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Research Topic: Robotic Simulation for Educational Use

Head of Research Team: Dr. Udom Janjarassuk (Ph.D.)
Industrial Engineering Faculty of Engineering

King Mongkut’s Institute of Technology Ladkrabang

Abstract

In this research, we study the theories and principles of development of simulation program
for the SCORBOT-ER 4u robot by using Visual C# and object-oriented programming techniques.
Robot kinematics is used to analyze the position and movement of the robot in order to display 3D
graphic by using OpenGL. The processes begin by measuring the dimension of the robot in order to
construct the drawings of each parts in SolidWorks, and then convert the drawings into points and
planes with the .ply file format. The data are then loaded into 3D objects for 3D graphic construction
by using OpenGL. The movement of the robot is calculated according to the user input. The
simulation program is able to response to the user commands and the movements of the robot can be

recorded for further usage. Each joint of the robot can be controlled separately.



M3y

Foq nih
UMY I f
UMY e Y
VT O fl
RS 1T L o 9
MV TY 2
unft 1 ymi

L MMM RUR SIS A 1
L2 aglssaenuedlnsam s a St 2
L3 MRS 2
1.4 szTemiimator a5y 2

a o Av ad y
UnNn 2 NYEHUAZIHIVYNINEIVDY

2.1 tjuwﬁqmrmnﬁu EndystgistRolioBy, ) N)NIIIITTTITIIIN 4 A LS ) o N F . 3

2.2 nﬁv‘ﬁzmhliunsuﬁﬁmq (Object-oriented programming,OOP)_____ . 9

230penGL______... . N\ €2 LEUINAI S (KNS & 44 12

¢ A ' ¢

24 mamansmanaewlvvesivend 14

zsgiivuvesudladiona Ply 20

2.6 MINVMIUITSUNSSNAUDEIVOS (Literaturereview) 21
d' ad o a o

und 3 IEmsdutivion

3.1 MIMOMYBWVUNAFU SCORBOT-ER du 22

32 msghawvmaifueziudeyavewuna___ 24

samseenumuulsunsy 25
d‘ o W

un 4 wamsIde

almsEnumnAR 30



dzoEfudeyavesuwuna._ 31

4.3 lsunsudravemshauvesuvuna 31

< y
unh 5 agiluasdereuenus

SN T 38
k4

R T L L 11 38

D O I O T e e e 39



ﬂ151\3ﬁ 2.1
ﬂ’]i’]\iﬁ 2.2
ﬂ151\1ﬁ 2.3
ﬂ’ﬁ’N"?‘l 2.4
1519 2.5
ﬁ’]i’]\i'ﬁ 2.6
9]']5’]\31‘7; 2.7

A5199 3.1

M5UYMIN

b

Hin
YT N HUDITBAB. ... eeeeeeeee et ee et e et e e e oo 4
TR UAZTBITY VO CArtesian RODOL......e.veeveeeeeeeeeeeeeoeeee e 5
oA HAZTOITY YD Cylindrical RODOL. ... ..eeverereeeeeererereeeeeeeeeeesseeeeteeseesesesesesesesessenson 6
TOR (AZTOITY U SPErical RODOL. ........veveeeerreeeeereeeeeesteeseteeseeeseeeeeereeeeseeeeseeereseeessenn 6
TOR ALVOLTY YD SCARA RODOL....+veeveeveeresseasereessesserseseeseeseessesseessesssssesessessssesss s 7
TR UAZVOITY VDY ArHCUIAEd AT, ... e.ereeeereeeeeesessseere s s seeeeseeseeseaeeseeseesseseeseses e e 8

e ] o

A3 MR N AO U IIIABITIADYNU. ..ot cev e 9
v °
FOY AT UNIZUBUIYUNG...v. v cversiesesrnessesesersssees e eeesssesesessssestaesbesesesseesesensenseseson 23



13taygy

wh
71 2.1 uarasdausen VB HOUAILS U OUN DA TZURIUYHE ..o 3
TUR 2.2 CAROSIAN RODOL...............ooeooesoeeeeeee e eeesse e eeeesseeeeseeees oo eesse e eeeeeeoeeoe 4
JUR 2.3 CylINAriCal RODOL. ..o+ veoeeeeeeee e eseessesseseesees oo eesessse e e oo eeeeeeooees 5
3‘1]‘71 2.4 SpheriCal RODOt ....uiiiiiiiii e e et e et e e e e e reee e 6
FUT 2.5 SCARA RODOL........v.eeeoeeeeeeseeeeeeeeoese e e e e oo e oo 7
JUR 2.6 ATHOUIAEd AT .........o oot eoessess e st eeeess e eeees oo 8
TUT 2.7 B UIIUUBUIMUABTUDIO oot eeneees s 15
FUT 2.8 MTIBOUIOIVBINTOU. ..o ooeeesssesieesort ettt 16
FUT 2.9 MISUREUIABIUOIIRADS ..ot eease s ot 17
210 MedwR 1AL =X NN 7 AN = N 17
U 2,11 1511 RO YIS DU, et 18
1l 2.12 manlagugnagvyfiae iR Lo\ 9L L0 6. 2;.) = w) o AN 19
31 3.1 AR D UM T8N TUYOWUEUR oot 22
FUT 3.2 HUUNATU SCORBOT = ER 41...ovv.... oo sssiceseesssss oo besr e ee st 23
317 3.3 FUFIUNENVOUYUND SCORBOT = ER il vevvvrvesoosseesssesseseensseessressnssteeseessesmeesesoes oo 24
317 3.4 MDA TURRRDAURITON L.ttt 25
JUR 3.5 UHL TR MIBITUSUNTI. oo teeeeoesseoeesesee s seeseosst et esee oo 26
U 3.6 AMIAUBTTUBIUUOUWUN. .- Looooooeeoeeo e seseseessooessset et eeeEbes et 27
71137 noTvon AN D T el S MY 28
31 4.1 da1lsEnoUV0UVLNAR B IUFAETUSUNTU SOUAWOKS. ... rres oo oessoostoerer oo 30
717 4.2 dannlszney base vosuwuna At TR s AU AR, . cccs oo 31
FUT 23 TUSUNTUTIOUUUND. oo oeeceeseessesss oo eese et eeee oo ee s oo 31
715 4.4 ey RBou WTONALIN VIEW. oo 32
U 4.5 HEAITUABUIITIRONATIIT . ..o eeeeeeees e e 32
3117 4.6 eI MIETENATIN Left 1102 Right AMEIFU 7 J0It 1ovvvvvvreeeereeeeeeeeeeseeeeeee oo 33
1l 47 HerAInTONAL}3 Up 1102 Down ATEIRY R J0IE 2......evvveeroeeooeee oo 33
71/t 4.8 usrmaniiionAt]u Up g Down AMEIRY T J0It 3evveeveeeveeoeeoeeoeeeeeeeeeeeee e 34
71l 4.9 UAAINTNETBNATIA Up 10E Down ATUEIRL 7 J0It 4. 34
311t 4.10 uansniiENAN Left 1102 Right AWEIRY B J0IE S.vvvvvooroeeerseeeseeeeees oo 35
gﬂ'ﬁ 4.11 uaRan idonALly Open UAZL Close AMFINY T IO 6........erveeeeereerereeeee e 35
JUR 4.12 UARITURBUMTADNAUMUIURL....ooooo oo 36






1.1 HADMIUBIMANAVBINTINITIY

ee

suumsndnludegiiudesnisseunainsniaiidu (Shot Production Cycle) HAZAMAMNAITHAN
o Yy o & o 1 4 A & ] oA A ] A ° ~
goilidanuiuulumainjusudinldugeaamnssuiiniuedudeiiiouilonnyuoudiimsromi
' X o 4 a 1 < t < I o
andu Fohldannsandsunaimsaialdteuasins edalsfan maTusunsuyuoud i
49 v @ ¥ o 1 v Y (a2 wa - I R do
mufiaesmsassedoanuiuazinvzasudragenindlifau Fededuiluynainsisenaunanlu
o v a Y o [ T o J
Ty uagiaudianouIndoeinanniugaudnmndaviaineg lums IFamnjusudeamnns sy fatieed
a ' I o Y g w A ' 2 g 4w
MsussPINyueuagaannssu [3lundngasudanam aunquanvesiiygmuileannjusudiiuinioasns
da o 9 o 1 et 1 9 9 o Y a wva a A Aada 1
A hildaoniugaudnymaisy udelifijueud Iiinfny 1daealfiiaes niefifioudiu
o { o & ) o [ v ¢ 1 T 1
vnadniidannuammnsadui iy nisnisihgesnu Ityuoudegluanmiinden 1Fnudeslda 195910
o 1 LY 4 v d g a a wa
go i bimbenuluaoniugaudnumatsuraiuoudia hiamnsa 1 lumsBoumsaoudal fia 16
a a a o @
AU1IPIAINTTNYATIMMNT AmLIrINTINMIAnT aoniuma TuTadwszeoundudnanms
manszisldimsdavewian Yfidnismieianssugaarmns daldusspuoud1$luiadevesnis
a wa 4 a a t a a wa ] { [ r Jd
Uiams ieiaTemaliinfnm ldnassldouyuoudludafia Taeusuddldiiujueudvia
< {a 2 r o r q 4
N34 SCORBOT-ER 4u YayviiunavulumsSeunsasuojuouatl hifismwaiiissninTiivansaufien
v ¥ o avy " w2 & , v 8 ' Y Yy 1 4o a 2 4 o
mniu v lideaiainAnyesniunguuaziindnu Iannseldau Idedraiats TanBnetuniisded
) o 1 ' J 2 4 o o ] ¢ o v L4
msthjesnuuassouisuyusuitesasuiiesnnindnuiviainus lums Tusunsuuoud i Idiuoud
a @ o d v ' 4 A o q yd ¢ 4 ) a
mamsrunuingiegroudnluszninmandouiivwihivgudiuniogunsalsryadeny
¥ ] 3 [
ms Tusunsuusudanns v Idneun uiFounse (On-line) tazuyy liiFonns (Off-line) Fan1s
1A ° o ] Ja N a A { o
Tsunsuuy lideuasei Iiinfnmannse Tusunsuusudnaiesnouiianesduluvasiindnuidn
o w Y YR o o o a wa 1 d & o @
aufidanaaosiuuesud Ia Fohlituszndanalumslficau edlsfiow ifesninindnudena
Uszawmsal lumsiden Tdsunsw i lddedimaud Iy Tsunsuluvasiidoudetuuoud Tasass Savirld
=, o 1 a g
@onalumssensailunanuedananides 1i'ld
a N ¥ o o o 1 s A 1 d a é‘ o £
asuiaunes lagminnldlumsseesmshauvesjusuditoroandymiifiadusumsldem
v I 3 [ - a wa a 4 o 9/ 4 aa A
yueuanaetedesinyz lumyilfidaugs Tasneuiumesezinuahanwaiou lnicuiififoudas
A A ) ¢ 4y Yo Yo & 9iawa o
mandeunvesusudn iy Tsunsui ladmualy sty fUfiRauansonsnaeumsinuves
1 g1 a o Yo v < a t v A a
yusuaneunvzii Ilsunsu U Idnuyueudsic gy msasnaeudumamanioui msasameumsa
¥ v
fudagseudna ludu uenvindl mydiasemshauvesusudseaunsolFlumsasivaeudumni e
' g Y 2 )Y 3/ o ' % 7 o Yo )
yueudmmsndide1d wazldlumsv seunaimsiauvesusug Use Temifmiuldsavesnisld

o o ] Jd { o o .
Tdsunsudraeamainuvesyjuouanenisiindnmauisadioulusunsulunious sunsudly



4 = 10 A 1 o ) 1 { 3 1
Tsunsuymnsesneuiiunes 18 Tag lisufludeuseunofuyueud TnsnsssuniTusunsufifouiuns
Udedanara v lddsanna lumslfiRoufuusudeiwaziin Tomalums Idauuoud g g

b4 3
uennnil m3ldTdsunsusaesmaiauvesjueuddalla Tomaliiindnu 1faseldusudiuduq 18

1o o o o % o a os [ 3

Taglisutludeafidmueudsds Fullumsiaduinuzvenindnmlumsldnudusudiazrtounumdon
Tumseen lhameseluewan

v ¥ yaua yw au & o ° o ' 7A 9

aay Fseie dine 3Tl lumswann Tl sunsudrassmsyhauvesquoudifendTaym

¥ 3 ] o o ot

fruuoud lifisane saisaadaymanudssvesmsiizavesusudsuiinninmsviainyz lums

IFnuvenindne

d
1.2 Inguszasnvedinsamsive
- iean Tdsunsuneufiames a1ns0s1a89m 1MUY UOATH SCORBOT-ER 4u 1o
soafuusuAgamnssuguduq 18

- eliludemsoumsden

1.3 vauunua9lasans3an

- vannTdsunsunoufinnefd MUy uELAT Y SCORBOT-ER 4u

q

Y

a I o A A o 1 '3 A ]
- Tlsunsuneufiuaes Mimmnyuiilassadniansesossuusudgaamassujudus 14 Ta
A 1dmaunsatloudeyataziunvesjususioldmends

o A o (] o 9 «:§ aa
- ﬂ']iJ’]iﬂi]'lﬁ'il»iﬂ'lilﬂm)uw‘U‘E‘N‘PjuﬂuﬂiﬂUnl‘]fﬂ'lWLﬂﬁf)ublﬂ’Jﬁ'mNﬂ

u’:i 1 Yor
1.4 dszleoviifimanezldsy
a o o v o 9/ [ '
- suinygmiseuivenindnu lumsldnujusudgamvnssn
= d' a .3 9 1 o v 9 0 [ ] o
- aﬂﬂ’nmﬁﬂmﬂﬂm%ﬂ::mﬂ11u‘lumﬂ“}fﬂuuuﬂuﬁltazﬂﬂﬁfmﬂvluﬂﬁ‘lngﬁﬂymutluﬂ

v =} E v J
- ‘H’JEJEIﬂ?J']EJﬂ'I'inl‘N']WU’fNTjUEJuﬂ



YN 2

QJ .

= a d' d' 4
NHHHUAZIIHIYTUNYIVD
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@ 3 Y 4 a J { o
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o ' . [ ] o ' o X 4, {
m3ifeda (Joint) Madeuumaetidiefuediaions 3 unundnes I8ALTTIY (Work envelope) 7

w

1 @ ° o A 1 = 3 w ot -4
sansaizuanaeiy il aunsadwnagldumsie demlmuriiaveajusud ldaede 11

1 b2
M3eft 2.7 agmsihdedeniaeaiuuinderiidiedy

BAVDIUEUA unuit 1 (e) unufi 2 (lnd) unuii 3@erien)
Cartesian (gantry) P P P
Cylindrical R P P
Spherical (Polar) R R P
SCARA Robot R P R
Articulated Arm R R R

R =Revolute, P = Prismatic

(ﬁuﬁuﬁ Lma'u'hmj_’u : http://www.elecnet.chandra.ac.th/learn/courses/ELTC240 1 /unit4/robot/robot2.hitm)

2.2 nm%ﬂuhlmmm%ﬁmq (Object-oriented programming, OOP)
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o

- ) wa & a P Sa an A AaA '
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2.2.1 nandAgvesmslenlsunsuBeing
- Class and Subclass

- Encapsulation

- Inheritance

- Polymorphism

- Abstract Data Type

2.2.1.1 aand
A 1 g daa wa a a A o 9
fA81a ADNGN (category) VBIDDUIVNANUAUANUAUATWOANTTUNIHUDUNU Tﬂﬂﬂmm:‘,ﬂmﬂizﬂau
a o { o o
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- %9 (Identity)
- A01UE (State) AUANLA nieA1weloya FUMUAIY value

- WYANITY (Behavior) Aiszyannsavhes 15 1dthe Faumudruwsen

2.2.1.3 1509
A S a1 A d &1 o vy ° =
wsea Ao Wenduiitwennganssuvesesuindinies 15 Idihe wseagnmualiluaaa
g ] 4 o o
Usenouda Fovouwsen 36031 Identifier AudIenTomuaudy O Taoluruduerndl parameter list
1 e []
pgn3e lun1d
getBalance()
raiseSalary(float Salary, float Percent)

2.2.1.4 Constructor Method
A da ¥ a ¥ g ) a4 ) A o A
ﬂﬂlnﬁﬂﬂﬂi%ﬂ'lﬂiﬂﬁi’ld instance object VOIAAITUU Tﬂﬂ‘ﬂsﬁﬂmﬁ’ﬂﬂuﬂﬂ\llﬂili)uﬂﬂ“lfﬂﬂﬁ'lﬁ Hag

14d 145 initialize YoyalWiy instance variable Taga lufimagenaalsiiu subclass taz 115N return i

2.2.1.5 Message
o o { o o < 4 {y rq 1 4
fAefdansedonruiiey Indoyandedaunlslarinu fifie parameter Tun18uii Tuild oop Aelfife
o 1 1 g v d o - 9 by |
ihaamdeyasenieenidnd Taslu message Hudvasznoudae
. & g0 2
- Destination (¥9¥8909ULANG)
- wren

- Parameters

2.2.1.6 Accessibility

d o 9 =2 ) A Yy fad 1 1 o o
umsmmuamadhdsvesdeyanSowseaneluaad Tagldadisa ae'luilunmsimuaszauns
Y &2
1104
- public: t$rde & Tunnd
9
- private: 1904 I@mmzarelunaa miniy Tisau subclass
- protected: 1189 I wzneluna1e uag subclass NAUNOARUNT (Inherit)

1 Vo [
- default: 1 liszy smdhdedoyamelunana uazeguiininufioasu
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2.2.1.7 Encapsulation
a o Y o . o [ 9 v g ¢ o v od
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@
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A 4 ¢
pansznunmInlasuntaineluseuiing
1Y . ' Y a o b% ) g o
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. g _ 7 q X & v g @ o o a
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o/ o o a (] [~ w
anudesmstazszauvesanusuiiulumsUniasivaz®en ulsesnitiu 3 52@U Ao Private, Protected uaz
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2.2.1.8 Inheritance
A o - i a - & W & 4 g 2 '
flo ﬂ'liﬁiﬁﬂfﬂﬂslﬁil mﬁuwaﬂﬂmanyms HAZNHANTINYDIDAADITH LN muuﬂma'nﬁﬁwu‘lwu
2 - o .{g - 9 A o 9 a r
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] E 4 ]
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o 3 vy
NSoNNOTA Iddne

2.2.1.9 Polymorphism
o q % 9 & 1 q Y g o 1 o '
M3 17 message ouniamunsadeldoouinduaazaalunaid uas subclass ADLAUDIAD message

[y s 1Y H o 1Y) ] ¥ [ =3 o

suiReny Tudnyusimunzauiuaee Yearued 15U method print Samnsadeldynesuiindvesnaid uaz
{ o 3 ¢¥ yo . ' g fd 1w ' o

subclass #1111%0B1ITNAUUITN method print UALUAAZBOLIINANANAUILADUAUDIAD message HANAY

o0 11U auanuansalums s
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2.2.1.10 Abstract Data Type (ADT)

) 9 8 o o3 9o 2
sUuyyrilavestoya Amunlugmuuaiuyies
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< 2
2.2.1.1] imgwah OOP WUNINNuINTU

1 o o o
- 3w uazsasy midaana lumsiannas g

A Ay ¥ = oA A ]
- wulSuaauin 18 razianunindedsunam
- mnsathIdenduinlFldon Genldaaa)

o ¥ N b4 = 1
- fAUULY (Prototyping) 1ASIAIEINT

b4 9 ° [ 'S 4

- asdunulumsadn uazihyednuaeriuas
- msseuad v Tdvhidfanansenu ldamousnaaia

(&% wamanado uay niierun wduns, 2550)

2.3 OpenGL
2.3.1 n"MUtiN8U3 OpenGL

OpenGL (Open Graphics Library) (Huasendiiag1aus1a (Software Library) #i 19aaderivaiauafiite
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a o & t:‘ 9o o o a o naé 3 a
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2.3.2 mawanHenl¥ OpenGL Tuszuunsiln

Pl
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2.3.3 Tnssadelau1dwugruues OpenGL
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d o '3 Y o a [] 1 ) [ 2 o a o
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2.3.4.1 OpenGL Utilities (GLU)
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@ s 3/
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2.3.4.2 OpenGL Utility Toolkit (GLUT
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2.4.2 HNAAg (Homogeneous coordinates)

24.2.1 éi'mmummﬁgﬂ (Representation of a point)

R . . & aw & H o o
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T r ] o o gl - = w Qr Y
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2.4.2.2 AWNUYDINAN (Representation of a direction)
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. i
iy =Y (2.2)
luz
0
2.4.2.3 AUNUYBITLUI (Representation of a plane)
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iiie Is;, In; o fa; gunumIAIBAMe M i ea UL X, ) tag z; Aud ey Auanslunseu R, ung

A s oA sl o o o o oA a
19 le ﬂﬂl’.]ﬂ!ﬂ@iﬂ!ﬂﬂﬁﬂ]!tﬂﬂﬂl@@‘ﬂﬂﬂﬂ]@ﬂﬂﬂﬂ'lluﬂ’ilﬂ\lﬂii’)ﬂ Ri Auanslunsou R;

7171 2.8 manfasun)asvesnson

4 U ) H o Q o o o a’l
"e’mmﬂqmmsﬂnan"lﬁ"nmmncf’Tj fruanuFuRyTvesnTOL R; NUNTDY R; M8 1NUUMNS

¥
¢ o A

P a a H = o Ja o o
nfasulasvoanaingluaumsi 5 lunnsassezgnidouilugduuuveswifsumnindg dsil

i

iTj=[ ‘A ‘Pi]=[isj m; fa ’Pi] (2.6)
o000 11 lo o o 1
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dulmemyanats wazeouindaranyely

2.4.32 minasunlasveannes

v
[ @

v /i & aw 4 o ] a {
Tinames P iluinaReivesga P Tunseu R, dagilit 4 dniuiidai@odves P lunsenved R, awise

wou'ldilu

'P = (0;P) = Is;P, + 'njP, + ia;ip, + P, = 'T /P (2.7)

: . )
37U 2.9 manlasunlasvewnnes

v
LY

niuas g T olismmsadnnaitavesnninei lunsou R; lumenvesiialunseu R,

freenafl 1 auudiwasnd T waz T, 9 g 2.10 Mawnish s ve il

/30 X3S 00 -1 6
= B2 R0 Y 2| OFF 97 -
] =1/~ \<D\ B\ & 1/0 -0 ~—3

0_©@x9)% LINED Bt

6 .
11/1- >'\i

37 2.10 dr0d199 1
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2.4.3.3 nsilfeulasvedszuny

A nuduiusveaiifeadussuuee WnReuutasldaamsti i 1dveasn {point, plane}

b4
[

JUU

jQ]'P —_ iQiP — iQiTij

ip = ipiT.
Q="Q'T; (2.8)
2.4.4 msnlasunaauun3ndueamsthanuy pure
1% Trans(a, b, o) Wlumsasuntlaeriindradu iife a, b uas ¢ wansBenmsdenuuiuny x, y uas z

Mud1AY M3doundasues Trans(a, b, ¢) wuaanegili 2.11

', = Trans(a, b, ¢) = 2.9

[ = R RN
oo O
OoOrPrPOo o
R oo

o Cd

v 4" as Y o i v o & = o
ao91nt 151098 1dduanyal Trans(u, d) 1uﬂ1illﬂﬂﬂﬂ15618ﬂ1ﬂtlﬂuu TagArd A9UUINAS NS

7]

Trans(a, b, ¢) @w15auAneonRUMATAY 3 U A Trans(x, a) Trans(y, b) Trans(z, c) Faldlumsgulan

-

3% 2.11 msulfeuudasesmsdronuy pure

J
2.4.5 mauauuaindveamsnyuveany

a d
24.5.1 ﬂ'li!L'lJ?NLllﬂiﬂ‘ﬂ“llf]\?ﬂ'li?ii!u‘llf]\umu X ﬁI'JEJ&!l] 8

o { a { ar
W Rotx, 8 1Wumsnldsuntlassiiadredu anzilfi 2.12 iaundidiudssneuvewrnined

i, i i - < T K
Sj» ‘D, a; YUIAH UK UIY MULUALIAU X5 ¥j» Zj UYBNNIoU Rj Vlllﬁﬂ\itluﬂiﬂ‘u Ri UANAD ‘1Ju

18



;=01 0 o o
n=[0 c6 so o (2.10)
ig;=[0 —so co o0]7

4 . o o (9 I 4
tiio S8 uaz CO flo sin(B) uag cos (8) Mumd uaz den T WumsnsuaInaveannes

1 0 0 0 0
it — _|0 ce —se Of_ |rot(x,8) 0
T=Rot(x8) = |0 &0 o of= : @.11)
0 0 0 1 0 00 1
idie rot(x, 8) Huwaing 1A 3x3
li
5 A
!
Ij'
= &
] i
| l |
{ 0 : yl
0
|
xx9
319 2.12 muasveams uy My NI x
2.4.52 MsulauuA3 nFueInITHYUIBILAY y A2y 8
Y ada [ : Y o
AMETTRTITUNIY x 92 ATy
C6 0 SB 0 0
i _ 0o 1 0 o0]_|rot(y,8) 0
Ty = Rot(y,0) = ~s8 0 C6 ol = 0 (2.12)
0 0 0 1 0 00 1
2.4.53 MmiwlauuAIndynanIsnyYUYR AL z Aavay 8
Y axa [ 9 g
AeIsReIR N x vz diu
c6 -S6 0 O 0
im _|s6 CB 0 Of|_|rot(z,8) 0
T=Rotz®) =" ' | ,|= 0 (2.13)
0 0 0 1 0 0 0 1

(Khali and Dombre,2002)

19



2.5 slunuyvesuiladoya ply

Ply file format (Polygon File Format) 1Yusiiuy
ar v o 1 o A 9/ [ v 9/ 1 9 [
anuduRusveslassnvieglaumaen Fedoyanind12sznoudisd1uve Header AINRI0EIUVDY
1A09A LATEINVDIFUNAIBINALN FIUVD header TITYTIUINALNA wazs Uz UIWVRLInTIAII0gY

: 1 a v gl o o !
Mo uasdiuendeguauiifveudazyasen 13y Aina x, y, z induannsmhdeyadana 1y 14 lums

A Qaa Qo 1
@ouTilsunsuiveudaaginsaauiialy OpenGL Library (Georgia Institute of Technology) A28814 Ply file

o

3
format Unatl

ply

format ascii 1.0

comment VCGLIB generated
element vertex 76

property float x

property floaty

property float z

element face 148

property list uchar int vertex_indices

end_header

-65.25 0 -4.7

65.250-4.7

-65.25 0.39859 -4.6830681
65.25 0.39859 -4.6830681

65.25 1.1843 -4.548345

36701 ™
3103

3023

33266 F>
33664 W,

|

G

v
Tugsuihiflumsuendoyaves
siwsefiimsuladinaiiu Py
Taun srwauiing Taouaily x,y

1AL z LAz UIUTEUI

y

v
[ o ]
Tudrutidlumsuaasldiviua
o ] = a o
> duau 3 agu ImsBoaiuxy 2

MUAIALY

! 4 g . y d '
Tuguttidlunisuaasdldinua
Aav 4 Ngu nguusnie tav 3

(=] { {
nneaNuN Wugdmumasunil

¥
& (Y [
emusImaulugayy
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d4 y ,
2.6 NINUMHITIUNTINNNGIVDY (Literature review)
° ° 1 o 3 w 9 awv Al Yo = 3 1
mstasamsiauvesueudiluiiderdsed lasuanvauludinivedunnluss ey
wauitesnnanusuiiulunisldzuumsnaauuudangu (Flexible Manufacturing Systems 15® FMS)
A a a 9 = ] 9 ] o Y ° p) kY 1
ounanda liiisanedanudoInisvesnain yusudgaainnssu lagni U 1Fnulududeg

Y Y

! 3 0 r (4= a 1
’E)EJ'Nﬂ’i"I\i‘U’J’N [6] uaxmimammsmmumamuaumﬂ"lﬂaﬂwmm”lﬂiummnmm auszinnuog

U

aq ¥
unles

s 2o d ' w oo ) ) ) & { g
goNALIS FuTanlioglulagtiu 194 Roboguide, RoboSim, MotoSim <a4 Anauuuiiilu

o 2o Yo 1 d a A d a w Y a 1 & =
gonawds NansolFldnuyuendsiiasieg uazunuiduvesTimdnaayuoudiesdeamsanans
msrhnuveauoud ludunwaiou Imawdiuesaunsal¥ruaulugamnns s ldvainnas ¥
0 I . ' v a % o a
Tfldmusonaaesmshauveuwagiueusd Robotic cell) TdAounsaadulvasyu Faudumsiy
F ]
maudenlumsesnuuuilssnu Hreanalfsienasnarlunsfans aaeasumsiivlsz@nsamms
o 9y 3
mauvesszun gy
° o | Y e 79 9 ¥ 4 A
ms 1aeensvhnuvesuoud lagnit lldszgad ldoulumsnudunemsafeufives
] (3 ° 4 { : " { o a 1
Yo [1] Taemssimeuduniimsinfouil (Path Simulation) Mefunoufiameiaslumseenuuy
(Computer-aided design ¥3® CAD) Hanniziive lanaassiussuuvuseinauaznamsnaaouanly
= v A 1 0 o ° 1 o Y w ] ’q 9
mudnnuhsiezanuBavulumaihmsassmsauvesgueudin g dredremsdszgnd 19au
A4 A, 7o o ' s Y1 ° Ay Zel o £
pumhgernihassmsmauvesjusuminly ldunmsSrassmsdeudioyuoudninauelu [7) 3
'y o ] - 4l o [} ¢ o wa
ldmstaesmsrhamvesuoudimiumsadiadsunsuvesuouduuusa Tusia medszgndldam
4 1 o ° ] o o ) g
8 ldun msldmssiaesmainuveajusud lumseenuuumagmsshnud miugaavns sy

a1meeu [2] iowelumsdinszamsdtavesdumnisdng unududdunseediu
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YN 3

M IA NI

mssaesmsiavenfusudlsznoudotuneundng suaee3lugyi 3.1 Taoludauusniihy
mssumdeyalssnoudas 1) uuauiifvesinguazglnsalildluntssaeansiieu 2) nuvawia
voauoud tag 3) Tlsunsuyuoud Tasnuna @ ludni 1) uaz 2) 1&vnmsiingaynssiuas
%ud'summﬁuaum’"lﬂﬁwmﬁmmm“ﬁﬂuumJﬁ"wTﬂsuniuﬂenﬁama%’*ﬁwiumiaammu (CAD) @7u
Tsunsuludand 3) fluTdsunsuiigdewduiosasnisireuvesuoud udsnniu Foyaszgn
UszananaTao Simulation Processor ifiofmumdmiazdununmandeuiiveaduoudansuns
fuoudiif1Foudh ndaimiu wof Idnnnsdnnuzgmivlladefunmawialasidada T sunsu
110 OpenGL Tnogldazifludasrvaouradnifilduagimsud v Tusunsuduoudieufiozi lidouss

IS TDIRER]

Component Robot Robot
3D Model 3D Model Program
Y
ax e G S G
|
Visualization
Adjust the Yes

obot program?

Test and Real
calibration system

{ ar H ° ° 1 4
g‘ﬂﬁ 3.1 HAUAUEANUUABUNITIADNINI TN N TUYBIHUBURA
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3.1 MIMNUVBMVUNAFH SCORBOT-ER 4u

SCORBOT - ER 4u 1lusjuoud ¥iia Articulated Arm (Revolute) dmiu 14 undusving Sefigildnual
Y = o 1 ot o a é‘, o A - Y R o s 9 A
aauana13uz1i 3.2 AjusudtivuadnnasansoAaasuugmiindeoud 14 Funnzdmsuns 1dauie

= o ° o wa ' seq ¥ A v saq ¥ ' o A
M3AnEasia0IMI iU lu workeell 6 Tuii 5y Yusudh Iden yuoudn 1¥anusuduinses CNC uaz
msguiiuaudue Taviilusunsy SCORBASE lumsniugumsyiauvedvuna SCORBOT — ER 4u
2 y t = 4

MITIABIN IV NIUVOUVUAAILITHIINNTTAVUIAFUAINVIVUNADI Y 1R 1F lums@eunuy
y o, 3 H ]
Fudaiuai0lasunsy SolidWorks  uazfny1venyansiAfouRvevUNa TAoUAaZUNULAZ YO LIYANS

indeuiveavUnNa SCORBOT — ER 4u lauaasluaisnd 3.1

MOTOR

GRIPPER ELBOW

1% 3.2 uyunPAgU SCORBOT - ER 4u

a15190 3.1 Jeyasumzvesvuna

anvuzIFIng Tassadunauiuters Tassauile
pemanuiiudase 5 nu UAL gripper ﬁmmmﬂuu”lﬁ'
suthmiinld 2.1 kg (4.6 1b)
PN
U 1 ‘ Base niyu 1@ 310°
unudi 2 Shoulder 3114 130°/ -35°
Ui 3: Elbow niyyu'l@ 130°
LAUT 4: Wrist (T9il®) Joaenna (Pitch) iy 130°
U 5: ¥yuToAe (ROLL) Wrist £ 570
voztann gripper 610 mm (24")
ﬂTlm?’J 700 mm/s (27.6 inch/sec)
3¥e 4 0.18 mm (0.007 inch)
msnau lufadumiaf myesume suufiuandusndumiaiu

23



v y
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Gripper Jaw 1)@ 0 - 65/75 mm (2.6"/ 3") NaNBuay luTFuay

Ardeia iWos aomu ang

UImin 10.8 kg (23.8 Ib)

3.2 msaianuumadiinaziiudeyaveanvuna

Y 1 4§ o o
vinarudIuang vowvuna lataldveii 119 umsi@ounuudaeTusunsy SolidwWorks udalas
d 4 ) 4 1 4 v a W H {
Tt IWagUuuy pLy iteIdidluTasesemviogdaumaon Fainsventiauagzszuuvesgannmavi
v g aa ' 2
Uszneumuiluginsemuiiaveaazyudiu
2, g & 2
FudIuNdnvedvUNa SCORBOT — ER 4u Usznousiofudaunanua 12 ¥ fie Basel, Cover3,

Lower Arm, Upper Arm, Bar, Tee, Grip01, Grip02, Grip03, Grip04, Grip Left 11a Grip Right ﬁ'djll‘vdl 3.3

v
a '

3U7 3.3 ¥udunanveauvuna SCORBOT - ER 4u
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3.3 mseonuuuldsunsu
3.3.1 00NUUUAIUANABNHUKIY (User Interface)

msfAnaenuf1FunIe User Interface ifudruidlFozidhdamsiauvesTsunsy sawlddens

aa o = ' v o ) A 4

uaasgdauiiavesnvunaluvazyinu Falidlszneuddysulsznonludro]uarugumsindoui
Y 1w & o oA oA - A4 4 o & ¥ ' v

wihatunndwmiaAn)asuld vazSongnisindeunainmdaiinuald daulsznevveaniies User

v ¥
Interface 1AAIA131/1 3.4 TaoliswaziBoaaail

37U 3.4 wihvedaudnsenug 19

[ id o & O o ¥ o °
1 wouy Wudwiiumhdaiomavealusunsy umstiuinld a55uTUsunsy wazdmua
< A A
anuisr lumsindeunveavuna

2. OpenGLControl iHuduiiansmmnaou miveavuna

ee

Y 1w & o vod a ° A A o =2 '
3. wihamaiuiadumds duadviuaasdmuannlaou lilveamsiiuinudazasa
) v & o o d oA o v a o o ] " Y ) '
4. pmiuinmay dujuiih liinamssas i lasezuaaeg luhaaiudindwmis
WA & y gy " o v Y 9 b A4 gy o
5. tudenyuuedihnjui lfidenyuuesvesnyuna liilwziud i Authandedunas

6. wauguuyuna WhujuilFlumsnruguuvuna iseomilu 6 Joints
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3.3.2 Tumeumsrauvesidsunsu

mshamuvesTusunsy $uarnms Tnaadeyannlnd pLy wiftu Bluseuindiiad w13 uagdmom
fumisvewdaziudnheddumislaveuvuna TasFosddunniudufiegdmdmevesuvunaani
Fuvesiuuna Mmhdwaaanm lnsmaigandasyanaeuiiussinuauimdsuiasihszuuaumion
wndefudlunmanda lunsuaasnimndonlna Tﬂiuﬂsmzmmﬁauuumsmﬁauﬁmmuﬂmnam{az‘ﬁu

° ' A ~ TR d & v A Ay v v oA H °
Hazw']ﬂ'ﬁun\‘uuﬂ']ilﬂﬁﬂuﬂﬂeﬂlﬂu‘n'mlaﬂc] lWﬂﬁlﬂﬂ']WLﬂaﬂuvlﬂ’lwvlﬂuﬂ?'ulﬂalua\i VUABDUNTITNINIUUBY

( Start )

M3 [¥aA Object

Tulsunsuuaaasgla 3.5

208 PLY
y
AUIUA UM UIVDS
v v
FUAMULAAZTU
A 4
Wasuyumsndeun
UEAAINIWLIUNA 3
An OpenGL 4

ATIVADUYUNT
PADUNATUAMUAIN

319 3.5 umugiinsvitnuves Tsunsy
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3.3.3 Wandumarmhauvealdsunsu

° o o w A o < 3 o
Tilsunsudrasamsyauveswunaliandumsfetoya iveAdoyalud LY vuiu13lueeuiand
o o ° 1 4 o o 1 q” 1 1 qy 1 4 H o o
FINFUNITAIUIUA WU UIVDIMVUND (NOAIUIUAMHUVOITUAIUUARL FUADUMTIAADUN Wanduns
o A A 4‘! ' A a 0o Aa w o Y a 4 o o
fuamsmisuiivewvuna iemulumsiadoud Tnsmsihwnaguiunsueswsuuasng Aanduns
P o A4 A A o A ¢ v A '
Wuanuda amunSeananuiiilumsindeu 1vua Wasdumsuaasninmsingon 1va Tngutaninms
A o 1 o & A qu A - v A 7w a A w8 9 A d
ndeu lvauilu 150 mmaemids e lgnmwndou nalinnuaeiiies uazWandumsidansetiuiindoya tWoiny
3 o ' A ay A o o & ANYw 4 Y]
Foyadumtimsmasu nifidesms niedladdan idiuin 13
A aall 9 Y 1 ' o & AQq Yo M A P
diemwsouaasglauiialduds ludrumsarugquan Addlddmiunnadeuiivewvuna
° ° 1 g ! v o aa o & A ° o g
szApsmIsamuIMs IR namasui TG Fdmsumsuaasnwenuiia sden lFdmsumsiiuan

o 1 g o w A o 1 o oA aa Y ° v o o o
aumdatludau mammmnmuw'lﬁ'"lﬂuﬁmmwmuummmuﬁaumimqmaﬂmﬂumﬂu

9/ g & '
3.3.3.1 My esulndain lwd PLY

msaduesuiindvesTudunvunasnsaih g Tﬂﬂmsiﬂam’faga@i’nmﬂanmz*ﬁuﬁwmuﬁax
Fugmon i pLy Taold part Fadlunaradifiivguantidien vesdudn 16us Ariifa (Vertex) A7
(Face) 91UIUANG (qumVTX) SR (numFace) HAZFMMTNVBITUE I (EndCo) Fafisuil Vertex,
Face, numVTX, numFace, EndCo Lagiiisonn19ad1900uisndisududimieuessudiu (iart 0) wazsa

Y L] 2 L]
FoyaveadudIunaluetsisd (Armay) Fellauiiu

Y o '

. o b4 o £ =3 sa q” 1
- InitPart() MU UM AT NOBUINALINAUAHHIUDIFUAIU

Y Ad o

1 Qy 1
- AddOfSet() MM MNAUA UK UIVDITUAIY

]
I a

o Y < o 2 a L
- LoadPart() 'V]’]Wu"lﬁlﬂﬂﬂ’IWﬂﬂ me‘ﬁumﬂlﬁ)wuﬂﬁlu

Part

-numVTX
-numFace
-Vertex
-Face

+|nitPart()
+AddOfSet()
+LoadPart()

] y .
717 3.6 AmaveI FudIUVBIUND

s 2o - o v 4 [ Y . I 9/ ] t Ao
BDULINALUADAZFUNAUTUUALUALHUININNDOUNU Tae9e 1% Coordinate 111U Tsea3 9v0IMISIAUATANS

A a 9/ 24 d| ° s o 1 L =2 1 o
UAZWHUAD “lumsﬂimmuﬂmm‘ﬂumimea‘umﬂeﬂ‘ua\umawumummawaﬂu
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1 Qy !
3.3.3.2 MIANMIUAUHINFUFIUVDIUVUNG

° o ' 2 o o 1 ' o ¢ o °
M Iss Mo wvunaiEueINMs Sudoyadmmianng 14 dedeyalilfafesddumsdiuam

U g
¢ { S

A 4 3 9 '4 o a A P ° t [ v 2 & Y
azyuasu ldssgndnna Tasldns e udumns nd iweldoudwmisvoanvuna ndanniuSedald
g o 4 : wa o ! o 3 [ 1
Wandumsuaasnmuaasmsinien Ina FellguauniBnuasuiunnd ow) S1Umman (col) gAY Laz
~ 1 o dy
lturoanes Adll
. o a9 o X
- Matrix() 'MINNATUNAT NFUUIN
o Y Ao 1 o 4
- SetElmt() Yhmthifmuaa luuasnd
. Y A o o d o 4
- MxVcMultiply() #*ENUUUATAFYUALIAADS

g 4

o { o o a { =1 PN
- ClearMatQ ¥iminnmdawns nan s sudeoudr Inidhuunsnamud

u

Matrix

-row
-col

-mat

+Matrix(}
+SetElmi()
+MxVeMultiply()
+ClearMat()

a o d
319 3.7 aaraveuums N

=h.

Tag
[x v,2]T = dwndswnadw

x,y',2z']" = dumusfine lny

ATHYUTDUUNU x

X x’
[rot(x, 8)] [y] = [y’] 3.0

Z z'

AMTUYUTDUUNU y

X: %'
[rot(y, )] [y] = H (3.2)

Z z!
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ATHYUIDUUNU z

X x’
[rot(z, 8)] [y] = [yl (3.3)
Z z’

snuald 8 dudunaisuaonnisnallu Samsnaty Up 1 afq vzuanyw T 10 ar uazmsng
Down 1 A%< szauyly 10 eern mimbuiledauale sz x, v, 27 A Wl uamanm
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3.3.4 M31¥ OpenGL Tumsuanamwmsinaen lvivesuwuna

4 ¥ o o ° 1 o o
msuaasnwmanieu lvavesuvuna lneld openGL iumahrannmsamaaludiudansuns
o Y aad o ' o Aa ) T N S Y
manadngdmudandaasdumuatigivvagninisaiugu uazatdumus Fudmilumhauuuaainim
aa d H A 8§ : ]
awiaiudunou Taold OpenGL lumsuaninmauia tazmsinfouiivesuyuna
mMsuaaImmiinvnmsihes s pdusauuna Fuiavinamaidmumianagaveavunaadie
o | o - o & Y ST
FEUTUAUIMAIUABNUVY OpenGLControl MF0RINTAA TasnmNsInguunieeuaainwiiuniSudy
H) d 4 4 s v 44 ° Y o 1y
nnduszdlumsuaainmmandeui Tnedumuaiiu/dounlas llvzgndunaudninuaadv udrauam

' v o 1 A% A g a g A
nourimiueen esnts U5 e Avzifailumsindon lvivesvuna

3.3.4.1 MIMAUAT LAY SIUNUILALYUYBIVDUIYUNG
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UNM 4

= W
Nan133vd
b4 aa
4.1 MITNWVUDINHA
Foyain ldninmsiavinaveyunavzgmirllidounuudlslasinsy SolidWorks 3U7 4.1 ueasda

dulsenounanveavuna

37U 4.1 AanlsznevveanvunanloudloTisunsy SolidWorks
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4.2 MaduToyaveMYUNA

4 [ - o v '
weNaalsznouvoavunaaieals 11sunsy SolidWorks tautauiiulng Ly Faaiuilszneu

< ' ' = (Y ' T [ d‘
venaeidlu Insas nansglaumasy snadetaulszneuvesvunaniziin 4.2

¢ V { o ' ' i
311 4.2 daulszneu base vourvuna My Tasasnawiegldmmaoy

4.3 Tsunsudaeam s e wvuna

A < v J 1 o ° 1 A g
weweuTsunsuiaionds wihallsunsuegnaninis srasauyuna lusuviasudy  (Home
position) 44317 4.3 Tudauvealaa (Source code) ¥0a T1lsunsy Ainvh 1duaas i lunaninvessioaums

av o &
MURVUY

| Recow Ven |

Joint 1 [ |
s () (5
s () ()

31U# 4.3 Tsunsudraesuvuna
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Manfasuyuueaveanssiass Tasmsnaju View aagii 4.4

JUN 4.4 uanasyuuesnn/dou hienaiu View

(Y g o % @ o (Y a
MsUSuANNTIveIMI T1aes el iden 3 sz e fast, Normal iia slow Aauanalugii 4.5

) SCORBASE

File Edit  Rus

normal

fast - =]
normal e ==
slow
3 U Down
N =
Gose

:.s' 2 - o
Eﬂ‘ﬂ 4.5 LAAIVUADUNITLADNAIINLIGD

32



@

vsenatjuans e lijusudindoun Az 4.6 - 4.11

G

JUi 4.6 tapemniiionalfu Left hae Right Aeay A Joint 1

37U 4.7 ugaaniiionau Up 1182 Down awady 1 Joint 2

33



3UN 4.8 uamanmiiona)u Up 11az Down Aa ey 1 Joint 3

3% 4.9 uansmmiional]ls Up uaz Down mud1aY 1 Joint 4

34



JUN 410 nananmilonai)y Left 1A% Right Mua 1Ay A Joint 5

JUN 4.11 nanInmiienal]y Open 1az Close AW@AY A Joint 6
v & o ' A4y A4 o o o v ' &
mitunndmumianseaeu lviveuyuna iveisongnonds awsni1 1@ Taenallu Go home 1o

o @ 1 A g ' . &4 ¥ 2 & P o ' Ay Yo o= Y
NAVYNWIINUTUAY meﬂmjn Run Continuous !WﬂﬂlﬁjﬂillﬂiUlilll!ﬂﬂ\ifnﬂﬂﬁaulﬂﬂ'llm']Hﬂuﬂﬂvlﬂvu“ﬂﬂ"l'l

uaa 13z 4.12 nag 4.13

35



gyt i
N SCCFM%\ s — i =i gﬁ

Run Continucus

Go home

L

Speed Help

Run Continuous ~ [N @ = z0 @ @@

EGboe. 3 - -

Speed  Help 114
Run Continuous. ?
Go home

3UN 4.13 naaavuaeumsisosngmanaeu lvaanuaveanyuna

36



18yam

)
v > 1

Y [ v o . o
FmsuindwmiaiiuIiddoya e 18Taon1sna File idon save 93 18 Tavoyaiiu ot vz

}
o

M

v

A Taunatju open (MBISUNYYAA

4 - .
nansaiong lunmendal

e =

a3adInNa

1 A3 4.14

L e
i

= Sl e s

5109 4.14 nanavupoumstunnuazila’lna

37



UNN 5

k4
ajluazvelauauus

5.1 agUwanmsidn

oo

i iJUﬁﬁﬁ'ﬂqﬂizmfﬁﬁaﬂ%’nTﬂsuﬂsuii'mmmsﬁmmammuﬂa elFlunsdoudmshauves
wvunaifiosd TasmsifeuTdsunsuns$1a0ms iU ve v UNAT Y SCORBOT-ER 4u i3091nM53AuLIA
veauwunaNAns UM shuwadendnudouiuudasTusunsu SolidWorks tazlaadiuWd pLY ionsm
TIHIUANDETIUINTZUIDVEIFUNST 3919 wezAnuimsiTouTdsunsuBaing, Visual C#, OpenGL Library,
Transformation matrix ttazfoyasumevoauna luusaz Sudau Tasisnufitauazssuuiinguaning

g an 2 - H o v oW X ] .
PLY nuaaaiiunmenuiifvesdudiunanuandseneudidreiusuilumuna lassusidemsindoud luue

& ? o) 4 aa
azgudmnng [undsswanauazsuaaauilummwndou Inaauda

5.1.1 R a5y

. ' ¥ s v '

Tsunsudreesmsrhnuvsaunaiaaiuamnsosumdngdly uazduiindrda1d 100 fida
v Y - 0 ¥ 1o & 2 1Ay . < a A o
WIouMITengMsyinuAuamdausnlaoEunnusuay (Home position) (T Talsunsuianunsafivinye
Y] ' i o X {

m3lduvunagi SCORBOT - ER 4u ifoananugaudoiinaiuningldaunsunaivnedssaumsal aananlu

@ o o |t W J [ 4
msfinywvunai ladnyazuasdeyasimizludeden1er vewvuna TasTilsunsudsnananseidiiuie
mioumsreulumuiyidaanssugadinms anzdanssumans donjumaluladnszsennduiiga

o Y
nisananszaeld

5.2 UolaudNUY

It

asiimsdsuljaldsunsundainnmsih linaasdldauciaiudiaulavdetndnyt e 1d
Y a < a a o Y 4 & ' ' 3
apandesnunislFauswaziiviszaniammsinuves Tlsunsuldinntslu  uazdwnemsifa
[ = [P ] Y a ° o A é‘ o3| -~ °
AlFnunsinuglensuldauss Tusunsusiasamshauvesvunaiadaiuduiesnissaoams
’ 9 ] ' . i
waoulmaveavunaminiy Feiinisiudy fie msadanimadenvenvuna wu uFnuRlfiiRy
¢ o & 44 g aa ' o < 3 ' ' 4 ¢
gunsaliau Funmiiherdes yuneanmluginuaang Amunsa/deundadldTasde u madeuwnd
1 £ 4 ] kY » ]
mMandou My Invert Kinematic uenainiinrsuaasnafiifinliuainmsinfioud 1vu Hamssu iRannu

L=
laeny

38



(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]
[10]

[11]
[12]
(13]

VITIUIUNTA

Pedro Neto, J. Norberto Pires, A. Paulo Moreira, “Robot Path Simulation: A Low Cost Solution Based on
CAD?”, IEEE Conference on Robotics Automation and Mechatronics, June 2010.

A. Aguiar, A. Silva, E. Villani, “Graphic robot simulation for the design of work cells in the aeronautic
industry”, ABCM Symposium Series in Mechatronics, Vol. 3, pp.346-354, 2008.

J. Swider, K. Foit, G. Wszolek, D. Mastrowski, “ The off-line programming and simulation software for
the Mitsubishi Movemaster RV-M1 robot”, Journal of Achievements in Materials and Manufacturing
Engineering, Vol. 20, Issues 1-2, January 2007,

P.C. Patic, L. Pascale, M. Ardeleanu, F. Popa, “Simulation and Modeling of a Column Industrial Robot
Used in some Different Mounting Processes”, International Journal of Systmes Applications, engineering
& Development, Vol. 4, Issue 4, 2010.

P.I Corke, “A computer tool for simulation and analysis: the Robitics Toolbox for MATLAB”,
Proceedings of the 1995 National Conference of the Australian Robot Association, Melbourne, Australia,
pp. 319-330, July 1995.

R. Bernbardt, G. Schreck, and C. Willnow, “Realistic robot simulation,” Computing & Control
Engineering Journal, vol. 6, no. 4, pp. 174-176, 1995.

M. Bruccoleri, C. D’Onofrio, and U. La Commare, “Off-line programming and imulation for automatic
robot control software generation,” in Proceedings of the 5th IEEE International Conference on Industrial
Informatics, pp. 491-496, Vienna, Austria, 2007.

Khali, W., and Dombre, E., 2002. Modeling, Identification & Control of Robots. London : Kogan Page
Science.

v a

ey UsFaziady, 2552. Waywerwdindudoe Visual C# 2008, nunn4 : dninfiuw mdagnd.
¢ ¥4
fi2

@ [ a 4 o L. a {
iﬁ‘i WIFMANATY LAL WNYBUN TWDUNT, 2550. Aung Visual C# 2005. WUNAIS . ATUNNA ©

g & a ¢ A A 4 ' o o
dninfiu inf f nouw uoud Aoudan.
gudsanuiimns sy, Huoudeasmssuilsianaee). < hitpy/www meeengineer.com>
a a 4 o a 4 a a d
Inea Tulananana, 2550. aeufiuaeingfinls OpenGL. njammd : Tsafiun TneivSymsfiu.

Intelitek. SCORBOT — ER 4u. <http://www.intelitek.com>

39





