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Generation of Constant Orientation in Industrial Robots

Seung-Hwang Yi*, Seung-Han Yang**, Yong-Kuk Park***

E Abstract |I

In general, there are many degrees of freedom (DOFs) in industrial robots. So they have many poses of several special
end-effector’s positions and orientations. For that reason, industrial robots are used in a wide scope of industrial applica-
tions such as welding, spray painting, deburring, and so on. In this research, an off-linc continuous path planning method
based on lingar interpolation with parabolic blend is developed. The method safely maintains the constant orientation for
base frame and end-effector's path within allowable error and minimizes the number of segments in path. This algorithm
may apply to welding and painting in which the orientation is particularly significant. The simulation study of cartesian
curve is carried out to show the performance of this algorithm.
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n(1): Normal vector, s{t): Slide vector, a(t): Approach vector, p{t): Position vector.

Fig. 1 End-effectors position and orientation
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ty © Overall duration of the segment connecting points j and k
t, : Duration of the blend region at path peint k
t;. : Duration of the linear portion between j and k

Fig. 2 Multisegment linear path with blends
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(b) Cylindrical error{$) calculation

Ty, T Start and final point of any segment

T Cartesian position correspording to the mid-value of joint value of

T,, T, position
R, C: Radius(R) and center(C) point of arc T, T'midT,
P* : Cartesian position on the given parametric curve
R* : Distance between point C and P*

¢ : Deviation ,distance between P* and end-effector's path,

Fig. 4 Cylindrical error calculation
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(b) Interpelation curve is arbitrary

Fig. 6 Interpolation function for a segment

oAl BejR AR Agolch 5, ATVE R Az
A t=08 sl 4E =1, 2 Bk
w7 M w7t oA

8, =8, 80,

d

(2)

6,(t)=0, +

(921 - 920) % 3)
t

d

714 Weht=ax1,O<o<)oldw, B4 134 2
o 7 Mgge thest 2ol EAS D

8, =ax{6,-0,1+8, (4)

6, =ax{8, —0,)+06, (5)
sleja] A el #4 HEFL ol 2ot

Ab =8,—-8,=ax(8,~8,) (6)

AB, =8, —8,, =ax(0, —0,) N



ERBEVIAES=EE Vol.10 No.2 2001. 4.

20,
Ael ell

_ 8y -0y

0, " @

aynz Al B3 e Wete thEd 32 Koz
2 B e 18 4 Yok
8, =Kx(8,;, -6,)+8, ®)

th&2 2 Fig. 6(b)e+ 7o) B7t P48 34} thgrloz
7hg sk

() =a, +ai+a,t’ +a,t’ (10)

&zst 9200 U B 24248 083 2ol AN

8,(0)=6,.6,(0) = 0.8,(1,)=8,,,0,(1,) =6,
6,(0)=0,0,(0)=0,8,(z,)=0,6,(t,)=0 (1]

(107 (11)el X ZA=he] A& Fate Hejshd

8, =6y, +3a°(8,, _910)_2‘13(911 —6,)

6, =8, +3c°(6,, - 8,)) - 2070, —6,,) (12)
M Htel A g9 n@A 2 9
AB, =6, -6,=0Ca’-2a’)x(8,,-8,,) (13)

A8, =8, -8, = (3o’ *2a3)x(921 -8,) (14)

é_el=92]_920:K (15)
Ael 911 - em

B, =Kx(8,-0,)+8,, (16)

ool BEol, 3% L F4F o §4E WA 16)
A4 P48 o180 WA 9% 22 ke Aok

99

ol 29 g2 AL B} G Al E A4
dated $EE A3 $Ae do] Ak &, 712 AFA
chafl A A ek & Qs A Bl wsteEe
Hle 4488 daolvh. aeid, 7129 Wyl T
I E3E Y EUE AR E W 7 F9 A s
2 3EAe FE 057 W dAE ] /A H
2 okn BF A2 eaw ¢ 9o By s st
&5 7 A Lagih e F0E e8] ke
g =EHAN 4 &0 1, 5 AR D AL 71E 2UEY
ez, o] g ol &H B2 39 ALES gL AT
< Ak ez ¢ARAL TE o)A 2SR
T ohuet 2 o] 4de] A #AY didME A48 3l
o}.
AR 02 71E HBA &l LH T WL {7
a7] A ohEah &2 gubEg A g fEatgch

8, =Kx(8; -08,)+8,

AG .
A7 4 K=-ATJ(Z Iy, 12 A3 eg bite 5 A

4,re 7% 295, % olde] B0l e 1.2, 68
A2 7 wEY 27] #AZE UEH jE 11 YAeA
@m, AFHen 4(INE Asdd 2% dc-ouye
WS AREA HA T Bk ohle) AzAe eAR &
SEE

3. Al2go|M

Mgl AL YalM =23y dofE MATLABE ¢
et 2R e A7) wERS e g dEe o
S FASIEE Bidsle dndEY F AR E 2
g3 slek 14 PUMA 5609 thil 59} 7ldwe] 3
] A 272 Table 1o Veny itk 2851, Table 29]
A& AR e 3 s F4d(bezier curve)7
2o 3 A B oL g} Table 2o T4 Aol
4, 88273 ol BAG B TS eI 99
A 2HcM Az4de «EHL Table 33 2t} & 7}
=EA -3t BEFE A ¢ 2 oy Fat
ol 2] gro]ch.

AlBdeld Hale oS 2o

(i)l wjAS 2H(bezier curve)dl] a4, 2-1



2

e

o
=EHS

e eAAME o &t wEHS
(Table 3) %, H& AaUE AZE AP
Tt

(ii) Table 3% 74402 Table 1 Table 29 Ag2V&
ol gtcir] 4 %8 4 MIVE N 14,0, 1,8
FRAW. A g ol el Zteae daA wpas
&l & ol FAbE FetolA 1, @S ALY,

(i) 2t A2 EdA 713 A 1,3 e 71 2UE
€ 4A% ¥, 0 71F 2AEA dEA 4TS
H 4t A2MEd net 7| F2UEE BRI

(a} Cartesian Space simulation

7t gaelgol a4 448 A2k Fig 73 89 vt - e
1} gt -t iz
x’“' O ot * Tag, "
-k f" ’,g:“v‘”““"w x"j"x
Table 1 Maximum velecity and acceleration constraints = 1‘*." : -'::::;
. “ . ';
of PUMA 560 o A
-l 2 S
Joint t | Joint2 | Joint3 | Joint4 | Joint5 | Jointé
Velocity e e e e s ]
100 95 100 150 130 110
{degree/ser) (b) XZ-plane simulation
Accerelation 45 35 75 10 90 80
{degree/sec’) T Jﬁu
- ¥ 5 .a’"“*%
:x f“""’ﬂ;‘,‘ ?:3;@0 x;
Table 2 Path constraints - ;: R - \‘.‘
- 'Z‘:‘ ;‘.‘ 5 -: : x
Allowabl " b * 'x
Controt point vt = " i .
deviation | Duration (sec) Orientation W e :
(Lyzymm g 5 3
(mm)
(650,400.200), b C I g C BN S S ]
Simelation (900.200.200), 4 6 Slide vector : angential vector (c) YZ-plane simulation
(900,-200,200), approach vestor : [¢0-1]
(650,400,200} Fig. 7 Cartesian plot (unit : mm] }
Table 3 Knot points and curve parameter
Axis | rad | Cartesian coordinate {mm] Curve
Axis_1 Axis 2 Axis 3 Axis 4 Axis 8 Axis 6 X Y ¥4 parameter
0.3538 0.7451 24469 0 14398 -0.5422 650.0000 4000000 2000 0
-0.0258 -0.4292 1.8684 0 1.7024 -0.2687 821.8330 128.8705 200.0 0.3555
-0.2906 -0.3995 L81LE 0 £7300 0.1195 829.6659 -91.5560 2000 0.6022
.7495 -0.7451 24469 0 1.4398 0.1466 650.0000 -400.0000 200.0 1.0000

100



HRBRI|AH B2 Vol.10 No.2 2001, 4.

3
I ] |
- ottt

e
[T

af e e T e T T " L —

[} q + .

Fih
[1] -
o . e T
Y =
2 ——— A
%2 - '
EL —
4
2 3 +
-
B T
—
N _———
‘\n.
2| R

e miipt g
[ d
-18
D 1 2 3 4 5 [}
Axis 1
20

Fig. 72 F2H39 Z2E Jehlglch 7152 Wy e
Zt A29Ed disjA Ads] et Heluaiul, AFA
Atd WdMe ZE AIVES el Hisge
g WA A2 E YA o224 2o okdd
AZE gt

Fig. 8elX & W34 248 BdFv) Aaide] Waky
Late ARy ZHd Og -13-2 (roll-pitch-yaw)
2 REyct AtH o & Wk AR E FAlE o
$A Qe 7129 (A [-2.43,-0.32,0.1 7)degree)
o vl Alkat wh (A [-1.63 ,0,0)degree)dll M= A
e AT &+ Utk F, xy-HHo dald dPE uy
< FAEE B o

Fig. 9= 4 ¢taz| 5o sl 2 o] Alzte] g &

. Coavesroag)
5 / -a-. Proposed
/ A |

] 1 2 3 4 § [}
Axis 2
1
0.5
0
035
-1
[ 1 2 3 4 5 6
Axcis 4
to

Fig. 9 Axis velocity plot (unit : x [sec ], y [deg/sec] )

10t



o|5Y - YSH

o183

THEE Ho Eoh o714 4z S&dse 7 28
FAN 7HE D AE 7R &4 WA THR)SE E A
< ¢ & olek & B 7 RS ale BAG 7t 3
o] guttt. o] oz (17 WEAEF 2 ol
AR WS FAND A 2P 2w FolA €

|

P

rlo

4.4 B

A Ay FH AR #HH
| el 2 FheM Ha
e A% B 7}@?} QA Y 71 e ¥E84
o E3HE A e 7o, n BN =EF Ae]d
M Q= -013‘4514 ““““’ 4Pt F2E 5 de H3t
¢ xe IAl8ki . PUMASG0 23t thad Al &)
old 2 J’]“:-]' o2& ARE 22T ¢ UUT

we 4
ATHE #8732

n11ri
©

=l

(D ZEA 38 M8 L 71802 3ld, 7]
F A e Bk AR d=-ojdE ey A=
o} D RS TG F e AR 2T W
3& st

(2)y7hH o g Wglsie i H?:L
fxéld AORES A4S
Akl glo} Bk desin E%ZH AA & #63%‘
4 Slck

(3) B A7 HAFE AgdelAedM AlEF PUMA
560 2x¥T ohgl, ¥ A2 R dE 2R
A= H o] 7hEdich £ A6l A dn
5 B B oz #4dd Zx Mg
Aol B Fool g 2R MWLM R A}
£ 7Hs3tth

aongd
(1) R. P. Paul. "Manipulater Cartesian Path

Control.” IEEE Trans, on Syst. Man. Cybemetics,
Vol. SMC-9,No. 11, 1979

(2) D.E. ,Whitney, "Resolved Motion Rate Control of
Manipulators and Human Prostheses” [EEE Trans.
On Man-Machine Systems. Vol. MMS-10, No. 2,
1969

(3) R. P. Paul. "Robot Manipulators : Mathematics Pro-
gramming, and Control” MIT press, Mass, 1981

102

(4) 1.Y.S. Luh and C.S. Lin, "Approximate joint Tra-
jectories for Control of Industrial Robots Along
Cartesian Paths.” TEEE Tran. on Syst, Man, and
Cyberetics, Vol SMC-14, No. 3, 1984

(5) R. H. Taylor, "Planning and Execution of Straight
Line Manipulator Trajectories’, IBM J. Res., Devel-
op.. Vol. 23,No. 4, 1979

(6) 1.Y.S. Luh and C.S. Lin, "Formulation and Opti-
mization of Cubics Polynomial Joint Trajectories
for Industrial obots", IEEE Trans on Automatic
Control, Vol AC-28,NO.12, 1983.

{7) B. Benhabib, A. A. Golgenberg, R.G. Fenton "Opti-
mal Continuous Path Planning for Seven-Degree-
of-Freedom Robots.” Journal of Engineering for
industry Vol. 108 Trans. of ASME. 1986

{8) Markus Varsta, pasi Koikkalainen, “Surface model-
ing and Robet Path Generation Using Self-Organi-
zation”, Proceeedings of the 13th International
Conference on Pattern Recognition -Vol 4 , IEEE
Computer Society

(9) John J, Craig, “Introduction to Robotics Mechanics
and Control”, Addison-Wesley Publishing Compa-
ny. 1986

(10) C.5.G. Lee, M. Ziegler, "Geometric Approach in
Solving Inverse Kinematics of PUMA Robots”,
IEEE Trans. on Aerospace and Electronic Sys. ,Vol.
AES-20, No. 6, 1984

(11) K.Feldmann, S.Krimi, “Alternative Placement Sys-
tems for Three-Dimensinal Circuit Boards™, Annals
of the CIRP Vol. 47. 1998.

{(12) Y.Mizugaki, H.Hiraoka, F.Kimura, T.Sata,
“Continuous path generation with Precise Control
of Velocity and Orientation for Industrial Robot’
Annals of CIRP, Vol. 34/1. 1985.

(13) B.K.Kim, K.G.Shin "Minimum-Time Path Plan-
ning for Robot Arms and Their Dynamics™ IEEE
Trans. Systems, Man and Cybemetics. Vol.SMC-
15 No.2, 1985.



