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ABSTRACT

This thesis presents the modeling and real-time simulation programs that were
developed for the robot arm control. The technique analyzes the safety path, working area and
point to point motion of robot. The implementation of experimental forward and inverse
kinematics control method as Matlab m-files are described. The visualization and animation
capabilities of Matlab provide a realistic perception of behavior of the test beds without robot
before send the command to robot. Both the manual and automatic control is to control by using

the joystick and library file via PC respectively.
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Wiy ufduginveedes sxiinnudidyiniiga udezdesndoanuinidiv
FAUMAAT (Kinematics) HAXWAMAAT (Dynamics) Fuga Favindemsianudile manis
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MISNA 2.1 HAAINTINNUVDIYAADUOUA

a v w ¢
¥HA fyanul HINUITHE)
Revolute (R) & {unITMUTOUINY (Rotary)
; : - 4 &y ; :
Prismatic (P) 1 ManaoUNIYATU (Linear motion)

¥ '
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%ﬁmaau’unuﬁ uﬁ;%l (01 | unuit 1o [unuit s (i’faﬁan)J
Cartesian (gantry) P P P 3
Cylindrical R p P :
Spherical (Polar) R R P

SCARA R P R
Articulated R R R

R = Revolute, P = Prismatic

2.1.1.1 Cartesian (gantry) Robot

" :.: T Y o o =y
WUUUALIIY Cartesian AU 3 Yo auuuAvzIndeuii By (Prismatic)
F) 9 - o U . =1 v o " d a [ ' ]
& Tnseadaiianunendie Overhead Crane 3zGoninihujuoudyiia gantry uadjuoud i

=t n’: - ; A = ' = .
HudanTovnilunuudu Gond1 ¥iia Cartesian

gﬂﬁ 2.2 Gantry Robot gﬂﬁ 2.3 Work envelope of Gantry Robot
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2.1.1.2 Cylindrical Robot
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Wluginsanszuon dagili 2.4 naz 2.5

31# 2.4 Cylindrical Robot 317 2.5 Work envelope of Cylindrical Robot
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maszgadlaau Taoia lez 19 lumsnduon¥uaiu(pick-and-Place) nioflouduau
Yy A e 4 4y a A 1 - o v
WunseainsmszannsanasuitioonuinumiuresInsuan q Tdazain
2.1.1.3 Spherical Robot (Polar)
WUOUALII Spherical Taroaunuiindouludnumznmsnyu (Revolute Joint) fio

uAuR 1 (07 uazunud 2 (va) duunuin 3 @oron) widludnyusvensnasunnu

duasa magli 2.6 s i ldauineinu degili 2.7

311 2.6 Spherical Robot 311 2.7 Work envelope of Spherical Robot

Y =
VoA

® 5:UUNNA (Coordinate) LAz ulsznoUNA
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Fuanutoonv1mn303ily (Press) H3p01092 1531U1%ONYA (Spot Welding)
2.1.1.4 SCARA Robot
ﬁuﬂuﬁllﬂﬂ SCARA (Selective Compliance Assembly Robot Arm) wianyue

HAUT T (197) uazunui 3 (deen) MYUIOUNALLUIAT tazuaui 2 azfudnsuzns

e
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4 i o { o § { a s i 1 o
naoUNYUAL (Prismatic) #3310 2.8 Wil IdRuRMsMauds 77 2.9 uoud SCARA
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Y A Hg Yo o 4 2 4 & @ a '
dsznoudioiu 2 nyu nagzilenldihaudaniiadu Fwvunigeszgniaanaiuugiu lay
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Eﬂﬁ 2.8 Scara Robot gﬂ'ﬁ 2.9 Work envelope of Scara Robot
Y A
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A a & v 2
e aunsnmaoun unnszuny nazdivaaldiiaG?
e JanuuNuiiga
TJaudo
e Jiunnismauiing
1 . o ] ¥
o limunioniyu (Rotation) udnumzyuaig q 1a
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152NV 0IRUNITHYU (Rotation) TUANHMLNAT 7 UDNDINT SCARA ROBOT dald
HINEHUUATIVAD (Inspection) NMUVTIVIUN (Packaging)

2.1.1.5 Articulated Robot (Revolute)

ot et A

] o 1 §
HUOUALUY Articulated ﬁfluuuauﬂwm;lnuﬂumimaauﬁ%xl*f]ulmuwyu

Y ow &

(Revolute) jUnuUMsInADUNIZAMBAVIVUAY F192152N0UAIBFINDD NouNYULUNDUY
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g‘l.l‘ﬁ 2.10 Articulated Robot gﬂﬁ 2.11 Work envelope of Articulated Robot
Y A
R
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SRIGH

=y o . SRR
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2.1.2 é‘ﬂym:mw1mm1{iuuuﬁ (Robot Specification)
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HONTINIAUNA N 9 clufﬂil!UQﬂiZ!ﬂW‘UﬂQPlHUHWVIﬂﬂ133““?13“?13 gduanyue

' c; [ YV Yq 3/ | ' ot 3 ar a dyn.- o
“UNﬂUN'YI"]ﬂUiHPJi‘BiHﬂT?lﬂ'ﬂﬂ‘r{!uﬂuﬂﬂﬂﬂﬁﬂ13 ﬁﬂHm;ﬂQﬂathuﬂﬂﬂ151ﬂﬂ 23

! o " o
FI‘IE]&ﬁ 2.3 QUANYUTUVDIYULUR

AMANYEME (Characteristics) WHIH (Unit)
UIULNU B
¥

Anumso lumsemiimin: Kg
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ANWITIPITA, DANTUITOU sec/mm

7 =
szuziooudazalasn mm

] A A
MINYUVOUNTDIHD Deg
»

N1THIRMHUIAY Mm
ANUAZIDUALAEANIUD Mm
AMNIAAOUMTNIU B

sruzDoudazalasn (Reach and  Stroke) 1HUMTTAUUIAYDINUNNITHINIU
(Work Envelope) 96190317 9 5zuzidauialuiuiusu (Horizontal Reach) AD3z0EN1IA1Y

o A ~ A A =% = o o = o Yo o s
llu’J‘iﬁiJ‘l’lNlﬂﬂqﬂﬂlﬂlﬁ]ln‘imﬂﬂuulﬂﬂd lﬂmﬂmmmu!m)ﬂdﬂﬂ]1??1114614@1??141! alain
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~ - 4 1o V1
doiioansn lialdlasiaonnunugudaiinuiluuineue 391891 Stroke>=Reach

@
s ] ] - -

' ' fa o
#198139U 3oz NN luNNUUDU (Horizontal Reach) Y94HUUUANNANTINTZUDN

A

A w g ar {4 ° o = .
Ao uialunsg ans:uaﬂauuanmnﬁu'ﬂﬂmn 1Y 1uﬂ]ﬂ.l$'11ﬁ Iagauuluou (Horizontal

Stroke) ABMAIzHISANNLY TunaznuIuen Awaaslugiln 2.12
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//Vertical Stroke

A
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a 4.4 a - ' ’
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Vertical Reach

NITMYUVD Tool (Tool Orientation) Tuamzi 3 unundnldlumsioisanginsaves
A 4 o S A A Y - - A 4 o A A ¥
Auiinisminuunuimasdalaiumsinsanfiuimaiionu upufimdedaldums

WOITRIMINYUVDL Tool 92 191Us2UD yaw —pitch-roll (YPR) fag1lii 2.13

flom'
ﬂﬁ 2.13 yaw —pitch-roll Y94 Tool

. " ¥
Tumsszymanyu szAnlnsafing wol M= {m'.m*.m"} 13N wol naziaseiie:
A d o b . 4 . T
Ao lwioui ol danaaslugili 2.13 unu m’ viNuaguuIELIRVLAUVDA tool 1A
& Py 3 v A = = ) & a ' | ﬂ
¥oonnveilo Uy m’ VLUNIRAN1INY a1 ol taoua-Tla auunu m' il

mungiievnvesTnsaing M

: i . o 0w  w 4 1A § & oy a o
M3IAADUNULIY yaw —pitch-roll dZATEMIMUAIAUADUAURDYN HTDITuAL AT WA

o

A = . ta s a w VA T & A w VA
INADUN VO tool M i]zcnlfagﬂulﬂSQWﬂﬂBQHdTﬂﬂﬁJﬂﬂa = f f f ﬂnﬂﬂﬂﬂuﬂ{.‘ﬂﬁlu

Uawueararunau (Forearm) yaw fon1anau ool sounnudoiio £ pitch ABN1313U tool
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3 A .} A YA -3 1 = a
souunudeile /. roll ABMINYU ool soUNNUYDNE /7 TUNAAZAITTILUUINAATINNG

1 a =Y

o ) -~
wyundinninm Tasuesnndmonnudngyadut
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a i { @ s 9/
qAM0UD4 tool AIBHIAFU WU yaw 11) 90° AIWAIW pitch 90° dTANHULNTNIAIFANIY

Aranuman pitch 90° il udaamdan yaw 90° iilusdu

e
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mt mAanun
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n{jliﬂu

2
.
T
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:"T P
Yaw— // 2
2 .?.?22 m1
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-
T
. T Relh
Pitch— Yaw )

. Vv
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3R 2.14 daumanyuuny
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MIMHUA YPR A 19 UNITHIUIARIAINI131 2.4

M319A 2.4 MIIAAOUNIUL yaw.pitch 1AL row

%uﬂi)u ﬂijJ%‘U“lU LN
1 Yaw v
2 Pitch 1
3 Roll j

= d’? adc; k) =} o o o oo a = [ o
danilasnldszymanyuie szyddunInyuIRUAUYPR tazAaiiouny s g

A = = aw A 1A ¥ A @ - A A
ADUNVDI tool M unui Insaiinanogiisvesdoiio F aagdi 2.10 Tavisuusn roll Avns
WYUTOUUAY m’, pitch ADMISUYUTOUIAY m*, yaw ADMIHYUTOVUAU m' AI5AA

o o ' Y e o A
ANHMWEUITUNIN lﬁuiz'ﬂﬂ RPY ﬂziﬂﬂaaﬂ'ﬁlﬂnﬂullﬂu YPR
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f) mﬁ

i
Yas;’," Pitch
¥ 5 A
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2
m
4—J i
Fig
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w e 2
2 Yaw 5 /
' /’/
Y ;

2 1

m m

UM 2.15 S2UVYPR MU pitch A1 Yaw

m
fa Roll

L ¢ i A Yaw Pitch
4 LLLIGT i o
k¥ e K LR

¥ 2.16 35UV RPY
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P = 9 ' oM Ve 5 P
anudfyonlszmsniwoimsaiaueudne anuud lunsmiau Fanany
wiudilyuegiuaiedia 3 861
2.1.3.1 Spatial Resolution
A ] 2 A n‘: = d‘ " o ! a P o y:b
Aorramanideuniszornaduigaiuoudndazdianiofozin 1das
) ) Y s o @ ~
Spatial Resolution Hiupgnuenliznoudifny 2 1szms fo
1) S¥UUMIAILNY (Control System) TEUUNTAIVANTIZTINDINT IAT YD1

Hounduvorfuruaniy

3
=

2) AUAAIAINABUITING (Mechanical inaccuracy) VBIHUBUANAAZA VLD

¥
w Y

Snumzvostoniu (joint) 1azdode (link) HazszUUAUMAwB I UoUAR MU0
2.1.3.2 Accuracy
O | = | 1 4 =y ¥ =
Aodainansiinnuaniovesfueud lumsnaouid Indyaith imneaiui

13179 accuracy ansavzimualiaglumonves Spatial Resolution TaNatimsizdns

Y
=

A Hq ¥ ¥ v o v T A % a ¥
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Auimsmauveauoud dumuiinuluiuinsiauezianuuiudinnn vy
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1) 2930UMIMa aeseumsiauiiureseuiuiueui I anuminiinniu

¥ 3
o o as

2) mini 150 Snjusudia g minminnag ueriina lfaumiuéianas
2.1.3.3 Repeatability
ﬁaﬂnmmmmmauﬁuaw‘f‘lum?ﬂﬁumﬁnm%ﬁlﬁwamq afildifiosnn
AUNARIY 19U Backlash Tuiloauazannutiangu (Flexibility) ¥nadue139) Faiinii1¥iAe

AUAANAA 11 Repeatability

2.1.4 MINADUNVDIHUBUA
. A4y 3 g o & ”
Snvurmsnaeuivosfurudgamunisuil szamonumaniounveglnieilu
A @ 2 A4 A ANy w A A dl. ' . . VA
IN3099N31BUE nadfedl 1d 2 Anvuzio MINAouNIINIARDYA (point to point) LVUABITIBY
(Continuous path) Taoupuusnaziilumssimuaduonia (suduiduge) Inuquoud

A Y o A — 4 e e =& | ' Y ¥ & e
LWBiﬂnuLﬂﬁauﬂﬂmﬂﬂﬂuﬁ lﬂUﬂﬂﬂﬂﬂ‘Hua Tﬂﬂhluﬁu%ﬂ%‘hﬂﬂuwlﬁﬂu WQT’IHUUWWN
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4 4 o e A 3 AW A A A
mamaounludanvuzil ansoi I ldluanlszainmmdn 91 daves nTeaureuainga

s v o & Y Y H & '
(Spot Welding) 104 Tasupunassutludoalamisonnud lumsdsnuunnimunn

h.

2.1.5 pauauinou qmamunumqmammwmﬁﬂ
ANHALYDIII0TU (Drive system)
2.1.5.1 szuv'laasedn
& g a0 ' A A e vd
Failuszuuihoaemagua nuniu uazndeuniu G
2.1.5.2 szuunomas Wil
o g ¥ o . A e e
Wusznunlsamiluomos (Stepping motor) M3 1303 1711UD1AD (Servomotor)
w - o ' ' sAq Y a4 a o
dhud liaruquamsindeuidiuaia 4 uosuan ldluszoviiselisds i gunilounounsn
wasinnuazdee T lundvesiumialumandoud nfemsvidieziini
= = d
2.1.5.3 szuuHNuang

.:qy 8 as ' o g o n‘: [
sruuiilgnuuouava@n onaszu liugaon

2.1.6 End Effector

' s o s 79 ¥ o a
End Effector %30 “ilo » vnaquouathiluglnsainyuoua 19 (@

@
Y

Y oA A o ' - aa v ' Ay i, A oo d a1
uldiiteidous s = o » 118l Jeglugaidosmsminiu sudfiduiiiiforiieu ms
¥ ¥ ¥
TurudIu mataniaiuga MINUE 404 dniudnyuzvesdiuiisiaeiuesn higauiua
= l& s 1 =) 1 s =)
Suamnmsvesdoonuundsdeseenuunimmzauivau uddoziimsmisiuiiusiaud)
i c:‘lu by 1 [l = A aw . M A o
“End Effector” Hazaonldiiu 2 nqulvgiq Ao uuuiiedy (Gripper) nuuiloiilugilnsei
(Tool as End Effector)
2.1.6.1 Gripper
n:!w o s : 1 4 - ) [
Gripper iiluginsainldvurudunienioilo Taveonuuuil ldnawansmz
L~ N
Natyuegn UM T 19U 15U
) uupiiedy (o ous udeamulumsiy) IFauldnuiaannlizinm uanin
s Y =) oA " a
fhufaquovnsesdesiigUnsaiusioeiy
2) U Suction Cup DWAMMTAM T IHRAT g M FHudRsTunu
1¥1dnuagraE oumniu
3) HUUAZYD (Hook) FIMSUNEINVD 19U YBINDHUUTWWIY 90
o o as o { o '
4) HDUAN (Scoop) AMFUMIAUTvIvDIR DUV UM AIMTOH LN

2.1.6.2 ﬁa‘ﬁlﬂu@ﬂﬂ‘iiﬁﬂool as End Effector)
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- AaguniniiFoummnIzye (Spot Welding Gun)

- aﬂqﬂﬂﬁﬁfﬂuﬁ (Spray Paint Gun)

- @nginsniainu (Drilling Spindle) 44
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4 1 = d cL
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" cos(6))
-sin(6,)
0
0

"sin(0,)
0
cos(,)
0

[ sin(é,)
cos(#,)
0
0

cos(?,)
sin(d,)

0
1
-sin(&,) 0
0

—-sin(f,) 0
cos(6,) 0
0 |
0 0

cos(d,)

0

0

—cos(#,)

0

0
sin(d,) 0
1
0

0
0

sin(d,)
—cos(6,)
0

- o o O

L, cos(6,) |
L, sin(6,)
lLl

.

L, cos(é,) |
L, sin(A,)
0

1

L, cos(t,)
L,sin(6,)
0
|

(2.9)

(2.10)
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base

4 oo it o P o @ Y  a - '
vz Iadatininaumsn 2.12) dioviinguiundiee 1dmaTnduina 4x4 Tami 1x4

YOI WNAVDL X V.7 9aumsn (2.12)- (2.14)

X =(e8;8; toce Y, +Lies; + e (2.12)
Py =(5,5:5; +5,8,¢,)L, + L8, + Ly, (2.13)
z =(¢,8, —¢,5,) L, + L, + L, (2.14)

2.2.2 314!)6‘5%1’?1!1&311?’!?] (The Inverse Kinematics)

wquau“liiﬁﬁmﬁmu‘lmﬂm“lﬂ Foafoumadiomad stz do g, ¢,q. ..q)
maumunm‘fm waniolamdnmiveans lnmmmmm‘ﬂtym"lﬂ lavdafing1wie Bl L2 L3
X, v, zuaz Wi 6,, 6,, 6,. 6, Aaaumii (2.15)<2.18) uazaumsi (2.12)- (2.14)

Aliang lunaazdovewvunananslugili 2.23

3 2.23 mdanlsuaazdovesuna

0, = Atan2(p, ,p,) (2.15)
6, = Atan2(-s,,c,) (2.16)
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5'2:(P2L1)61L4+[P——L J( Sy 40 ) (2.17)

Cl

03:{ﬁ~[, Jc-.}l,ﬁ+(Pz—L,)(.S'_,L4+I,\) (2.18)
g

o

[f?. "LlJ +(p:—L3): —1"‘-:_1‘4-

&, =sin (2.19)
2L
Tudauves 6, Munduisegivuaesmvesmsyuutonoil
6, = Atan2lp, .p, | (2.20)
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2.4 woines IWvhaszuansuuuagiweslmemes (DC Servo Motor)

2.4.1 A% 199312101703 (DC Servo Motor)

3UN 2.24 V19199089 DC Servo motor

o

S = - A P 1 g il .
DC Servo  Motor  1ilustianilsvesuoinos sautuilusomos Ididinszuaasabe
A o 9 g A A a7 s
MOTOR) n50n3zua@al (AC Motor) Mo 1u Servo motor Naziid@mveaaaniosnazuaia
o ¢ = =
AR dmedyy e lunsnIugumMs MUY Servo motor | 1@ nazdn 2 1dwilu vee
NV Ground TABAIY04 Servo motor vz msanyu1A 180 vam ndvzinajuianIonyu
- = v o
1893 210 031 Tavannsafivzryulnagho 90 varnuaznavndn 90 pemdaaAIvLIA

dlsznovnazgailouivives DC Servo motor Tug17 2.24-2.26

l:i 4 =) o
3uUM 2.25 yaouiuivoa DC Servo motor
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3u# 2.26 amilszneumuoluves DC Servo Motor

2.4.2 15903195 2UUNIUNNVDA Servo Motor
FEUUAIVAUITOS 10w aziiluizuun1uquuuulia (Closed loop control)
Usznoudio 3 Tvuamsniuquio THUAMIAIUANIT 3TA (Torque Control Mode) 10y
350Ut lugalnuamsnIunudas 11 (Velocity Control  Mode) 1Az THuAN13
ALAUA NI (Position Control Mode) F10gailduuanga Taviiglnsaiid i #ag1l

227

Rl'{h To
18KE Servo

il 4 8 "
P1
50K IC1 &

I 7 3pb—0 Signal

1 1N4148 =
6 3
2 1

U 2.27 Tnssadweszuumuquasiaes 1

2.4.3 lsznouvoaadisesln (DC Servo Motor)

1) ﬁ%waﬂmama{mc Servo Motor)
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2) aqﬂﬂmﬂuﬂﬁﬂ?mﬂﬁ'auwaﬁa (Servo Drive or Servo Amplifier )
3) Qﬂﬂiﬂmﬂuﬂﬁu (Feedback Device 13U Speed encoder 1182 Position Sensor )
Tauitr 1ozl Servo motor v ilognatonuuand1aiunonetialsiaim Servo Motor fivz
Hmeniande 9 fusiatl
- Servo motor dxnyuifaTdy I pulse 111 Taodyanuauniig pulse Sz
AIURNMINLUNAL AAN19U81 Servo motor 110111 motor i ldameamingdoans
- Servo motor nu IW52300 4-6 volt AUNTZUA 9.7 mA (Idle) 1Az 130 mA (Moving)
- Servo motor dxa 13 avU 1A 180 Bam (Uagunyuld 210 par) fidhuguiifme
HosfunnudomoiioniAaiuings mulu

W o : a
- Servo motor S3UVUIAANHAZUIHUNIUN

2.4.4 HANNITHIIUV Servo Motor
3 oo =Y o @ s o < d‘l
Servo 12{NAIURAUAINITANNTOUNT ua:mam:ﬂu"lvlﬁw ( Potentiometer ) 3
Yasuna Motor axisoudaiuunuitusenuiiugaies nazaumilaesgailosnoziins
WYUINUYDI Potentiometer 44 Potentiometer  9¥ADIATIVADUA WM UUFIYUVDI Servo
¥ g i i
Tuva1iu n3od i3ty motor 104 1HaNNUYBI Servo HyuwIag Tudwman
=1 o a '
QNABY Motor Y04 Servo NIZAFANITIIIU 1AZA1I993ATITNYTINIYUVDIVDIAY Servo
' v a v A ' o = 9
Tigndes 2993 9zd101u 19 motor vayuliliTeeq 910 Servo o Tudmmisignaes unu
4 YV o = i ' i Y o
Y04 Servo 1nangonyu Idiuyumnis 180 09 1Az Servo WaTuAINTaNYU AU
nHafa 210 aeen Favzuanaieiullauidilszang Idoanuuuin ualaona luaa servo 1
A Yo o & ' ' 4 o !
gridenlFdmivniugumsinaeulniszegizndneo - 180 vaf 1 Servo 7311 vz i
o v A A A, ' - a4 o
annsonyuing Iduinn il iesingnaiuguindumnisgaie anus
o @ b
FIAINTANIUANMTHINIUYDL Servo motor 19 TasTloudyainnaiuniig puse Ty
" ¥
Servo motor HINUN VBTN pulse Uz TIHMUARIINLUIVDL Servo motor 119
i Vg & v i ' -~ -
wyuldodgdwmiala Fasimmsatlounnuniig pulse Tadana 5.0 ms-2.5 ms TaoAnuna

(Period) Tumsdsdaynun 111013 pulse (M171 20 ms A931/9 2.28
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20 ms

"

o A

31 2.28 Msdadiyaa pulse INBAIVAUA I DC Servo Motor
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MINRUMININUZIAN1909 3 gadioiudwanalugli 2.29 nazamnsaodue
Jupoumsmaudae Uil
o [ ~ ¥ A4 A o o vy

1) A uEoge 131013301HUATH Servo motor mﬂﬂuﬂ"lﬂmm;muwwqﬂ
(-90 03 lATaumstloununing pulse MY 0.5 ms

2) duiansanany sansanmuali Servo motor Infoui Tufaduiminsanais
(0 0371) Ta Taunistlouna1uni1a pulse 17D 1.5 ms

3) @umuavnga mamsafmuali Servo motor indaun Tdsdumianaga
(90 0371) 1@ Taun3tlouna1unina pulse 1M1AY 2.5 ms

Y a e 4 4 Sy v ¥

INPAD 10914 3 1310500 1Iud wnianaean s 19 Servo motor wagu 1116 15w
b4 V b W o " =3
01151793015 11 Servo motor m;u"lﬂuumumua -45 99 1510 IMITIOU (0.5+1.5)/2 = 1.0 ms

3w
14 N1 Servo motor

.5mS  2.5mS 1mS 2ms
sy Ko ke w5y o e
ov | 1 ov
| 5mS . 25ms 1.5mS | 2ms
full left centered  full right full left centered  full right

3R 2.29 Awmiamanyugo oam 3 2.30 Aumuams niyu4s aaen
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2.5 gUnsni FPGA

Unsai FPGA (Field Programmable Gate Array) flugunaaifi 14 lums T sunsuasosi 14
sonuuuas e IdgUnael FrGa  Tilsddumsminuawiidoonnuudesms Tunisin
FPGA Lﬁﬂl‘ﬁﬂuﬁﬂﬂﬁﬁW ASIC (Application Specific Integrated Circuits) ué’a‘tfuﬁﬁvfa%ﬁua:
doi1du fio M3 FPGA vziideiiialudiuvavorsnsmsiznoluginsal FPGA 923
$1uu gate 1145 100u§ 180 nazmsRn FPGA Az fumsimnaasusaununioe
wanlutlSinudt dudodveinisii FPGA Afeszozna i 14 ums i@ aamog code 3110
B1AINTIUNTENT download ToENT1A1371 ASIC 1 UAEMIsAI I TEUNSoNA Y design

¥ W

o ¥V o C7 = s a r&"‘ :‘%’ @ o A
ﬂﬂ']ulﬂﬁﬁﬂ]ﬂ N3N FPGA ﬂlUﬂi]ﬂ‘lJ'ulJ'lJ‘iﬁﬁ”ﬂ‘ﬁﬂTWJJ'HVU‘HLIH: dE@INUU NIVIUDIVNINNIY

o

aa Y A

uTEnAnRaagnaal FPGA Tdmunnuaniovesgunsal FPGA Taoiiudnnussrilsznoy

mulu wie dsmlsalassadanilaonssumolu nazialdwimlsc@nsawvoaendnas i

1971 PPR (Partitioning, Placement and Routing) @13 ug1lnsaniugdan

2.5.1 ASIC

a o

Y a = g a o
anuimhvesgammnssudaanselindilogiui Iiiamsiannanuansn
Lol = Y = " ET : - as
voagUnsain g mnmegdaih ldiinanisandi e msdunldesndsnunazvue Ty
a o oda - . A, o A M oy 4 & g yyae
ﬂJﬂ!&'lﬂU'Jﬂ‘HﬂiJﬂ']ﬁlWUﬂi:ﬁﬂﬁﬂWWllﬂz‘iﬁﬁﬂUﬂ'ﬂll!“!fﬂflf] lﬂ"UB\‘]'Ni]‘J'i']lJWfIﬂ“lJHLWHllﬂ‘UﬂﬂWﬂ
an s e s ' o ) AR o & o qwa
malulatlulns Insmeweiuazmisanuiiilogiu yaq adsiiinsienniuiiliine
» .
%¥047192993530naz leFnasgiunniu lumsWaidsanumuiniunazdiuu A
A A w o Y aa Va = a o
avInN NuIZOU uﬂﬂﬂﬂlkﬂﬂ@.ﬂﬂﬁm‘ﬂmﬂ1uﬂﬂﬂaﬂ1ﬂ"ﬂﬂ‘l‘3m'IﬂﬂﬂTiNﬁﬁiH‘Uu"lﬂM"lﬂ”] o
MIHNANIIT5IW (ASIC: Application Specific Integrated Circuit) P92995370 VLULMIUNG

ad19veniilu 2 nqu e Field programmable 1Az Mask programmable sianaaaluzii 2.33

ASIC

l Feld progranenable —‘ | Mask progranmmable ‘

Full Custom

31N 2.31 ¥HAY0979935IU(ASIC: Application Specific Integrated Circuit)

PLD FFGA | Gate sy | lStazﬂardCell
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Programmable Logic @uisoutalailuvatowiin TnoutiamumaTulaonldwan any

¥
s A

Fudouveaginial nioTnsaadumoluginsaiios Faawnsonialdsai
- Simple Programmable Logic Device (SPLD)
- Complex Programmable Logic Device (CPLD)
- Field Programable Gate Array (FPGA)
- Field Programmable Interconnects (FPIC)
FPGA TiTasaad1afiuand1alaan SPLD wax CPLD uagimzianumuinveuna
110N Tasaa319u09 FPGA axtlsznonliUdie nmavesufionaodn dauseudioau 1o
o Tsunsud vazfimsidousemniTsunsyld udu FPGA Sumad sy 1000

NATUDINAATUING

2.5.2 MINUIHIIAYDI FPGA

.
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1. Introduction

Robot arm modeling is very important to analyze
and specify the working area in order to obtain the
safety path before developing a real of robot arm.
Although many robot arm programs are available
mostly for industrial application which is difficult to
modify. Thus, the development of program robot
engineering using MATLARB is a good solution. since it
is easy and fast to modify codes and experiment with a
variety of controllers [1]. The benefit of robot arm

modeling is to study the design and motion control of

robot arm by forward and inverse Kkinematics.
Moreover, it could help to develop software for
industrial work controlling such as automation
assembly, welding etc.

2. Robot arm design and kinematics analysis

Since the robot arm is a chain of rigid links. the
coordinates of the mobile end can be mapped to the
coordinates of the fixed base using the techniques
discussed earlier.

Figurel KMITL Robot

However. in order to do this process, coordinate
frames need to be assigned to each of the links,
defining kinematic parameters associated with each
of the links and joints make the process much easier.

e

Figure2 Model link coordinates diagram design

Once. it has been decided that the robot arm
contains 4 joints containing 4 axes. in order to
determine its  kinematic  parameters. the D-H
representation and link coordinate diagram are used. It
should be noted that the link coordinate diagram is not
unique for a given robotic manipulator. Depending on
the initial orientation of the link, the D-H representation
will assign different joint angles. Following link
coordinate diagrams illustrate in Figure 1 with the
associated kinematics parameters of robot arm.



2.1 Kinematics of the Robot Manipulator

The matrix for the robot arm would be the
composite homogeneous transformation matrix, which
maps the tool coordinates relative to the frame of joint
no. 4 into the base coordinates relative to the frame of
joint no. 1, the individual homogeneous transformation
matrices for robot arm were constructed as follows[2].

[ cos(f,) —sin(d,) 0 01
gl —sin(d,) cos(d)) 0 0 0
* 0 0 10
. 0 0 0 1]
[sin(@,) cos(@,) 0 L, ]
i 0 0 1 0 o)
' cos(d,) —sin(d,) 0 L
L0 0 0 1
[sin(8,) —cos(6;) 0 L]
I cos(d,) sin(@) 0 0 @
’ 0 0 1 )
| 0 0 0 1)
0 0 0 L,
- —cos(d,) sin(@,) 0 0 o
| sin(@,) cos(d,) 1 0
0 0 0 1|

The direct kinematics problem can be defined as
determining positions and orientations of the tool with
respect to the coordinate frame, which is attached to the
robot base and given the vector of joint variables of the
robotic manipulator.

Almost all techniques need to solve the above
problem. What needs to be done is to construct the arm
matrix. which leads to the arm equation. The solution to
arm equation yields the solution to direct kinematics
problem. To construct the arm matrix, it is necessary to
determine all kinematics parameters associated with
each of the links. This determination can do by drawing
a link coordinate diagram and using a technique of
systematic  notation proposed by Denavit and
Hartenberg [3-4] for assigning right handed orthonomal
coordinate frame, which is one to each link in an open
kinematic chain of link.

For solving the forward kinematics problem of
robot arm, the arm equation can be stated as in Eq. (5)
to obtain the tool tip position P = [Px, Py, Pz], where
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Px, Py. and P are elements of [1.4], [2.4], and [3.4] of
the arm matrix. respectively.

Tlmn’ — 7‘(‘:?1127—'23?134 (5)

hase

Once, these elements have been simplified using basic
trigonometric identities, they can be written as follows.

Px =(¢,5,8; +¢,6,6, )L, + Lic,s, + Lye (6)
Py={5585;+85:¢; )L, # Lyxis, + L8, (7
Pr={as—e8)L, +LE L (8)

2.2 Solution of the Inverse Kinematics Problem

The direct kinematics equation, establishes the
functional relationship between the joint variables and
the end-effector position and orientation. The inverse
kinematics problem consists of the determination of the

joint variables corresponding to a given end-effector

position and orientation. The solution to this problem is
of fundamental importance in order to transform the
motion specifications, assigned to the end-effector in
the operational space. into the corresponding joint space
motions that allow execution of the desired motion.

Where Px, Py, and Pz are the tool positions, and ¢,
€, €3, 51, 52, and sy are cos( &, ). cos(éh), cos( &), sin( ),
sin(&). and sin(@). respectively. Solving inverse
kinematic problem of robot arm to obtain the angle of
each joint as the following expressions.

0, :Atan2(p\ .p‘) )

Once @, is known, the resulting structure is planar with

regard to the variables 6,.6;and 0, .

Hence.
0, = Atan2(-s,,¢,) (10)
When
Px
s, :(Pz—Li)c;_Ld +| —-L, (5'3L4 +L3)
o
g = E—JL2 oL, +(PZ“L1)(S:{L4 +L,)
cl
And



2

&—AJ Hp -~ LY - LI -1

1|\ S

6, =sin” (11)
' 5.7 0
where to a given end-effector position pw
g, = Atan2(p, .p, ) (12)

Three above expressions could provide the
robot arm for all values of the joint vector. In this paper.
the angles were set as &) = -80° to 80°, &, = 0° 10 75°,
and &; = -60° to 90°. The defined distances of link £, =
80 mm, L, = 50 mm, £L; = 150 mm and L4 = |80 mm
were chosen.

3. Visualization and real-time control using
Matlab

The simulations are coded as m-file in Matlab by
taking advantage of simple, yet powerful Matlab
functions of drawing and animation. As it can be seen
from the diagram given in Figure 1, the tool coordinates
relative to the frame joint 4 into base coordinates
relative to frame joint 1 have the position and
orientation as shown in Figure 3.

—— Button 2.3

X-axis of joystick

Y-axis of joystick

__Button 9
T Button 8

Figure 3 Controlling a simulated robot arm through
joystick

The control of robot arm using joystick as shown in
Figure 2 via USB port contains of the following
functions. X-axis and Y-axis provide analog -1 to 1.
The middle of stick is 0. Buttons 2,3 are used to control
up and down. Button 8 is used to reset in order to let the
robot arm return to started position as shown in Figure
3. The program will run continuously until pressing
button 9 to stop.
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Figure 4 Setup robot arm design on Matlab

The forward kinematics control program receives
the input from joystick. & and £ are moved on X-axis
and Y-axis of joystick. respectively. To control &
uses buttons 2.3 to move up or down. The position of
the three angles (6. 6. &) as shown in Figures 4 and
5 are calculated by forward kinematics functions as
shown in Eqs. (6)-(8).

Thus, the forward kinematics can be applied to
control the moving angles of each joint in order to
move the end of robot arm according to our control.
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Figure 6 Ranges of Angles ¢ and 6,



The inverse kinematics program is used to control
the tool coordinate. It is very easy by pushing the
joystick by X-axis and Y-axis. While the buttons 2.3
controls Z-axis.

There are many reasons that make this method
difficulty to control. For example, the movements are
over from the calculated ranges of (&, &, 6) or the link
of each arm is not long enough to move as shown in
simulation results. Therefore, pulling the joystick uses
to reset the robot or when we press the button 8, the
robot arm will return to the start position as shown in
Figure 3. The program is running even if no pressing
button 9.

Unlike mechanical implementation for a robotic
manipulator, when it is simulated, most of the design
issues such as joint friction. motor drive capacity,
torque, or link weight can be ignored. However, a
different setting of problem arises when it is attempted
to depict the robot manipulator and its motion on
computer screen using a Matlab program.

4. Simulation results

Our simulation consists of two sections; the
program modeling and simulation control using joystick
with forward and inverse kinematics methods to
determine the possible working area of robot arm. To
design the modeling. we assigned the angles and links
as follows; @, = -80° to 80°, &, = 0° to 75°, &5 = -60° to
90°, L, = 80 mm, L, =50 mm, L; = 150 mm, and L4
= 180 mm, respectively.

Table 1 shows the comparison between the
controlled simulation results using the forward and
inverse kinematics methods through a joystick. For
forward kinematics method. we control the angles of
each joint to get the position, while we control the end
of tool to get the angles of each joint using inverse
kinematics. The positions and orientations of simulated
robot arm in XYZ, XZ. and XY planes are shown in
Figures 6-8, respectively.

Table 1. Forward and inverse kinematic controlling

Position Forward Inverse
kinematics kinematics
&, 32.9294° 33.4732°
& 57.0846° 55.7698°
0 40.3109° 38.1860°
Px 292.3109 mm 288.2893 mm
Py 189.3137 mm 190.6140 mm
Pz 199.5633 mm 200.0000 mm
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Figure 7 Simulated robot arm in XYZ Plane
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Figure 8 Simulated robot arm in XZ Plane
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Figure 9 Simulated robot arm in XY Plane

To determine the working area, it can be calculated
using forward kinematics method from the angle and
link specifications as illustrated in Figures 9-11. The
sign (*) shows the capability of trajectory of the end of
tool from the desired angle and link specifications. The
working area from simulation results is assigned as the
safety path of a real working area and the orientation
for inverse kinematics control. Before the real robot-
arm implementation, if the change of working area is
needed. the adjustments of angle and link will be



applied. (The design and real robot should be
considered)

Figure 10 Trajectory of a Robot arm

. L 3
250 300 350 400

Figure 11 Working area of a Robot arm in XY plane
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Figure 12 Working area of a Robot arm in XZ plane
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5. Conclusion

The modeling and simulation of robot arm using
the forward and inverse kinematics control has been
presented in this paper. The proposed technique
provides the analyzed and specified working area in
order to obtain the safety path of a real working area
before developing a prototype of robot arm.

-

Figure 13 Robot arm pick up a ball

(Now, the prototype has been developed and submitted
by King Mongkut's Institute of Technology
Ladkrabang and has been shown in the KMITL
Exhibition 2006.)

References

[1] Marc Bodson “Fun Control Experiments with Matlab and a
joystick™, Proc. of the IEEE Conference on Decision and Control,
Maut, HI, Dec. 2003

[2] Navinda Kottege & D U J. Sonnadara, Virtual robot arm control
model, Institute of Physics, Proc. 20th Technical Session, Sri
Lanka, March 2004

(3] Saeed B. Niku, Introducrion to Robotics Analysis, Systems,
Applications, Prentice Hall, Upper Saddle River, NJ, 2001,

[4] P G. Ranky .C.Y Ho, Robor Modelling control and applications
wirh sofoware, Springer-Verlag, 1985



A
¥O-UIWAND

[ -~ =T
U moU N

=
(55

0

1529amafny

152 IAM TN

W.7.2546

W.7.2546-2548

W.7.2548-2549

W.7.2549-19917U

WAL

N.fA.2550

60

ﬂ wa YA

ILINNIVEH

Wb AR ATNINY

4 Famny 2521 NSandagqwasangs

8/54 2131a113A qYUIN 105 1YIINUT VAV AN, 10260

E-mail: Jettiya_y(@hotmail.com

2545 SAANTTUMAAT MR T1U1INIAINTTUNTIAGY

aoniuma TuTadwszaowndudigunmaaiansziia

fudumuvesaoniuma Tuladnszeemnd ndingummsaanizi
WEuaNAIUAI ROBOT Minsiominiilszimalng mares s
A10919150MAI¥1IAINTIUMIT IR

9 da = a = o
uazdioenssivina g lad madnamilaonssumans
AUZATANAAI QAT INNITY
JINTEOALLUMIY INDUSTRIAL ROBOT
v uenense lamsudulitisss 1na

s

9 [l a ke -} a = o o e
diams Tnsamathounanmieting v Inouniauuamund 1na

VlaueHauItes0d A SIMPLE TECHNIQUE TO MODELING
AND SIMULATION FOUR-AXIS ROBOT-ARM CONTROL , t4 117

U32ANMIUNINTA 1CCAS 2007 Jszmanna



2007 J¥X YIw uondunfuod u

Ga. 4 : A soomarivom—
ﬁm‘ . % mwm—é« ™S [..“.l“ e 09586-2-9-8€0066-68-8/6 :NGSI  b/B1X3£0 :Jaquiny Bojere) 333

J
%

12 Jéaloy 4noks Sdasr T 0T T T ———
£00T “0¢-£T 429010 | | Coe e

. yieagbuipasdoud-y |

/

#,

’d

i

FFF
&4,

7
F

G

¥

’
l/l

#
Pl t'. r

)
« % 3
¢ = &

. £007 SUWRISAS PUe UoRewoY 0AU0) U 2URIRJU0Y [eUORBLIZIY

o R

NSOIDE: 7003 SN




International Conference on Control, Automation and Systems 2007

Oct. 17-20, 2007 in COEX, Seoul, Korea

A Simple Technique to Modeling and Simulation Four-Axe Robot-Arm Control

Teerawat Thepmanee, Jettiya Sripituk, and Prapart Ukakimapumn

Department of Instrumentation Engineering , King Mongkut's Institute of Technology Ladkrabang, Thailand
! (Tel :+ 66-2-739-2406; Email : jettiya_y@yahoo.co.uk)
2 (Tel ++ 66-2-739-2406; Email :ktteeraw@kmitl.ac.th)
3 (Tel :+ 66-2-739-2406; Email :kuprapart@kmitl.ac.th)
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1. Introduction

Robot arm modeling is very important to analyze
and specify the working area in order to obtain the
safety path before developing a real of robot arm.
Although many robot arm programs are available
mostly for industrial application which is difficult to
modify. Thus, the development of program robot
engineering using MATLAB is a good solution, since it
is easy and fast to modify codes and experiment with a
variety of controllers [1]. The benefit of robot arm
modeling is to study the design and motion control of
robot arm by forward and inverse kinematics.
Moreover, it could help to develop software for
industrial work controlling such as automation
assembly, welding etc.

2. Robot arm design and kinematics analysis

Since the robot arm is a chain of rigid links, the
coordinates of the mobile end can be mapped to the
coordinates of the fixed base using the techniques
discussed earlier.

Figurel KMITL Robot

978-89-950038-6-2-98560/07/815 » 1CROS
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~ However, in order to do this process, coordinate
frames need to be assigned to each of the links,
defining kinematic parameters associated with each
of the links and joints make the process much easier.

s i S e S

Figurei? Model link coordinates diagram design

Once, it has been decided that the robot arm
contains 4 joints containing 4 axes, in order to
determine its kinematic parameters, the D-H
representation and link coordinate diagram are used. It
should be noted that the link coordinate diagram is not
unique for a given robotic manipulator. Depending on
the initial orientation of the link, the D-H representation
will assign different joint angles. Following link
coordinate diagrams illustrate in Figure 1 with the
associated kinematics parameters of robot arm.



2.1 Kinematics of the Robot Manipulator

The matrix for the robot arm would be the
composite homogeneous transformation matrix, which
maps the tool coordinates relative to the frame of joint
no. 4 into the base coordinates relative to the frame of
joint no. 1, the individual homogeneous transformation
matrices for robot arm were constructed as follows[2].

[ cos(8) —sin(6) 0 O]
—sin(6, cos(6, 0 0
g | S@)  eos®) "
0 0 1 0
0 0 0 1]
[sin(@,) cos(d,) O Lzﬁ
) 0 0 1 0
I = . (2
cos(#,) -—sin(d,) 0 L
0 0 0 1]
[sin(@,) —cos(6,) 0 L]
[7) in(é. 0 0
o | cos8)  sin®) "
0 0 1 0
0 0 0 1]
0 0 0 L]
T = —c.:os(94) sin(¢,) 0 0 @)
sin(@,) cos(d,) 1 0O
0 0 0 1|

The direct kinematics problem can be defined as
determining positions and orientations of the tool with
respect to the coordinate frame, which is attached to the
robot base and given the vector of joint variables of the
robotic manipulator.

Almost all techniques need to solve the above
problem. What needs to be done is to construct the arm
matrix, which leads to the arm equation. The solution to
arm equation yields the solution to direct kinematics
problem. To construct the arm matrix, it is necessary to
determine all kinematics parameters associated with
each of the links. This determination can do by drawing
a link coordinate diagram and using a technique of
systematic notation proposed by Denavit and
Hartenberg [3-4] for assigning right handed orthonomal
coordinate frame, which is one to each link in an open
kinematic chain of link.

For solving the forward kinematics problem of
robot arm, the arm equation can be stated as in Eq. (5)
to obtain the tool tip position P = [Px, Py, Pz], where
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Px, Py, and Pz are elements of [1,4], [2,4], and [3,4] of
the arm matrix, respectively.

Toe =L G'L'T ()

Once, these elements have been simplified using basic
trigonometric identities, they can be written as follows.

Px = (8,8, 66,6, Yoy + Lies; + Lig, (6)
Py = (s,5,8, +8,5,¢,)L, + Lisis, + L;s, 7
Pz=(c,5; —¢,8,) L, + Lyc, + U, (8)

2.2 Solution of the Inverse Kinematics Problem

The direct kinematics equation, establishes the
functional relationship between the joint variables and
the end-effector position and orientation. The inverse
kinematics problem consists of the determination of the
joint variables corresponding to a given end-effector
position and orientation. The solution to this problem is
of fundamental importance in order to transform the
motion specifications, assigned to the end-effector in
the operational space, into the corresponding joint space
motions that allow execution of the desired motion.

Where Px, Py, and Pz are the tool positions, and ¢,
i, €3, 51, 52, and s, are cos(8,), cos(&), cos(B), sin(8,),
sin(&), and sin(#), respectively. Solving inverse
kinematic problem of robot arm to obtain the angle of
each joint as the following expressions.

6, =Atan2(py ,pl) 9)

Once 9, is known, the resulting structure is planar with

regard to the variables &, , 6, and 8.

Hence,
6, = Atan 2(-s,,c,) (10)

When

% :(PZ_LI)CBL4+{?_L1](S3L4 +L,)

e :(E —JLz}c;JL4 +(Pz-L)(s;L, +1,)

G



[f—q]+(m—gf—Lf—q’
2L.1,

(11

where to a given end-effector position pw

6, = Atan 2(pw’ 3P, ) (12)

Three above expressions could provide the
robot arm for all values of the joint vector. In this paper,
the angles were set as 6 = -80° to 80°, & = 0° to 75°,
and & = -60° to 90°. The defined distances of link L, =
80 mm, L, = 50 mm, L; = 150 mm and L4 = 180 mm
were chosen.

3. Visualization and real-time control using
Matlab

The simulations are coded as m-file in Matlab by
taking advantage of simple, yet powerful Matlab
functions of drawing and animation. As it can be seen
from the diagram given in Figure I, the tool coordinates
relative to the frame joint 4 into base coordinates
relative to frame joint 1 have the position and
orientation as shown in Figure 3.

—— Button 2,3

X-axi}s of joystick

Y-axis of joystick
ey

Button 9
Button 8

Figure 3 Controlling a simulated robot arm through
joystick

The control of robot arm using joystick as shown in
Figure 2 via USB port contains of the following
functions. X-axis and Y-axis provide analog -1 to 1.
The middle of stick is 0. Buttons 2,3 are used to control
up and down. Button 8 is used to reset in order to let the
robot arm return to started position as shown in Figure
3. The program will run continuously until pressing
button 9 to stop.
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Figure 4 Setup robot arm design on Matlab

The forward kinematics control program receives
the input from joystick. & and & are moved on X-axis
and Y-axis of joystick, respectively. To control &
uses buttons 2,3 to move up or down. The position of
the three angles (&, &, ) as shown in Figures 4 and
5 are calculated by forward kinematics functions as
shown in Eqgs. (6)-(8).

Thus, the forward kinematics can be applied to
control the moving angles of each joint in order to
move the end of robot arm according to our control.

Figure 6 Ranges of Angles &, and &



The inverse kinematics program is used to control
the tool coordinate. It is very easy by pushing the
joystick by X-axis and Y-axis. While the buttons 2,3
controls Z-axis.

There are many reasons that make this method
difficulty to control. For example, the movements are
over from the calculated ranges of (8, 6, &) or the link
of each arm is not long enough to move as shown in
simulation results. Therefore, pulling the joystick uses
to reset the robot or when we press the button 8, the
robot arm will return to the start position as shown in
Figure 3. The program is running even if no pressing
button 9.

Unlike mechanical implementation for a robotic
manipulator, when it is simulated, most of the design
issues such as joint friction, motor drive capacity,
torque, or link weight can be ignored. However, a
different setting of problem arises when it is attempted
to depict the robot manipulator and its motion on
computer screen using a Matlab program.

4. Simulation results

Our simulation consists of two sections; the
program modeling and simulation control using joystick
with forward and inverse kinematics methods to
determine the possible working area of robot arm. To
design the modeling, we assigned the angles and links
as follows; 6 = -80° to 80°, & = 0° to 75°, 6 = -60° to
90°, L, = 80 mm, Ly = 50 mm, L; = 150 mm, and L.q
=180 mm, respectively.

Table 1 shows the comparison between the
controlled simulation results using the forward and
inverse kinematics methods through a joystick. For
forward kinematics method, we control the angles of
each joint to get the position, while we control the end
of tool to get the angles of each joint using inverse
kinematics. The positions and orientations of simulated
robot arm in XYZ, XZ, and XY planes are shown in
Figures 6-8, respectively.

Table 1. Forward and inverse kinematic controlling

Position Forward Inverse
kinematics kinematics
6 32.9294° 33.4732°
o, 57.0846° 55.7698°
&; 40.3109° 38.1860°
Px 2923109 mm 288.2893 mm
Py 189.3137 mm 190.6140 mm
Pz 199.5633 mm 200.0000 mm
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Figure 7 Simulated robot arm in XY Z Plane
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Figure 8 Simulated robot arm in XZ Plane
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Figure 9 Simulated robot arm in XY Plane

To determine the working area, it can be calculated
using forward kinematics method from the angle and
link specifications as illustrated in Figures 9-11. The
sign (*) shows the capability of trajectory of the end of
tool from the desired angle and link specifications. The
working area from simulation results is assigned as the
safety path of a real working area and the orientation
for inverse kinematics control. Before the real robot-
arm implementation, if the change of working area is
needed, the adjustments of angle and link will be



applied. (The design and real robot should be
considered)

400 400
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Figure 10 Trajectory of a Robot arm

Figure 11 Working area of a Robot arm in XY plane
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Figure 12 Working area of a Robot arm in XZ plane
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5. Conclusion

The modeling and simulation of robot arm using
the forward and inverse kinematics control has been
presented in this paper. The proposed technique
provides the analyzed and specified working area in
order to obtain the safety path of a real working area
before developing a prototype of robot arm.

Figure 13 Robot arm pick up a ball

(Now, the prototype has been developed and submitted
by King Mongkut's Institute of Technology
Ladkrabang and has been shown in the KMITL
Exhibition 2006.)
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