTZUIUMITINUTTIUMIUszuana) A lFumiuendediedail
J A v Y Aa . .
1. luTasaouInsamesaszna PIC (USHNEWAA Microchip)
4 a o a
2. luTnsnouInsamesaszna MCS51 (USHNAWAR Atmel, Philips)

4 Aa v Y a
3. JuTasnouInsamesaszna AVR (USHNENAA Atmel)

u

Y a

J . a o <3| 0
4. luTasaouInsaiaes Arduino (USHNGWAA Atmel) 1Jun151i1 AVR
A 3 o 9 = ) ' 9 o s . o
WNVYY Firmware Boot Loader A4 159 1U 11y H9vouana19d115u1U05A Arduino N
4 @ A I = =2 a am 9 2’, 1
vosanaaodna b1 Ae1ilu Open Source Faru1e9e MIamwedITnrsadansluaiuves
[N < 1 4 o ~ ) A A A 9
Hardware 1319192111 1423993619 9 Moluvesa 1aza Tool Software Nzl unsoalionoz 19
= o & 1 J 9 I 4 ' Yo aw aa LA
Tumseumaan1e 9 asueia 42134 Open Source NIMUA dIWa lHIINITeNNAUNANTNIY
o 1 A A Y @ . 9
a121 e 115unsua1e q MReINUMIHAUI Arduino 111595 tazansagiarnsesnn
¥ ) 1o A& = < o { < a
Auuun s Iamunu Feted Ao Wunsaiwnasgiulumsvauifezdulydlusiang
= o v v o a 9 4 a g (% 4? v 2 [ I A
@ednu mszinianm lanteu lsnuuesasiaiinuuniu aaiu ludeduluGeses
Y ] A 9 @ ] 1 A Y
#79814 Source Code MADAIUMINAABTYNTINTIHIIU 1AZAIDI1INITADIVINDNIT 1%
] 1 9 4 dy
A lugtununie 9 azgniiaun1ela Open Source voIVDIAL
J a o a

5.1 TnsnouInsamesnszna ARM7, ARM9 (USHNANAA Atmel,

Philips, Analog Device, Samsung, STMicroelectronics)
4 A o a
6. luTnsnouTnsaaesnszna Basic Stamp (U5HNENAA Parallax)

v Y a

7. TuTasneuInsamesaszna PSOC (USHNAMAA CYPRESS)

4 A v Y Aa
8. luTnsnouInianninszna MSP (U3 HNEWAA Texas Instruments)

9. lulnsneuInsamesnszna 68HC (UTHNJHAR MOTOROLA)

10. luTnsneu Insamesnszna HS (LS HNANAA Renesas)

1. luTasaouInsamoinsza RABBIT (U H WA A RABBIT
SEMICONDUCTOR)

v

12. TuTasaouInsamesaszna Z80 (USHNGHER Zilog)

= s
23.43 mulsdeuldsunsuarugululnsaouInames
1. 1Y Assembly
2. 711 Basic

3. 1M1 C U0 C++



27

4. N1¥1 Pascal
o 1 ~ U &' 9 J Y
mugananinanluiesdu lulasaouInsamesuaszgasz 1414

a o 9

[ 9 9 da! [ -9 a o
ATUNNNIYI UAD1IATE)az 19 1d 1190181 YuogiuUTENANAA Software (Taona l1/ag

9
Y

o
14 a Y
sUUvENanoonu1 19 Support

~ 1 . . d' Y A
{38131 Editor and Complier) 1 1¥13eunun lulasnouInsaae

%30 11

0 d d
2.3.5 ﬂ‘liﬂ?ﬂﬂﬂﬂ]ﬁﬂk‘numﬂ\‘iﬁ!ﬂﬂ!1]953»10!ﬂaﬁﬁ')ﬁl Microcontroller

A Av Ay a = o J
Ivan Virgala (2015) QWu'JﬂfJuul@@‘ﬁ‘U15ﬂ\3ﬂ15ﬂ')ﬂﬂ3~|ﬂ’liﬂ’]\ﬂﬂ""@\?ﬁl@]ﬂlﬂ’f]'i

Y
Aawv A

14 o a o

YOIRD3AIY Microcontroller 1113381 1A 19 Arduino ATmega-328 IaguaUATIINTIVEAY

o Py ° '
MININULUY Full phase 118 half phase A28301005 NA1NI1TDNINUAY 1.8 deg/step Wah 1a

° s g o .
29NN1INMTNADIA8FDNNLIT MATLAB/Simulink lamannsaesuuuinau lduanais

@ Yo <3 a ~ 1 ~ S =~ A Y
AU TAgLUY Full-Phase 1a5UA1MM5 0Fayunganit Tuumef Half-Phase inuatosilos
Y

a1 uazlunistaninisnunszua ITIwn91 Full Phase 9z dunszuauinnnlunsainla

U5IUANINY

4
A A

Shrddha Baldha (2015) 4113981 1da 511809015000V ULALT1ADINITHIY
s JY  ad A . = °
oo uomoIA1875 HSM %30 Hybrid Stepper Motor 4 11M15AUANMIHINIUVDY
4 gj ] o = g A = o @ o 3‘/ [] 1
vomos tuanuuiud lums ldsnunnhvnetianudamgunmsgmsiauiu lilsms
o a a @ o
MausuuFady Taslun1sinsizioz due uwani15¥19114v04 full phase 118 half phase
9 I'd 4 o ) I o ] =
AT MATLAB Tumsd1a03m st uiiaiueglun1sniuguiuy bang bang &4
] o @ g‘/ <3 { o 1 {
1NTFIBITATIAANIAIUANUEIAIN AW UIVOIWOIADS LAZANNAINITONHUIZTUVD
4 v 1 A A Yo A ax o Y ng ' 4 =)
OB 0E19MDI109 WAt 1asUADITAIT HSM au1sndlaodlanazIsisreldveomasi
a A ) z:id:g 19 a2 A9 o A <3 [ g’/
Yse@nimmmsnnunavy uadei@enododn lunisnlasulainnuiEd auiumsniugu
dyd 1 <3 A ] A A
A1e35 19 o I luanudrganTessiinmsunasfiun
Y v v
Barhoumi EM (2011) 1143481 Iae Sunamennuasns luifegaihun s Suilss
= 1 <3 4 4 Y o w a zﬂyd a
anuazdoalumsryuuimanosvesamiulesvemes lasdoinaveunaiintinosia
{ o 4 ] ] g}; a I~ a ] 1
asinazamnlsou q Tuegludugunuld dumsnvauuuuilalasdiuuinaznainia
U ~ I axy 1 dy Y A 1 o
pulse @uUNETOUTUMITOONUUVITMT INNVUNUFIUMNT 1HATOVIY neural HANITTIADINT
o s ] <3 4 = a Qtd'ddg! 'd%/ 1Y
Yuilgennuazieanmsvyuuimanansvesawminesuowesuilszansnavu uavuegny

NABEANUTIUY



28

9

Pratiksha N.Balai and Jimit A.Talati (2013) 91u3984 1do5u1edan1snaunwy

4 A g’; I { A 1
UBINDS UL HSM %30 Hybrid stepper motor tW31235M3AIUANIUY HSM Huiluiilouod1s

9 A <3 ax A 1 ) o oA = 1 I

ﬂ'J'l\?eU'J'l\uu@\‘lﬂ?ﬂlﬂu?‘ﬁﬂ’liﬂﬂﬂ’)’lllllllu&l’lmﬂﬂ@’lllﬁuxiﬂﬁglﬂﬂﬂ'qq Lmiuﬂ’]iﬂjﬂﬂlﬂﬂullﬂﬂ

a o [ [} @ = =\ 4 ~ 1 = 9 a
']\‘H]ilﬂﬂfl\illllﬂ !,‘Wi13mmauﬁuamEmmmhhmLl,azﬂanaiymmlmmm G]f\?ﬂ'lﬁiﬂf\?'lufl]i\?

H) s 9 1 v ¥ A a a Yy Ag
uull@m@5%3@@\3@@Uﬁu@ﬂ@]ﬁ]ﬂ’liﬂigﬂunﬂﬂﬁ\‘] lll't’]l;ﬂﬂﬂ'lﬂﬂﬁflullﬂaﬁﬂ'lﬁﬂ55&{]11!1/]!,5’3

a 14 a a [} 9 14 1 3’; 9 = 1 Y a
nu 'l vemesorunaanuianaia mig luaunsndelsmes lninnasela Fznelding

a o A 9 g . o A g Y 1 ] v Y
AIMUHNANAIATS TN AU ULIUDIAAYUDITNAU ll'i]m@5%@1“51“1591%31“1@1@8@5\1 [2IBNIZNG

s ° 9 a A Yt A a ~ 1o
wuesuazeonuuUMInuldidluunuesile e lvnlszansmunguazunug



UNA 3

o )

EMIAUHUMITIVY

3.1 pann

£4
A

av < v 4 9 v Y a oA v )

nudvsilazitlumsesnuuurazaiunIesd UL UTE AU R JUiANIAIeN T 1FmS
< A o 1o 0 ' sy y oy X 4 9 9 =
VUM UV UATOIINI TIAUMTINNUVBIUEUAT IAa3 190U TasiTuAUAI8MSANYITZ U
< A @ A o ) [ Y =
mMsveuRuveuAIeIINIionsesnuu TUsunsudmsumsUssuranagnin 91n1uds
' {o & s A o 4 ' 1
datoyansuilullld lulnsnouInsamesieniuqumsinauveaniesduuuuae 1 Al
s

Tsunsudmsvldlumsiszuranagiamivezdesamnsoriimsadedoyanmaiionss
Y v v = A A o A Y Y o Yy 13
yoegamdunuu i ldmniigamenaziirldaruquinsesduunuliiauldedruay

Useansnmnga

3.2 ﬂ1‘§ﬁ%1\1§$ﬂﬂﬂ]ﬁﬂi%ﬂ?ﬂﬂﬁﬂTﬂ

3.2.1 mseanuuuszUUMslszaIanamn
L 9 ao Xy d‘ ¥ A
eI NNIUITeUADIN NIz AT 19Tz UUMsUszurananIn tieselunis
[ 9
PONUUVUBINNOONIUD 1INMIANEITOYAVOINNAULIUNADINTUTzUIaNANAITUNS
Yn o 2 A A v ¥ s s d &
AaTedaR NNz a1z uVlszuranan I inenis l5aenuds MATLAB 199 3%U 2014b &9
I A a @ a ~Aq ¥ g’; ] 1
WuTlsunsuntanuiisunuunnludmnsmszgdununinldoenuuy Tsunsuiudiene
<{ o Ao o o o ¢
anuinly wenvntyevuasartidiammsntilddszgnald ldnuauuazginsaidszan
1 A o 1 2 J o {
a19 9 Taed19s laa 3191111619 GUI 150 Graphical User Interface YUn191nWandunii lu
v 1 L I 1 { A 1 o a % 3 )
Tdsunsy Faniian gul idludrunldaanenugldnudreszuunsmia sauiunisi
[ @ t4 a 4 4
sUamuazdydnvaldnldaululdsunsuaouiaaes iosnnnisldau Tdsunsy
a A o o & A : [ ' '
ApuN A lugausn §lFrzaosdigdunumdanldaudai i liagzainaonisldau 34
@ [ 4 4 ' 1 o o o U
dyanvaiunuiie deasnisvaswazih 1140w TaggduuuTdsunsueziinsoienn
4 ) { 1 a I

sUmwAunuuieilszulanalaegnmwignaie sz l¥ismaulasinealdidugdnn

A Ao

TaouaazfinazliNNAA I (x,y) VIR0 LAz ITHINIToIUMNNAd MU uaz 14
d v A, X o 1 [
WanFumsai1egUnImale38n1s Curve fitting DU Spline Fevz i 1d Idnmnlidnyme
A A A o AwY o ] " Y o o k)
miouaseiiga waz TdsunsuazihnadwrusInin lduiimsmuiudleaunisni

a s A o o s A Y A 9 o 1
ﬂﬂ!@]ﬁ?ﬁ?‘lilW’ﬂHTllﬂﬂ’J‘UﬁliJﬂ"li‘VINTLlGU’ENiJE’JL@'I’E)iﬁ/‘lf’][lﬁlﬂii’)ﬂﬁuu‘ﬂ‘ﬂ‘l/n\ﬂu@’ﬂ]lﬂ



30

3.2.2 muilsznevvesszuuiszaanann
J g o @ { v
Tudmesszuumstszmananntiuigunsainly aegdd 3.1 1dun ndeaz
' Y a 4 o 1 s o L
gnasInUABNWIMGS TasnisszuiananimazinkmIuyeniiIs MATLAB 035U 2014b

Yy = @ ¥ A 9 ' s AAa o '
%ﬂlﬂuu%\i%3thfNGh/i!ﬂiﬂﬂﬂu!lﬂﬂ?juﬂu@]umuﬂaigu'lﬂﬂ’@\iﬂ@ﬂ’]\ﬂ”ﬁ@ulﬂ

= A 1 ks
517 3.1 uaaamareuaoglnsalszuumslszurananin
IS = v z:y
Taglisgazooanll
1. giamduuy
a0 A A g v £ £ o
NUITBHIZTNANIINMIaTegUnmAuuLy Taggmmduunuezviins
9
a @ < aa
PONUDUVUNTZATY Ad adeAuae 5011001 Taggamauuniivezdeuiluglaeiia
o S Y = v 9 1 < A 4
(2D) naannuugamauuuungnas 1z gnuaadluminga GUL e lilsunsunuaainun
1 lumsoonuuy asgili 3.2
! o & Y o o = Y o A
aourduluaesiimismimuagveinszaivuazihinmInyany aun
H v Y
Tsunsummua ae3ld 3.3 Feluaiveil ldneassesnuunlasldthnmduas Taednaass
£ = 1 = %’ a 9 A [ = 9 o ,i’ A A
9ADIIzINga luyesmhduauwieMuuaaveshnm uazlumsnagidaesi luiunn
I3 v A = ti} A o ! I A A Y o 4 o
Myuanagli 3.4 Faiunawnanzuveuwainsesduuuudnsaauld mining
Yy H 9 ]
ponuuuueniuiLd1iL TUsunsuazinannuAanalailo w1 nnuIAnNEINIT0V0

d‘ é a ad o 1 3
InIvINAgoU %Qi]gf]‘ﬁ‘lﬂﬂ'lﬁﬂWiﬂ%ﬂuﬁluﬁﬂuﬂﬂul‘l]



Camera USB2.0 Camera » Resolution YUY2 640x480 « Brightness 230

[IL]

Current brightness 229,57

l_adummd Line RUN

stop

SAVE

24

H Y H
517 3.2 naasnunlslunsesnuuy

Camera USB2.0 Camera * Resolution YUY2 640x480 * Brightness 230

[ IS ”

Background Line |
Color Color g

Current brightness 229,52

stop

(211

A o a2 9 @ Y
3‘]J‘VI 33 uammsmwuﬂﬁmmﬂizmyuazﬂmmmmugﬂmmmu

31



32

Working area of image processing

16 .

dl d' 9 1A d'
3191 3.4 ugasveuvanansaeenuuug AUy Tas liRuve AYD AT B INATD
2. ndesd s unIenIn
Yy dqu ao Ayy 1+ 9 Ay
ndoenldluauivell 1dun ndes WEBCAM CAMERA &% o0 WEBCAM
ANITECH §U IR160 214821889 16 MEGAPIXEL §14311 3.5 150 uAonouiiimesaig
Universal Serial Bus (USB) dnsasuszos Traald lddwsusunimginmdunny Taoa?
Y a 2 X 4, o Y a & 9 = 9y
ndedrzAnuInunuidnsueenuuuglnmdunuy Tasdaasliguniegiamdunuy 50

a d'l Y d' U = T Y 9
LEUAINT LW’Ol‘VigﬂﬂWWV]QﬂﬂW@@ﬂMTiJ"UiﬂﬂL‘i/nﬂUﬂiJgﬂﬂTWﬁuulm

517 3.5 nanINdos WEBCAM CAMERA



33

a d o [ [ ~
3. peuAnesd M Vs uIanan M Aagi 3.6
o [ 1 a g @ ]
dnsuluarvvesneuiuaes aulsznoundn o laun
- WihvonoNN DS
Y a ’q 9 o [ o w
HU1DAOUNUADS IFF1IMTUNITUAAINavU L TUTUNTUNIA
szuiamann ma“lwm 1o la3neanumsalinauves lsunsy
- KEYBOARD
I¥dmsuilounazud lvgamdanng
J
-ynd
lddmsunisnatludidaaisueeTsunsy 15U RUN, SAVE 150

o o a o o <3 4 A o
STOP 1’i'(31\1fl]'lﬂWHﬂ\T'lHW?JT/‘TiWﬁWHﬂQ'IULﬁﬁ{U Lﬁﬂiﬁ}ﬂgﬂﬂﬁﬂﬂ'ﬁ%%ﬂu

51U 3.6 naasneNIAes N 19U Uszaanann

o d o [
4. g dmsumsdszuana
m3tszananannlFsening MATLAB nesdu 2014b sagilit 3.7 Taw

"llwflul ﬁmﬁmﬂuﬁmwummmu cmfu'"e‘ﬁmEmmﬂqmuawmimqm“lumum"lﬂ



34

ol il Ea el ST

| — ol

A Y s o '
E‘]J‘ﬂ 3.7 LLﬁ@\?WHT@WQﬂI@Q%fJNWlDﬁ MATLAB 193%U 2014b

4 ﬁ' 4
33 N1IVDNUUVVUAS T ITUAIDIAUUUY
o v d‘ 4
3.3.1 ﬂ1’ii’)i’)ﬂ!!U‘]J‘[jﬂﬂﬁﬂﬂﬁ]‘ﬁiﬂ!ﬂiﬂ\‘lﬂu!!ﬂﬂ

A a o dy 9 y A 9 A Yo o 2

19910 TN I UADINTAS1UATOIAULUUIND 1591909015191 TIVD 4

A o FIA [ ~ o 45! 1 dy
QﬁﬁWﬁﬂiiNlW@H11111‘]55'33Jﬂ‘UT‘1J3LLﬂ'§3J’]J§$3J’3ﬁWﬁﬂWW“V]“Vnﬂ’lﬁf’J’fJﬂLLUUGUu Tagluaiui
I o Y A 9 1 4 aa A Yo o A 1 e/dy
mna"lmaaﬂ%?juﬂumwuﬂaiwm’dmm NIog 7n411%0 2-R Planar Robot Iﬂﬂﬁu&uﬂu
sennsamaoun luunusziunuFy ldaoany

v o 4 1 J dy
ﬂﬁgcﬂfluﬂ'ﬁlliﬂﬂl@Qﬂ'liﬁ]ﬂﬂ']!ﬂgﬂ\?ﬁjullﬂﬂﬁuﬂu@umuﬂaigu']ﬂﬁﬂ\ulﬂuu NN

)

[

Y v 2 A o A A Y Y
21. ﬂhlﬂ@f]ﬂl!‘].]ﬂ“quﬂﬁ]ﬂfJﬂ‘VIﬁ'ljJ'liﬂEl]‘U']J'lﬂﬂ'lW‘l'f]‘ﬂ%5ﬁ1u15ﬂ31@gﬂllﬂﬁ']u§ﬂﬂuuﬂﬂ Llaﬂu

e o)

9 ya o

A ) ¥ \ A o ° ' A ~
BIAUNNHID Ulﬂﬂﬂﬂllﬂﬂjﬂﬁlﬂﬁﬁlfviﬂilmﬁh Solidworks (WD I1ADIAULHUI NITIAFDUN

= A ¢ v A
53Nﬂ3ﬂ1ﬁla@ﬂmu1ﬂf2ﬂﬂﬁm @QETJV] 3.8



35

51011 3.8 HAAUATDIAULDUHUIUALYUNATE U UADINA

o

3.3.2 maaenl¥gunsaidumids

dY o o A A Y ' A A
’Qﬂﬂim@luﬂTEN‘VIm’Oﬂﬁl“]ﬂ‘l]u’G'T’J‘L!’1.]55ﬂ'ﬂUiuﬂTiﬂ’]UﬂﬂJﬂTilﬂﬁﬂuﬂﬂlﬁN

15 0IR U U UIUALYUNATEUILADIIA

serial port ; portes

514 3.9 naasa U 5L NEUVBUATOIR LUV LY UBUALYUNATLUILEDITTA



36

o =) 1 Ady
muﬁmswazmaﬂm‘lﬂu

1. uoweiaailes (Stepper Motor)

A A Y 1 d an Y o A ~
L‘L!6\‘]"l]'lﬂlﬂ’i’E]W]‘L!mJiJ‘1{]1!EJ‘LIG]L!,‘U‘L!ﬂﬂigu'mﬁﬂﬂllﬁi]%@]ENTI'Iﬂ'ISLﬂa’E]u‘ﬂGlu

=2 o A

a < Y o~ v s Y o w A A AX g
LBIN Y fl]\ﬁ]’l!‘llufﬂgﬁﬂ\n\lﬂ'ﬁnl"]ﬁ\lﬂlﬁﬂilﬂHWUﬂ1ﬁ\11uﬂ15lﬂaﬂu1/] Iﬂﬂﬂ’lilﬂﬂ'ﬂu‘ﬂuﬂzﬁ'ﬂq

Q

v
=

A o 1 Ay v 1o A ] Yn o 2 A )
waoui h uazvgaludumniaidosmsarennuuiudinaeudiage negiseduaen 1y
4 J a o ' @ A 2 d J
a1n1/1)es NOWMBTUBIUTEN VEXTA §U ASM34AK-H50 A431/9 3.10 ¥uiuaainles
s <3| 9 o v A a A
vemeshiimeanasowiu 1:50 seud M5 uAIUAUMTHYY Hazdill ENCODER Aafidiu
Jd o v o 4 v o Aav
Uarwveswemesueliiinisffoudyyimudoundy (Feedback) ndauNUNaEUEUNNAYD
] s & A < 7
YOI ONAY Fanowmosnlioanaseunwieyslun1sann1NGI50UV0INBIADT N
< A qu v D Ao v 7t a
penNT taziiuusla liminzauiuns lsanu vennniidinelnuemesinanuaz@enain
N = A X 4 ' 3 = R o g ¥ 1 o X2 o
1.8°/step az@oanuIuDn 50 minnileanasen uaziden 0.036 /step v lRuNuHIUBN

v
7Y

31 3.10 4aAg VEXTA 31 ASM34AK-H50

U

1 s A A a Y .
2. YUIUANAD UNLBIULTU (Linear Actuator Robot)

Z Y

I~ a A ) ] s aa 1o o =
ﬂ’J'IlIHJHﬁ]i\ﬂﬂi@\?@]uuﬁﬂKil!EJ‘L!GILLﬂJuﬂﬂi%u‘l‘Uﬁ’ﬂﬂNﬁuu"’Jﬁ]']L UADIUY

1 s A A A 9 A a I g‘/ I o a Y v K Y o
HUIUAINAD UNIFUTY saenNNaNYT I uTu e YD INIT NI AR fJﬁN]lﬂ‘Vl

-]

A s A Aa 9 o Xy & A o ' ' s
ﬂ'lilfl/‘llle‘LlElumﬂaﬁlu‘lﬂL“HQL’L‘TH@]'JHL"U'”TJ‘HHQLLT]H L‘W’E]1/]1ﬂ15°1$’)811!ﬂ'l§8ﬂ!&ﬂ$’JN‘I{[H?JL!@]LL‘UH
aa ci Y 9 [} A a d' d' a
NATSUIUTDING LW’E]iﬂﬁ"liJ'liﬂElﬂLlﬂ8’)'Iﬁﬂ'lﬂﬂ'lllﬂ@ﬂ'lxu‘l’m’ﬂuﬁ]ixﬂﬂﬂﬂglﬂaﬂuﬂiulluﬂl%\i

Y ds! A Ay ¥ a a [ ~
@Y Yuad U Z Tﬂﬂfazmmmmaauﬂﬂ 50 yaaes (Workspace) G'Ngﬂ‘ﬂ 3.11



37

gﬂﬁ 3.11 LL@AN Linear Actuator Robot

3. MINUANMTTNIUYBIHUIUALYUNATL U O INA
fnTunsaugumsinuveunie L usudvunago il 9219
TuTasaeuTnsaaes lumsarugumaiauvesuemesiiodsliuemesaniesmyu
aeamiidesnts Tamden1diilululasaeuInsames %o Arduino 71 Nano ATmega328
Felvnadnnziinaiiuina 18 x 45 faamas 1hmin 705y Wouazaon mieldin 1l
519190 Taed Digital 10 22 ¥4 Fuifisanofuaudesnisvesdise dagUi 3.12 Taw
Arduino 92¥1m3Susidoyafideansin sunsualszanananin MATLAB ninfusadaldl

Jd o Ay [
Nalﬂﬁ]iﬂ’l\ﬂuﬁ'luﬂﬂﬂ\iﬂ'ﬁﬁﬂ.11]

g‘ﬂ 1 3.12 11@A9 Microcontroller Nano ATmega328



34 MIPDNULVIUADUM ININUVDITZUY

3.4.1 Flow Chart M3NUUIIZU

—_—
Microcontroller start

Arduino port 67,68

MATLAB START
Image Processing

Recieve No
picture

Yes

Take a Picture

Arduino
S

Move to home (0,0)

Recieve
(01,0,

Process

Moveto (6,6,

Image Processing

Position (xy)

Process kinematic
of robot

Send (xy)

Rotation ( &;,6,)

|

Sent ( 0,,0,)

Recieve
(x,y) and
(64,6,

Nexti,j

Save data .xlsx

JU9 3.13 urUAIMIMNUYBTT Y



39

{ I~ 1 o ao A
910 Flow Chart Tu31/7 3.13 aziiiunmshanvesnuideiilsznon Tude 2
daunan ldun dauusnaruveslsunsulszunananin uazdruidesdruvesmaitvoya
nndauusniiel lUaugumsihauveunsesdunuunvunaszIN el Tnegiteazii

a aw 2&' = I 1 o 1 dy
mM3eTuenuITell Tavazdeailuaiugdene 11

3.4.2 mawasveyanngdmmiluiinsa

'
a

A4 g v 3 2o Xy PR A o
oIR8 NANNUNUITENABIMI NIz Tumseenuuy Taliorineenuy
4 Y Y Y
mmseenuuvla q Yuwniu @ lsunsulszurananmiiuazinimsniegiu q udniing
ulasdeyaningUnmldegludnyuiinga udiinseumdurianng (xy) veannaa
g‘/ d’ Y = a o A Y d' o é ) d' 1
U 9 panN e 1Melun1sAN MLz IV EUAUNA NV UVIIA FaarHnane 1y
;”, U 1 4 A U T W J T ° 1T Ao g‘/
ponu Idiusziimaesnl fio 1. oNnaala iy “gud” 1angin o @ mruannay 9
1 I 1A 4 I A o A a a0 T W 9 Y
nngineuazilaaiumiinea ga 9 Wiy “@a1” tag 2. WenlnwalA Iy “dodiosn
A ] i o V Aaw & a I 1A L]
FAUNT” LAAIN A SUNUINNAYY 9 113 mesanewaz)asilumiiniga 90 9 Wil
Y] o do o w ) o v
“@u12” Taedade Idiinsnaaeslensumdslullsunsy MATLAB nosdu 2014b aremida

o . R 2 o 49' 9 [ Y 3 1 A [ A
impixel(i,j) «mmmu%LnJmﬁuayaﬂam“lmﬂmwmuumﬂumwﬂm;a ﬂﬁg‘ﬂ“ﬂ 3.14

_i A IID‘E\& ,’:: Sl e a—

Bl Figuee 1
Fide Edt View Insent Took Desitop Window Help »
Ddde & ° SO 42|08 a0 N

el

\ impixel(i,j): the command returns the value of the pixel (i,j)

H I~ LY
517 3.14 narasmsudasdoyagdnwiduadinega

{ g’; o < ' a { g}/ o [ o aw
1319 3.14 duih ldsurunauuagiuisias Bdmsui 1 14 luauide

a [ Y A o I v K o Y A d.dy o ] I
vsedsoin 1@ meanuiiuleditetanaassnvgddunuudu Tashtisndregruiugl

iduase aegla 3.15



40

- [command inon
u FlgUfE 1 Lilﬂlé] (®) New to MATLAB? Watch this Video, see Demos, o read Getting Started. %
File Edit View Insert Tools Desktop Window Help fotos -

:B:I_'?IH:‘E [% 5 = {fr?@'ﬂ-,__j’.)' - Cul.m:A:JL-Aan?-AJS

s

oo
cococococoococooboocoooBNGRG O L

)
cocooocooooooboooGoOOMER OO OO

MBhoBOO L ®BO OB

o
oNoOwNOFPONOWOOGGBEOLWOOOGE BN

n
cosobrmbooslNoorookrosoBs o0

oo
combPBPoOOOGMAoOmMOODOWROOWO MP OB O

e

cwooorbhhorocowoowonn

ot

coocohbreocosoN
oo
MowonmoproowmONGoorLrowo OO

e

CWPOOCOROBNMODDOOROKGO BB OB

COo0o0COOO0DOO0OBODOOOOOKOGO BN
coocoecooboBOEOOEBERNE BB O L

A 9 I 1T A o ] A
319 3.15 naaamsuilasveyaginmilumiinea dr08199 2

3.4.3 MINHUAMUKHHINDA (x,y)

A 9Ya o 9 9 Y 1A Yy v
inﬂmi‘wmfafmeJwmuﬂ’aweyagﬂmwwmmﬂwagslugﬂ"ummwmma”lmm

QU

9 9
HU m"lﬂﬂzﬁmﬁmumwmcﬂauu 1 BRANT IWIZNATNNLEALUADSATISYNDIUBBNNIIN

o 1 Aav @ [ g}/ (% 1 A A ~ Y 9 g/} Y o
AT UINDAUDIA LD muumﬂgﬂmamm 2 ‘VILL’dﬂ\iGl,ugﬂ‘Vl 3.15 VNAUUU ﬂ’)%&lﬁ]%ﬁuiﬂ

~ Y a Y

a L ' Y < Yy = A J 1A A Y
amiwwiumummmumﬂmﬁumn FIUNDDTIUATNNIFADDNUIITUAT “DONTDINITUN”

9
1 1 v

1 1A { ~ [ S A 1A A a
Tagaz liaulasiinaniinuinugud Weisonldamnnaaniian “des¥eemidui” du 9

Ao Al Blgll

20011 32 IaMELHUINNADDNNIAY AdLaAd 1UAITI9N 3.1 LANNANDIUDDNUT AT U]

anvuznauiInugUAunuy miz ludinviuinezimuadumiing Iagisuanina (0,0)

] 9 1

1 Y
Nogy “ﬂWl.lﬁN“f)’HEl” VBIANTTNNNA ummmmuwnwauuwﬂmauiﬂagiuﬁnmm “@9]}11!‘;191,181

u

a o @ A v o =2 o Y A g}z @
VU YDIATTINNNA ﬂ\‘igﬂ“ﬂ 3.16 ﬂ\11!u%\‘iﬂTiﬁgﬂﬂWWHTﬂiLlﬂiNﬂigﬂJﬂaNﬁ@’t]ﬂﬂﬂuuﬁ]gﬂﬁ'ﬂ
% A 1 [ Y a & U o 1T o & [ [ 1
Wamleunszan uavgnauau lunanany y %Qﬂﬁﬂﬂhlllﬂ1ux’iﬂﬂﬂﬂlu1ﬂﬂ\‘]ﬂ61’3 w1z lums
) a v & v Y o v Yy asd ' v
Gl“b'ﬂu%i\‘]ﬁquTimm‘]jiUuWTHQWEJI@?JﬂWiLLﬂLLUUiWﬂﬁUﬂTL! NITUNAIYITUTCAINNITINITLUN

Tsunsulszunanamsizemaziivymauanlueuinaae 1



d' 9 o " Ao d' 1 1 9 d‘
ATNN 3.1 BAAIVDYAAUHUINDA (x,y) mmmmmum”lﬂmﬂgﬂw 3.15

41

nnaluuuIuny X

wnaluuuunu Y

51 3.16 LA LINNAYDIMIN NI

4 10
5 10
7 9
8 8
9 8
10 7
12 6
13 6
14 5
17 4
18 3
19 3
20 2
21 2
50
R N1
{ ——— >
” ‘ . - . e e
Start (0,0) : . Start (0,0) .
v P YOI T Gaepma—" T T T Ty
0 25 50 v
ERVILT RV ERLERNTIIE TS



42

3.4.4 M3 Curve Fitting A83D Spline Interpolation

Ja o K =

Tudiuvesitiunale g25030aen 1435013 Curve fitting 11UV Spline

QU

. o Y 1 v Ao o Yy v o o P
Interpolation uullﬂﬂa13L!a31u1]‘ﬂﬂﬁﬂﬁu?ﬁﬁﬂ!ﬂﬁﬁuﬂn\?ﬂu ATYNAIVYTINITNAIDYINN 2 B3

=1

4 1 I 1T A [ Aav o {
Ao 310 3.15 Werumsudastoyagunmitluamineaud i i lannadaaaluaisan

QU

A =

3.1 1101 WA 1NA8335 Spline Interpolation 323197 1a f1a31/7 3.17

a

nsINAINAIDENN 2

12
10
8
5]
A
2
0 S
0 5 10 15 20 25

~ A o Y as . .
319 3.17 naaanaWinaena1875 Spline Interpolation

A

o ~ ~ o ) o a y & Ay v
LN@U13J1!1J§EJU!%fJ‘Uﬂ‘UE’LI@]HLL‘]J‘U ﬂ\ig‘lh/l 3.15 uaduu ﬂmﬂmmnllﬂmﬁ
~ ) Ao Y a y X VoA ' '
NAQADIN Tﬂﬂ‘ﬂg‘ﬂ@uLLuuuaﬂyngﬂumumENmﬂ%mmﬂﬂJu”l‘ime ngﬂmmummlmm
Ao Y [4) Y ax . . R =Y < Yy A 1 @ 1o 9
NNALUAINABAAIYIT Spline Interpolation YU Maﬂymmﬂumummwuﬂu LN DNV INH YN

& ad (4 o Y
HINWUIN BIATIATNNGHN siNeonuznauaIL LNy y

U

..._.-"

31l 3.18 gAuuDDAIE1N 2



43

3.4.5 aanuuutaza3131dsunsniszinanamnEIUKINMa GUI

A ' ' Y Yo Y Yo Y
LWfJﬂ'J']3Jﬁ'$ﬂ’JﬂLLﬁ%QWﬂﬂﬂﬂWﬁﬁl%TﬂillﬂﬁJ Q'Jﬂﬂulﬂﬂ']ﬂTiﬂﬂﬂLL‘U‘UﬁHWINGUEN

T1l5unsy TaeldWan 51 GUI (Graphical User Interface) Y8350 W411195 MATLAB 1705 %

Y v
2014b 14 Idnihaldauaaaenudld g 3.19 Tagldnannisnmsadaliumanniimn

QU

9 Y
N1TNADIVNAU
A i L PV h |
Camera USB2.0 Camera «  Resolution YUYZ_640x480 = Brightness 230 Current brightness  STOP
[
b2 |.
Background Line
ey Color RUN _ sToP SAVE EXIT

519 3.19 taaarieg GUI 499 1dsunsuilssuiamann

U

Taguiasazaiuaaandlugili 3.20



10.
11.

12.

Lime:
Color

Camera

Resolution
Brightness
Current Brightness:
Prototype Picture
Processed Picture
Background Color :
Line Color
RUN button
STOP button

SAVE button

EXIT button

Current STOP

\

EXIT

b7

FH S

A 9 = 9 [
: La@ﬂﬂaﬂﬂﬂ@]ﬂﬂﬂTiiﬁﬂuﬂ’]ﬁﬂUﬂ’]W
a A
i ﬂ'ﬂllﬁgli’)8@“%31%}1Uﬂ15ﬂ5$3~|3ﬁWaﬂﬁ/‘l

1 A 1 A g’/ 1 4
X ﬂmmmmmwﬂumsﬂi:mawamwwmm”h

anvaalutimiuidaldvazihausa

v A ' v
: g‘]JﬂWW@uLL’]J‘]JTIQﬂﬂ"IEJiJ"Imﬂﬂai’N

ol
- giamarmumslszudananin

1 o = j‘ 4
FOINTIUUATWUN A

, Sl 1rR d
- gosmmuaduoainmnldlumsesnuuu

- unaieirumsvhauves Tsunsulszurananin
: funaiongans1auveIndos

- unaioiuindurianng (x,y)

vosgiiirumsiszuanailu e excel (xisx)

- Junaieoananmsiauved Tsunsy

3191 3.20 uarasauilsznovvesriae Tsunsulszaananin

44



45

3.4.6 mic?l’adﬂﬂmnsu1Jsxu’mwaﬂmuazmsﬁuﬁnmsﬁew’iu

9
nouvzyIMInatju RUN Wy §1dazaosihnmsaonnag ldndeeda lvuiing

v Y
AR YA o

A 1 [ ~ Sld' 1 [ 9y
L“b'@llGl’é)ﬂ‘]JI‘lJi!Lﬂ‘iiJﬂ‘iZiJ’JﬁNﬁﬂWW “luwumw"lm%maﬂmam WEBCAM CAMERA :

U

USB 2.0 PC CAMERA 7431/%1 3.21

[ s |

Camera [EESIL0 [-]| Resolution [YUY2_800x600 ] Brightness | 230 Current brightness STOP

yberLink Webcam Split
CyberLink Webcam Splitter 6.0 5
TOSHIBA Web Camera - HD {

Be kg i RUN ‘ sTop ‘ SAVE Bar

51 3.21 narasmsidonndesi 15 luTalsunsuilszuiananin

' o o A Y Aq ya 9 Yy o A a
ADNIYAIINIINTIENNADIN 13U eaual NUIINITIADNANNAZIDIAUD S
¥ A N o { ' ! <
naeelFluTisunsy TuniidiverzvhnisidoninnuaziBen 320 x 240 (M) sy
~ ~ A HAq v & A o = R Y
ANVazPeaNNIzay JTagnuazdean 19 uIziaen Iagmtau191nnIsTAIAINABILa
' ' v ) y & a 2 A
FTYLHINTLHINNA WAL INAULV DAY FIANWALIDEA 320 x 240 T 11015z N@aNANTIN

Y o q Yo ' Ao ~ ) Y o A
RRIFVRITSe] %11ﬂﬁ1tlﬁuQWﬂﬂ (X,y) DONVUINVUIN 1:1 AUNWAULLUD ﬂ\igﬂ‘ﬂ 3.22

[ =TIV Al B~ — © alzix|
Camera [Cybertink Webcam Spiit... =]  Resolution  [YUY2_800x600 | Brightness | 230 Current brightness STOP

RGB24_1280x720 "

RGB24_1280x960

RGB24_1600x1200

RGB24_1600x900

RGB24_160x120 =

RGB24_320x240 ‘

RGB24_640x360 o)

RGB24_640x480 = [

RGB24_800x600

YUY2_1280x720

YUY2_1280x960

YUY2_1600x1200

YUY2_1600x900

YUY2_160x120

517 3.22 ueasmsienanuazidean1fluldsunsulszurananin



46

o ¥ A A Y 2 A Yy 3 2
NN UUINDNINITLIADNNADILASAITNASIDYANIHNUICTULAD NITLTUNIT

o U @ 3’; 2 9 o
‘vmmm@ﬂﬂmmuﬂizmawamw Iﬂﬂﬂﬂﬂ‘ll RUN ‘Viaﬂﬁnﬂuuiﬂillﬂillfl]%!ill@ﬂﬂ?ﬁ‘vn\ﬂu

1431

=).

3.23

B DRAWLINE g 1 o3 |

Camera [USB2.0 PC Camera | Resolution [YUY2 320x240 =] Brightness [ 230 Current brightness  229.00

L] |

08

07|

06

05}

04|

03

02}

01

0

L L L L L L L L L )
0 0.1 0.2 03 0.4 05 06 0.7 08 0.9 1

Background Line i
|:| Color . Color L]

sToP | SAVE EXIT

d‘ o
317 3.23 ugaamsmauves llsunsuilszuiananin

A o 9 Y o g’/ ! v Y =2 3dA o =
LN@ITJillﬂi3J1/]’l\‘l’lum%ﬂgﬁﬂQu1ﬂ1ﬂ1iﬁﬁﬂ1ﬁ3uq@ﬂ1ﬂ FINADNITNIUUAT

A V) L A o o
voensemsuaziinnifeg lglunssuiumsdseuananin saie 1Usunsurauazduna
Y

Y v . g}/ ! J o a
187 ludrmvo Prototype Picture HHvzisngnassimaed uaznasdiky
4 o {on v ' S < ° '
Taailolanawidldizinedla q adldlunaesddonivezidumssmuan @

¥ H ] '
vosunawzilu hawidldszane i e ltieilunssaudlatddnszay A4 Fvn

= <

A Y
Tumsdluig Taelideeszunedla o adldlundesdaier fezithinsldaveanszaiinly

S q g {y ¥ v 9 ! I 1A {
mymruaaiuriadliios ;i ldnaasanluiden 3.4.2 msulasgUamilumneran

¥ ]

o dy v ~ A 9 A A Ao = dy v @ o g’;
mruanunauiua vaggdamndluduiiau Tuiunmmuadnumaanmaunuiy

i
4 Y o - Y 1A {
Woedldimuadvesinniuda nezdesldinnunady viethnmsniid

e .

= o a g‘/ ] aA A
WdounulunNsNALazenLUY uwuuuiﬂmﬂmﬂizmaNai}z”luﬂizmawaﬁau 1 N
v Y

A ° Aa &K o A
HINUUDNITNTIVUANIDAUVU @Ngﬂ‘ﬂ 3.24



47

Camera USB2.0 Camera +  Resolution YUY? 640x480 - Brightness 230 Current brightness 229,35

=
Derkgrosed e RUN siop SAVE EXIT

31U 3.24 ugaamsmumua@innmveslsunsy

o =)

4 ]
aviuiielsiimsimuaduesnszaisuazilinniuas Tsunsuiszuiana
< o Ay Yo v 1 A 1o
amnaziiimsiszuanammiz@n ldmmuamniu diudou q szuvee ldhunlszurana
@ . L o < v & 4 o
aaaaslugddredu 517 3.24 Fedmuadhnnuilu@dendy auiudomminala q de

1thamauaade lutimsuaawna maz Tdsunsu b auasunlszuiana

J Y d‘ < [ Y
3.4.7 msmaanmm&amammﬂugmmmqga
9

' 9
wmmnﬁuﬂaammuﬁmﬁaammu uaz‘vﬁmiﬁmuuuumﬂqwumummmi

4 < Qy o 1 Aav 1A 1
Uszmnananw emdvauag ladwmuanna (xy) lminldnngldunourmunszuaunilag

o ]

9 I 1A o 1 A o a g‘/ = 9 9 as
gﬂmugmmﬂumwmma LA HINTIA LU HINDA (X,y) VDINNFAUUNIIALTIIUDYAAIYID

. . Y o an:ls) ) . P 9 ' A o ul o v
Spline Interpolation a1 1 lagadeyalvioonun Gagavoyaluutazgni lilduiualy

q U

A s ' s A A s 1 o v ' A

’ﬁllﬂ'lﬁ/n\iﬂm@]ﬁ’lﬁc‘]3"U’ENHuUuﬁLW'E]W1H3Jﬂﬂ6!ﬁﬂiﬂ')iﬂ$ﬁi}!uﬂﬂhlﬂ IﬂﬂﬂjﬂﬂWﬁﬂiﬂMLWﬁ'lu
' 4 ' Y 1 ! A Y Y Y 1

ﬂggﬂﬁ\‘l@flﬂ‘MW Lﬁﬂvnﬂ'lﬁﬂﬂﬂ.il SAVE UUHH U118 GUI “?);\if]QU?L?mﬂWU%’Iﬂﬁ’NﬂJ@QWH’IW’N

& g ) o =2 Y ! < P o A
GUI 3doyanivuavzgniiuiindoyadseonuuiu 1 Microsoft Excel (xlsx) A9 3.25

U EY
'
=) v

A ga o 1 ' dy @ [
INBN m’)i]Ui]%’ﬁ'lll1iﬂu1ﬂ1m’cﬂuﬂﬁﬂm1ﬁi’ﬁlﬁﬂﬂ uamﬁ’"lm"lﬁ’lumwm



48

& Sweda el A B c D E F G H

- B e — 1 Xdata Ydata a b1 b2 setal2  seta2l
@’;vlt\rxz‘ v | e » 2 10.1 113 0.039545 0.999218 -0.99922  6.9634 87.7336
S 3 1014286 11.23848 0.037187 0.999308 -0.99931  6.6258 87.8689
Organize v Newfoldes & 0 4 10.18571 11.20583 0.037816 0.999285 -0.09928 6.4301 87.8328
- 5 1022857 11.19417 0.040605 0.999175 -0.99918 6.3623 87.6729
¢ Frvertes B i 6 1027143 11.19563 0.044747 0.998998  -0.999  6.3546 87.4353
B Desttop 5 | 7 | 1031429 11.20233 0.04944 0.998777 -0.99878 6.3752 87.1662
e L 8  10.35714 11.20641 0.053882 0.998547 -0.09855 6.3831 86.9113
# Oownloeds 9 10.4 11.2 0.057273 0.998359 -0.99836 6.3373 86.7167
Utecenbs gl Toshda 10 105 11.2 0.066773 0.997768 -0.99777 63121 86.1714
& ; 11 10.54286 112 0.070872 0.997485 -0.99749  6.3029 85.9359
s 12 | 10.58571 112 0.074988 0.997184 -0.09718  6.2946 85.6995
X P Computer 13 10.62857 112 0.079121 0.996865 -0.99687 6.2873  85.462
*| Documents & tem 14 | 10.67143 112 0.08327 0.996527 -0.99653  6.281 85.2235
o Musc 15 | 10.71429 112 0.087436 099617 -0.9917 6.2756 849839
o Pictures ) 16 10.75714 112 0.091619 0.995794 -0.99579  6.2711 847433

ctures Netacst
& ; 17 10.8 112 0.095818 0.995399 -0.9954  6.2676 84.5016
0 ¥idecs _fiamaa 18 10.9 112 0105682  0.9944 -0.9944 6.2632 83.9335
19 | 10.94286 11.19359 0.109284 0.994011 -0.99401 6.2293  83.726
1% Computer - D\ s . 20 | 10.98571 11.19767 0.113971 0.993484 -0.99348  6.2514 83.4557
21 | 11.02857 11.20437 0.118943 0.992001 -0.9929  6.2882 83.1689
Flename coordinatel - 22 11.07143 11.20583 0.123396 0.992357 -0.99236 6.2984 82.9118
P = 23 11.11429 11.16417 0.126531 0.991963 -0.99196 6.2408 82.7308
s _ 24 1115714 11.16152 0.127551 0.991832 -0.99183  6.0738 826719
b 25 11.2 11.1 0.125682 0.992071 -0.99207 5.7563 82.7799
o HieFoldes.  — ——— 1 = 26 113 11.1 0.135909 0.990721 -0.99072 5.7723 82.1888
27 | 11.34286 111 0.14032 0.990106 -0.99011 5.7808 81.9336
= 1CO) 31| Sheatl / Sheets [ Sheetd o B e e
[l '
~ 9 = [
711 3.25 uerasveyangnaILL NN

y o d a
3.4.8 myaseandeyamie lmugumsmhauvesiveusnvunaszIUaedlA

[ v
=) =3 =3

v =< 9 Y 9 v Y ' 9 v 3
wonaNMstuindoyadiedy ideslinisdeeenvosdoya lonfiniia wun
A 1 Y v 1 o an 1 4 o Yy 3’, Y o
avas I Iinuiuesudnrunaszuuaesla Iagusuaz @usniau ldiuazdeaineu
1 o w o w [ 2}, o W 4 4 % 1 o
Mudumas Tnsaumamanndesdniune aminlesusmes 2 41 uaazdniuaumsnyu
~ o o vy 2 v ) s o s
Youunui 1 uaz 2 mudiay Tasnmsasdoyasen liinzdoldso s MATLAB nos
@ 4 4 J [ ]
w¥u 2014b uaglulasnouInsalaes Arduino nano ATmega328 1 FOUABAY LAGAINUNTT
A T Aa ' . Ya o =2 o P 7w s s
1o UABNITININ Serial Port {I98IMINIa319ManFU Tumo1N1IT MATLAB 199351 2014b

7 . g s ¢
uaﬂuimmuimmaai Arduino Nano ATmega328 N3 Iﬂﬂllﬁﬂﬂﬁﬂﬂ%uﬂ]ﬂﬁcﬁﬂwuﬂﬁ

J v

MATLAB 1105 %u 2014b 63141 3.26 nazuaasmiaaluTasnouInsames Arduino Nano

ATmega328 Tugiln 3.27



49

B tditor - F:\NEW THESIS\Phuwarin\DRAWLINE.m

PUBLISH

2 g e~ L. et S B - E3 2 ' pDimmsesn @
mm&n"m GAGeTo~ ComeEt % Bl pumpons Mm Rmend | Admsce Runend
- - dm - “m - Indent u uu - - Advance Time
FLE NAVIGATE EDIT BREAFOINTS RUN U R g
DRAWLINE.m Unbitled2222.m GEN.m nverse_kinematic.m forward_lonematic.m DRAWLINE.m forward_test.m lorkal.m flelm
90
191 - set (handles . btSTOF, ‘userdata’, false);
192
193 % -—— Executes on butt press i
134 function btSAVE Callback(hObject, eventdata, handles)
195
196 ~ arduinol=serial ('COM70', 'BaudRate’,9600); %
197 - fopen (arduinol):; % initiate arduin
198
199
200 —- ' ,9600); %
01 - on
0

TechMoloGy W1

int matlakData; Y/ For receive data from serial port
int temp =0; /4 For calculate the data to float
int tempO=0; i

int templ=0; AT

51/ 3.27 nanalanduns sudoyaveslulnsneuInsamos Arduino Nano ATmega328

A o o 14
nndaudideldnimuald luTasaeuInsaiaos Arduino Nano ATmega328
o ~ o o A & d' LY [ 9 % 4 4
A NNAIVANMINNUVOINBINDTAIN NI UFDUABTUAIVBYAN U NNIIT MATLAB
] ] 1 1 { 4
1195 %1 2014b N IUFDINY Serial com port ¥097 67 (COM67) uag lulasaouInsaaos
Arduino Nano ATmega328 #@0aNA11aun151191Uv0INBID T AN a0 uFoNAD T IA Y

Foyanuwoiinas MATLAB 1I935%U 2014b HIL%IN19 Serial com port $839 68 (COM6S)

d aa
3.4.9 Yi‘l—!ﬂl!ﬂ!!‘ll‘l—!ﬂﬂﬁ%‘l—ﬂ‘ﬂﬂf’)xﬁlﬂ

' 9 3’_, an ) gg’; 1 =< A 9 1 4
FIUFAMYVDIVUADUITNITAUUUINUUUU DANMDUATIIA ULV U UIUALYY

v
aad

Y o da! A X A Y ] 4 AaA Yy Y da!
ﬂai%u"l‘]Jﬁ@ﬂﬂJ@Vlvlﬂﬂ']‘Uuﬂi\‘] %Q!ﬂiﬂﬂ@uuﬂﬂ?juElu@]L!‘lluﬂaﬁ%u']ﬂﬁﬂﬂilﬂﬂhlﬂﬁi'lﬂelluiﬂ

g o A = 1 A o Y A ' 9o Y o
uumgﬂ‘w 328 UANUUANANIINHUUNNINITODNUU VNI Lu@ﬂlWﬁ%’NN’Jﬁ]ﬂ"lﬂVHﬂﬁ

U

' v v v a g @ A Aa A
ma@mé’ammimmamu@aﬂllﬂ%wmaﬂﬁ’unumiwaﬁ anlvun uazmulseansnin

9 ] o 9 A da! 1 1 o’gll Ia o Y A Y o A
AUANUAA IR THINNLINTY Glumumammmlaﬂjuﬂumumpﬁm"lma@ﬂclmaﬂﬂa

Q



50

aa A a a3 o a < o A A 9 ' J
BEATANTYIUI 8 UAQIUNT lWi’]ngu'IW‘L!ﬂlll'lllflngﬂ'J’lllllsllx‘llﬁ\iiuigﬂﬂﬂlﬂiﬂqgluuﬂﬂﬂuﬂu@
ll"UUﬂaﬁzu'lﬂﬁ@\?ﬁaﬁ'lll'ﬁﬂﬂ@llgﬂllﬁl Iﬂﬂﬂ\huﬂ]iﬂﬂfT'E]ﬂﬁ?ﬂiﬂillﬂiﬂﬁ’]ﬂﬂQﬂ’]ﬁ%ﬂlﬁ\? GTN

azuaasluaiuvoinalveae 11

5111 3.28 LAAUATOIRUUVUYUIUALYUNATEUIUADIIA

U

3.5 nailylumsiauidg
ao dy A Y 1 2’, o ' 3'/ Y A 9y
Tuauvetims IWns1uNTuas UM iINUIeazTUao Uz 1¥Nna1uInvIetios lu
o Y v KR Y o ci 1 1 g‘/ Y 1 @
M3iau §aveds lasiinisnaaes memnluuaazvuaeuldnaumla Tasnisnaae iy
o 9 a @ 1 o I [ Y
natzii lasldnrnmsunal uazulsmssunateonduaiuaiu ldun
3.5.1 w3amseenuuuUduiy
1 e I 1 O [ o o @ °
F9U 2T LB NNFTUAWANTINNUNINUA TAsrinDenuUVILTHINITO DALY
Y ! A 2 9 A 9 zg [ 1 ~
sUduuuuneunazFumsdszurananin Tasszldnaminyuiedos yuegnuaning

Y
ONUUVNNTY NVUIALAZANNAL DA 1



51

3.5.2 yamsdszananamnuazimsaatoya
v ] b4 ' v
39U EUNNMITUNARLA FTNNTUserrananIn (nAlly RUN) 35z
o 19 4 4 7 Y
wiin1sdszurananin nazdsdoyaainsoniinis MATLAB 10939 2014b 11 14
A 9 1 I aa o 9 1 . A Y
IATOIAUUVUHUEUALVUNATEUIDTRINA TAgsin1saadoyan1un1a Serial Port 1o 1114

v A

@ J . = ' X < ' Aq ¥
fmsune lulasneuInsames Arduino ATmega328 Faluaiutiazidluarunldnainn msg

9) A w S = 9 1 = ° ' 1 ~
mauaﬂﬁﬂqﬂuuﬂzuﬁl‘ﬂagﬂfﬂmﬂga HAZTOUNINISATU f]\jfl]gﬂﬁl\‘]']uﬂll‘!ﬁ')u@]@ulﬂ %QTHﬂEﬂ

9 A o 9 = <3 Y VoA 1Y I
Aunpuiswudeyaininnezldnarlumsdeaiuin nazezdvnatnunszne T sunsy
Uszunamanmuenndeyandsliasunds
o } J a
3.5.3 H3IMINNUVD ATV IAUIVUHUEUANIUNAIZI DT DA
1 Y dy A [ 1 d’ 1 d' =) d‘
FuganelizizuIunaIaieeIndIuiaes Avle Isunsuszuianann
' A o J v A o [ o J [ [
daoyaIuATUILENIUNMRE TR MINITunaIunsgnIueuanazluduase uazndu

lilgdmmuaisudu (Home Position)



UNN 4

HaN1INEaal

Y ]
ﬁm%"uumﬁﬂzﬁuau@wamiﬁuuumsa@mmmmza%’mm%qﬁ'mmmzﬁu

a oa k)

v Y < A o Y ° ' sdy Yy v 2
cﬂE]QﬂgU@ﬂ'ﬁﬂ'Jf]ﬂ'li(lc]fﬂ'ﬁ3Jf]\uwu"’uE]Qlﬂiﬂ\'ﬁ]ﬂ5ijjJﬂllﬂ15%131“%@@1@”8”@%1@@’51\1%“

@ ~ ao & Y I =
CRERINT 4.1 Iﬂﬂﬂiz‘lJ’Juﬂ'li’Ji)EJuvlﬂLL‘UQﬂ'IS‘VI'l\ﬂL!@@ﬂL‘]J‘L! 332UU Ao 1.5:1J1Jmﬁﬂ'i:mawa

Y

AU 2. 5TUUNITHINUVDUATOIAUIUUY UIUALYUNDTLUNDTDINA AT 3.55UUMT

MOUTIWAUTEHINTZUUM U 52NN INLAZIATOIRULLUTEAUR B 1TANS Tedeerh
2 ' { o o ' v y [
msnaaeuszuunIaesszuy Iiauysainouazihuhaus iy memsmhaugndeas

UUEN

{ 4 ] 14 aa
qﬁjﬂﬁ 4.1 ﬂﬁ’é]’f]ﬂlmﬂuﬁg’ﬁ%lNLﬂ"‘ﬂiE]\Wg]}u!L’LlUHHEJUG]L!"UUﬂﬁ‘JZUWUﬁ@QlIG]

41  mymauesszuumslszananad e
411 Bamagou
wanmnimsnea Isunsulssurananmamuuni 3 udaniu faunsadu
mshnudiemsfigisehinsadegdduuny fmualdldanuaziBen 640 x 480 iniwa

wagthnmiilFeenuuuiluduas dagii 4.2



53

= = === = = — r=— — e e

Camera USB2.0 Camera ~  Resolution YUY2_640x480 ~ Brightness 230 Current brightness 229,01

450+

= oo}
aso}-

300

L L L L L 1
100 200 300 400 500 600

Ij Buckgrosed . bne R sToP SAVE J I

g1 4.2 naaamsnadeuTisunsuilszurananngiiduIds

U

[ [

A < a {
nansnadey Tsunsulszurananmaingli 4.2 duessawigiveniand
13 TaeTalsunsuilszanamanmannsoasnnududuas tazasngiidu Iduaiiouinann

MIEUNUINDA (x,y) WA 1MWETOUAITANS Spline Interpolation

] v
A =

Weditanseonuuuuana Nl 4.2 Tagassnaglvalamaeh 'l dega

U

4.3

Camera USB2.0Camera - Resolution YUY2_640x480 ~ Brightness 230 Current brightness 229,56

M ' ®

agIne -

Dmmund.g:l; [T1 stop || sawE \\ Bar ]

517 4.3 uagasmanadou Tsunsulszuananmgihdu Tduaziale



54

{ 2o o @
nanisnado Tsunsuilszutananmangii 4.3 ndsldnadwsanllsunsy
<3| v 1 a
Uszuramaniluinime lawudy
1 ya o Y o d' [ A d' o A =
apuIIve lasinsnadeumMse aaniIulonaaswihmsilasudves
=

1hnn T sunsudseuanadiazansasiauladluniane laswaunieo 'l Sanaas

wasudhamidudiienty vag nagudununlmitlugdaen'ld degii 4.4

U

Camera USB2.0 Camera ~ Resolution YUY2_640x480 ~ Brightness 230 Current brightness 229,08

N | )

200

Badyraind . ohe: RUN sTOP SAVE BT

311 4.4 ugasmsnadou Ti)sunsuilszurananmgiaen i

{ S o 9 v J

nan1snadeu Isunsuiszurananmaingii 4.4 nddlanadwsainTusunsy

QA 1 a Y a A ' o {

Uszurawanitluniime lusu@y fio aunsaasrndududdsndy 1da wuRerdudui
o 1Ay
uaaludreg1anng)

9 v 9 A o Y
gamensnagey Tsunsulssuiananin fI9uApIMTUEUANINYNABIVD S
9
1 = 9 a t4
Tlsunsuilszurawammiminiinislfihnmaesdlumsnagiudaiu aznamenisel

pelsTumsiszunanaginim aagili 4.5



55

Camera USB2.0 Camera + Resolution YUY2_640x480 ~+ Brightness 230 Current brightness 229,35

N

250}
= 200}

Sackorownd . o RUN STOP SAVE Bar

517 4.5 namsmsnadouTlsunsuilszurananmalelinmdosd

vinpanisnaaeuTdsunsudszurananinoingld 45994 usadive
° ¥ Y A Y A 9 Yo Y
dmuald Tdsunsuilszurananinasrvmmizidud@dendy Wenagdduuny §ive’la

1 S o
naaoudgwduduaad gl lugddunuy UsingnTdsunsulszuianandiasismmiz
H I~ 1 a I~ 1 v 1 o
duidlud@enduauan Tasluglvzmuniidudoes $aldsunsudlszurananineg lith
A ° o o 1 1 1< [

duduasnda i ligaveansatudula 100% nlunegldhnmalanaw vinnthnms
! I v { o ¥ {0
W lumsosnuuuiludReanunvihaninldlumsimualuiufiees Line Color Tilsunsuy

o ] o
Uszunamanwaansninau ldegagndesanyssiuuy

4.1.2 Iannavesldsunsuiszanananin
9 Y 9 1 Y
nmMslganuiaiuai o lunseesnuuutazaiellsunsulszuiananin
9 3 ° I Ao i ¥ 9 < 1 a
Tumsadrglvvnnndumiaing xy) 1 lauanmsudasgdamdunuuidluminma
Y o 1 awv ] Jq 9 a . . 9 9/ !
uag lddmianng (xy) Tnieonui uaz 1414 35015 Spline Interpolation #3190y aUAnz
oA A a o 9 9 aa 2 o Yya a o w
MNNANUIANUITINVYRYaa UL Vo NNT ATN1TH IHIAadad nave T sunsw
2 Y yy
Uszuramammauu 3 ve laun
Y A 3’1 Y I A ] A A
4121 yUmmauuuunesnuuvuItuIzasuluznIMALANNABILBY AD
1 v A Y ~ ' Y A o
v luansanagddunuuinelugddununiivae q sildes’la iieswnnminaonya

. Y axn . I [ = ~ =
11U Curve ﬁttlng AYITNII Interpolatlon Lﬂuﬂ'lj‘Wa@@?ﬂuﬂﬂfl]’]ﬂf‘gﬂﬂuqvlﬂaﬂfl!ﬂwu\i I@ﬂ



56

9 ' o Wd‘ =~ 1 ] 9 = [ (9
waewugannya e lgilvesassgilegluginmaunuui@einy mswasagaangil
4 v A Ty 12 o q Uy 1 o
nadesliaoiiios Tsunsuilszurananim lidnga lvuag laedanld luawisarau

U

awgUdunuy 14 dagii 4.6 dligidunoude ueen lfuaz i lveglunm@eany

Camera USB2.0 Camera ~ Resolution YUY2_640x480 ~ Brightness 230 Current brightness 229,63 ‘

. - ]

400+

KT
300}

250}

Packmoud - L. RUN sToP SAVE EXIT

|
|
1
|
|

51 4.6 nans¥aiinadeusnuesTilsunsuilszuiananin

v v 8 o o X g
Minaeanszunilayrivadinaesduvedllsunsuilszurananin
9 v 1
Tagdeans Iuaaindegildes e nagiaen 1l uazgihinle szdesadwanuaeiiios

Tengddunuy Teeamdumnu aegili 4.7

Camera USB2.0 Camera ~ Resolution YUY2_640x480 ~ Brightness 230 Current brightness 229,63 |

. | ]

400,

Backorownd - L RUN sToP SAVE EXIT

dl = o @ Y d'
JUN 4.7 vaasvadnadonaeaves lsunsuilseuianann



57

Ay S v
4122 yllwinaseannszuaunislszuranatiu sz luaunsonaanagzil

< ! ] & { o [ o ! ¥ {
Tanawiiegnieluiuiile dsgiii 4.8 Fanngdunuudunailugiaen'ld Tiedauiiiy

U

X da X da A day da 2 9 9 o 9 o
nune vaznunila ‘W‘L!‘Vlﬂﬂﬂﬂ’t’)iJSL’Jil!’NﬂallﬂWHiuﬂJﬂ\igﬂﬂﬂﬂqnuﬁzﬁ’ﬂﬁ] NIYNAADI

U
H 9 1
A A S A

Naduduluniignasduasy e ldsunsuilszurananiwesnunlui nwilaee luuaas

' ¥
~

] "y A Aa ! a & A A A Ada ' a Y = O
lﬁuﬂﬁ]g@']u‘luw T]ﬂﬂ ﬁju@ﬂﬂﬂﬁuQﬂ@ Uinmwuw!ﬂﬂ‘luﬁjum@\iﬂal]ﬂ@ﬂllll HIAVSLU U

¥
A

o [ I {A 1 < ° 1 g’; I~ S N
fave 1 lana i ununtamazmasnnuanies M v aruiudluiunda uaana

U

] 9 1
iunnalunundasenun’la

Camera USB2.0 Camera + Resolution YUY2_640x480 + Brightness 230 Current brightness 229,35

N

|
250}
S =

Sackorownd . o RUN sTOP SAVE Bar

{ Y &K o w
31 4.8 naaamsuatynudesduvelaiinadousnuoa lisunsuilszuiananin

9 9 A @

o v ' cg 1 o v
4123 Aanaveaanig as nosnuuuz luaiuisanasdlunundmsy

a

3’/ 9 d'l 1 d' 9 ] 4 aanaaA o
’J”mgﬂmwm"lﬂ IHDIUNTIEI AT ULU U HIUALIUNATEUIUTINANUAD alunsg
o [ g’/ A A 4 o Yy 9 3’, = (=Y 1
NMNU @Nuummmuaﬂmu@mamwm‘rjuﬂummmsawmu"lﬂumuu muﬁ'"luuwammi
] o 4 ] 4 aa 1 o
Uszurananinla 9 um:mlﬁ'm?mﬁ’mmunuﬂumwuﬂaizummqm "lummm‘nnm

) o

Y v A A g’/ ao &' A [ ~
18 dsniagluoni 3 Tuaeumside vaziundmsvlslumseonuuy asgii 4.9



58

Working area of image processing
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= original points, Blue = original ordering, Red = new ordering, Green = mrtlrl
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ABSTRACT

At the present, the role of the industrial technology is
growing rapidly and is continuously developed. The
manufacturing process consists of several sub-processes
such as design, assembly and inspection. The design
process is one of the important processes. This is
currently designed to apply to robot and automation
systems in the industrial manufacturing. Curve tracking
and reproduction using machine vision and the 2-R
planar robot have been broadly used for many
applications in industry. For example, in the design
industry, design engineers usually use free hand drawing
that may contains with unusual curves or irregular
shapes, the curves are drawn from imagination. This
article focuses on the machine vision that is combined
with a 2-R planar robot. First, the image is captured by
webcam camera. Then the coordinates (x,y) are located
using MATLAB software. The curve tracking can be
conducted by connecting those coordinate with 1-D
spline interpolation method. Because this method is
simple and easy to perform curve fitting which provides
the same as the original curve. After that, the 2-R planar
robot is driven to move by stepping motor that are
controlled via Arduino microcontroller (Arduino Mega
2560). Reverse kinematics is performed to enhance
robotic reproduction, the robot can reproduce pictures as
same as the original picture. The result is impressive.
Now we can find the coordinates (x,y) by transforming
the analog signal into pixel. The curve then can be draw
using Spline function in MATLAB software. The result
found that this program is able to reproduce irregular
curve very well. In the future work, the robot will be
driven to draw the curve pattern.

KEYWORDS
Curve tracking and reproduction, 2-R planar robot and
1-D spline interpolation method

1. INTRODUCTION

Currently, Curve tracking and reproduction are
another typical application of robots with vision systems,
having a broad range of industrial applications in
different fields such as metal cutting, welding, cloth
cutting, band automatic inputting of prints. In those
kinds of applications, the robot with a vision system
tracks the curves in the prints and records their
coordinates. The usage of an automatic input of prints is
realized. The design process is one of important
processes. The designing is designed to apply for robot,
automation system in industry. It is considered as one of
the most challenges task for design engineers. However,
the main problem is most of design engineers ofien
design patterns by free hand drawing which is difficult to
use such patterns with robots. Sometimes the patterns are
too complicated for robot to understand and work
effectively. The drawing is not geometry, it often consists
of irregular curve as ideal designs. Consequently, the
design engineer cannot apply the CAD program to all
sketching. The curve is tracked using cameras that are
combined with MATLAB software to increase the
efficiency of the design. This system is convenient and
popular in the industry. To increase stability of robotic
operation in an uncertain environment, a recent trend is
to use vision information in the dynamic feedback loop.
There are two working styles. The first style uses
cameras mounting at the end of the robot forearm, which
is referred to as an “eye-in-hand” structure and the
second one uses static cameras. Due to different
situations, the first working styles is good for tracking
with a high accuracy and the second one is fast tracking,
simply, easy to control and low cost. (Jing Lin,et al.,1999
and Cao, et al.,1990). Therefore, this research aims to
use machine vision to generate a part of end effector of
2-R planar robot for tracking and reproducing the
complex curves. This work is divided into two parts: the
first part is programming. And the second part is
prototyping the robot for reproduction the curve.
However this paper present only the programming part.
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2. EXPERIMENT
2.1 Experimental Apparatus
2.1.1 MATLAB Software

MATLAB is called Matrix Laboratory is a
multi-paradigm numerical computing environment and
four-generation programming language developed by
MathWorks, MATLAB allows matrix manipulations,
plotting of functions and data, implementation of
algorithms, creation of user interfaces, and interfacing
with  program written in other languages, including C,
C++, Java, Fortran and Python

In this research, MATLAB is used to process images
captured by the webcam camera. MATLAB processes
the image by transformating from analog signal to pixel.
Then the coordinates (x,y) are located using image
processing function in MATLAB software. The
coordinates are used by the robot to reproduce picture
that is similar to the original picture.

2.1.2 Webcam Camera

Awebcam camerais avideo camera that feeds
or streams its image in real time to or through
a computer to computer network. When the video is
captured by the computer, the video stream may be saved,
viewed or sent to other networks via systems such as the
internet, and email as an attachment. When it is sent to a
remote location, the video stream may be saved, viewed
or sent there. Unlike anIP camera (which connects
using Ethernet or Wi-Fi), a webcam is generally
connected by a USB cable, or similar cable, or built into
computer hardware, such as laptops.

Webcam camera will capture the image that drawn by
design engineer. The image is sent to process by image
processing function in MATLAB software. And this
research installs static cameras method to increase
efficiency of image processing, and reduce tracking time.
2.1.3 Stepper motor

A stepper motor is an electromechanical device
which converts electrical pulses into discrete mechanical
movements. The shaft or spindle of a stepper motor
rotates in discrete step increments when electrical
command pulses are applied (o it in the proper sequence.
The motors rotation has several direct relationships to
these applied input pulses. The sequence of the applied
pulses is directly related to the direction of motor shafts
rotation. The speed of the motor shafts rotation is
directly related to the frequency of the input pulses and
the length of rotation is directly related to the number of
input pulses applied.

The advantages of stepper motor is simple and
convenient for control circuit or microprocessor. In
addition, the stepper motor can run with higher accuracy
and higher torque compared with other motors.

2.1.4 Microcontroller

Microcontrollers are used in automatically controlled
products and devices, such as automobile engine control
systems, implantable medical devices, remote controls,
office machines, appliances, power tools, toys and
other embedded systems. By reducing the size and cost
compared to a design that uses a separate microprocessor,

memory, and input/output devices, microcontrollers
make it economical to digitally control even more
devices and processes. Mixed signal microcontrollers are
common, integrating analog components needed to
control non-digital electronic systems.

In this research, Arduino Mega 2560 is used as a
mechanism to control the stepper motor. The advantage
of this board is low cost, easy to use and there are plenty
of input/output channel.

2.1.5 2-R Planar Robot

2-R Planar robot is a 2 degree-of-freedom (DOF). It
has advantages in term of easy to calculate and low cost.
The kinematic of 2-R Planar Robot will be described in
the next section.

2.2 Technique
2.2.1 Kinematics of 2-R Planar Robot

Forward kinematics of the robot : The two degree of
freedom planar redundant manipulator is implemented as
shown in Figure 1. The joints axes are assigned based on
the Denavit-Hartenberg representation (Table 1). The
Manipulator moves on a vertical plane, the gravity force
is also considered in the numerical simulation.

(a) (b)

Figure 1. The two-joint 2-R robot
Table 1. D-H Parameter of the 2-R robot

Link a; @ d; 0;
1 I, 0 0 o,
2 I 0 0 6,

The (4x4) rigid transformation matrix of the first link is
expressed as follows
¢ -5, 0 Lg

=[5 a 0 hLs 1
lo 0o 1 0 M
0 0 0 1

While the matrix of the second link is given by
c; —S; 0 ki,

1_[s2 € 0 Ls,
B=g 0 1 0 @
0 0 0 1

Then we can get the over all manipulator transformation
matrix as
€1z —Si g 51"1 Tz gzcu
S. C S. S.
Tz°= (1]2 62 g 11‘52 12 (3)
0 0 0 1
(Mahmoud Gouasmi, et al., 2012).
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2.2.2 The Digital Image

Raster graphic is one type of digital image. Raster
graphic consists of with irregular shape also called
Bit-mapped which convert from analog devices, such as
a scanner or a digital camera.

Figure 3. shows the magnification image of the cloud.
The Figure 4 is magnified until the small square is found
as shown in Figure 4. Each square called “pixels”
(picture element).

(@) (b)
Figure 3. The digital image or Raster graphic
Each pixel has its own numbered address with
different colours as shown in Figure 4.

Figure 4. Pixels in Computer Memory

2.2.3 1-D Cubic Spline Interpolation

The cubic spline is used for a piecewise cubic
interpolating function. The term “spline” refers to an
instrument used in drafting. It is a thin, flexible wooden
or plastic tool that is passed through given data points
and defines a smooth curve in between. The physical
spline minimizes potential energy subjected to the
interpolation constraints. ~ The corresponding
mathematical spline must have a continuous second
derivative and satisfy the same interpolation constraints.
The breakpoints of a spline are also referred to as its
knots. (x. C. De Boor:, 1978).

The world of splines extends far beyond the basic
one-dimensional, cubic, interpolatory spline we are
describing here. There are multidimensional, high-order,
variable knots for spline approximation. The spline
interpolation can be performed using the Spline Toolbox
for MATLAB

CGualz-spline irie-olmon
R T O TR Y IR
£

TR i

19
S g i
R e e Ve e

Figure 5. Compare linear and cubic Spline

3. STEP OF ANALYSIS
Procedure of this research has 6 steps
Table 2. Procedure of this research

Design

Curve fitting
Dy SPLINT furctica

Contral
Dy Arduio

| 2R Robol !

3.2.1 Step 1 : Design engineer draw the picture, the
curve or irregular curve to the paper by pen.
3.2.2 Step 2 : The picture is captured by webcam

camera.

Figure 6. Prototyping picture
3.2.3 Step 3 : The coordinates (x,y) are found using
MATLAB software.

1 R
“
i A —

Figure 7. Coordinate (x.y) of picture
3.2.4 Step 4 : The curve tracking can be conducted by
connecting  those coordinate with  1-D  spline
interpolation method.

[ SR - pe——— ‘

e i e il i

Figure 8. Plot Spline by MATLAB Software
3.2.5 Step 5 : From equation (3), over all manipulator
transformation matrix is.
Cp —S12 0 Loy +hep
TO = |51z C12 0 Lsy+1s1,
lo 0 1
0 0 0 1

this research can determine the workspace of robot
that shown in Figure 9. The red line is link1 (;) with the
length of 15 cm., it can move 0°—180°. And the blue line
is link2 (l;) with the length of 10 cm., it can move
0° - 360°.
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Figure 9. Workspace of robot
The 2-R planar robot is driven to move by stepping
motor that are controlled via Arduino microcontroller
(Arduino Mega 2560).
3.2.6 Step 6 : Reverse kinematics is performed to
enhance robotic reproduction, the robot can reproduce
pictures as same as the original picture.

4. CONCLUSION

This article describes irregular curve tracking using
Spline function in MATLAB software. The result found
that this program is able to reproduce irregular curve
very well. The result indicates that integrated system is
static camera, find coordinate by image processing and
curve fitting by spline interpolation can be possibly used
for reproduce irregular curve efficiently.

In second part (step 5 and 6) is the prototyping of the
2R Planar robot for reproducing the curve, The author
and team will conduct it as the future work. Which we
expected reverse kinematics is performed to enhance
robotic reproduction, the robot can reproduce pictures as
same as the original picture.
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6. NOMENCLATURE
G i Cos(6)
S, Sin(g)

A
Cj : Cos(6; +6))
l . Length of each link [cm]
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