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Inverse Kinematics

Vleasurement & Control Lab

1. Inverse Kinematics?
* From the posture of the end-effector, calculate the corresponding
angles
v Conventional Inverse Kinematics
v Numerical method




Conventional Inverse Kinematics
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2. Conventional Inverse Kinematics
= Manipulator should be non-redundant
» The variables are an array of the axis angles.

= Redundancy can be occurred even if degree of freedom is less than
30rb6

v'Snake robot

* |n the conventional manipulator, the set of the answers are usually
more than 2.




Example : SCARA robot
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« SCARA robot

= SCARA?
v'Selective Compliant Assembly Robot Arm

L




Example : SCARA robot
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« SCARA robot

» R-R—-T-R (4 degree of freedom)
v'R: rotation, T: translation Axis 6 d a a
1 0, d4 a, 0
2 0, 0 a, 180
3 0 ds 0 0
4 0, 0 0 0




Example : SCARA robot
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« SCARA robot Axis Equation
» R-R—-T-R (4 degree of freedom) cos(6,) —sin(6) 0 O|[1 0 0 a1
v'R: rotation, T: translation T Ism("l) cos(6y) 0 OHO 10 0\
' rot 1 0 0 1 0[l0 0 1 &
0 1 0 1
cos(f,) —sin(6,) 0 0|1 0 0 az||[1 O 0 0
T sin(d,) cos(d,) 0 0J|0 1 0 OJj]0 -1 0O O
2 0 0 1 0ollo o 1 oflo 0o -1 0
0 1 0 1 0 1
100 O
010 O
I3 Io 0 1 4
0 1
cos(f,) —sin(f,) 0 O
sin(f,) <cos(8,) 0 O
L I 0 0 1 0‘
0 1




Example : SCARA robot
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« SCARA robot Axis Equation
» R-R—-T-R (4 degree of freedom) cos(8,) —sin(8) 0 acos(6y)
v'R: rotation, T: translation T, lsmgel) Coségl) (1) alszl(el)‘
0 L
cos(6,) sin(6,) 0 ay,cos(6,)
R T sin(6,) —cos(8,) 0 a,sin(6;)
0 2 0 0 ~1 0
9 vy Y2 0 1
‘ J - — ‘- ------------ 1 0 0 0
Pdy | b 3 0 0 1 ds
dl 0 1
4 3 G cos(6,) —sin(6,) 0 0
vel ' T, Ism(()@) cos(§04) (1) 8‘
0 1




Example : SCARA robot
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« SCARA robot
» R-R—-T-R (4 degree of freedom)

v'R: rotation, T: translation

NL1,13T,
cos(60, +6, —0,) sin(6;+ 0, —0,) 0 aqcos(8;1) + a;cos(8; +6;)
_ |sin(6, +6,—6,) —cos(6;+6,—6,) 0 aysin(6,) + a,sin(0; + 6,)
0 0 —1 d, — ds
0 1




Example : SCARA robot
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« SCARA robot

= Reference posture : [x, ¥, z, R, P Y]
v'[(Cartesian coordinate), (Euler Representation)]

I T,T3T,
COS(Hl + 92 — 94) Sin(91 + 92 — 94) 0 a, COS(Ql) + a, COS(91 + 92)

— Sin(91 + 92 — 94) _COS(Hl + 92 — 94) 0 alsin(Ql) + a, Sin(Ql + 82)
) 0 0 1 d, —d,
0 1
cos(P)cos(Y) —cos(P)sin(Y) sin(P) X
_ lcos(R)sin(Y) + cos(Y)sin(P)sin(R)  cos(R)cos(Y) — sin(P)sin(R)sin(Y) —cos(P)sin(R) y\

sin(R)sin(Y) — cos(R)cos(Y)sin(P) cos(Y)sin(R) + cos(R)sin(P)sin(Y) cos(P)cos(R) z
0 1

In this equation we can know that the R and P is
restricted to 180 and O degree, respectively.




Example : SCARA robot
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« SCARA robot

= Reference posture : [x, ¥, z, R, P Y]
v'[(Cartesian coordinate), (Euler Representation)]

L T,T3T,

COS(Hl + 92 — 94) Sin(91 + 92 — 94) 0 a, COS(Ql) + a, COS(91 + 92)
— Sin(91 + 92 - 94) _COS(Hl + 92 - 94) 0 alsin(Ql) + a, Sin(91 + 82)
] 0 0 ~1 d, — ds

0 1
ICOS(Y) —sin(Y) O

—sin(Y) —cos(Y) O
0) 0 -1
0

X v,z R PY] . 5 .
4‘/ i In this equation we can know that the R and P is
N—

restricted to 180 and O degree, respectively.
(Characteristics of the SCARA Robot)

_ N R




Example : SCARA robot
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« SCARA robot

= Reference posture : [x, ¥, z, R, P Y]
v'[(Cartesian coordinate), (Euler Representation)]

tan(6, + 0, — 6,) = —tan(Y)
a, cos(8;) + a, cos(6; +6,) = x
— a, sin(6,) + a, sin(68,; + 6,) =y
di—ds; =z

X v,z R PY] . 5 .
4‘/ i { In this equation we can know that the R and P is 1
N—

restricted to 180 and O degree, respectively.
(Characteristics of the SCARA Robot)




Example : SCARA robot
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« SCARA robot

= By characteristics of the trigonometrical function, we have two sets of answers.

[911 92) d31 94]1
B tan(91 + 02 — 04_) = — tan(Y)

a, cos(6,) + a,cos(6; +06,) = x
/\ a, sin(6,) + a, sin(68,; + 6,) =y
dl — d3 =7

[ oy Set of answer : {[01,602,d3,0,]1,[01,05,d3,0,4],}
X, y, Z, RN K

[811 82; d31 94]2




Example : Articulated robot
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 Articulated robot

» The serial robot, which resembles with a human arm.
= What if the robot arm has redundancy?
v" When the robot arm has an infinite set of answers

= This can't be calculated with conventional inverse kinematics
v'For this situation, we need to apply numerical method solution
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