Advanced Robotics

Lecture 12
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Inverse kKinematic task
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Inverse kinematic task

Position of the flange reference frame in
the world reference frame

joint angles

world frame
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Two consecutive bodies are related by a transform
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Serial manipulator with 6 motions
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Denavit-Hartenberg motion decomposition will be useful
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Inverse kinematics — formulation 1

Given the position of the flange, i.e. the matrix M

and parameters of the mechanism, e.qg. «;. a;, d;

compute the control variables 01, 02, 03, 04, 65, 06
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Inverse kinematics — solution

Matrix motion equation M = MPMIMZMZMZME
— ~ _J
known
function of
oy, g, dj
and

01, 02, 03, 04, 05, 05
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Change of variables — from trigonometry to algebra
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1 unknown 6, —

Algebraic identity

2 unknowns ¢, s; + 1 algebraic identity

9@\
&)

2 2

c; —I—S,L =1

pajdla@cmp.felk.cvut.cz-



Change of variables — from trigonometry to algebra
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Inverse kinematics — formulation 2

Given the position of the arm, i.e. the matrix M
and parameters of the mechanisn, e.g. «;, a;, d;
compute the control variables

$1, €1 , S2, €2 , 83, €3, S4, C4 , S5, C5 , SG, Cp
subject to the constraint

M = M?(c1,s1) M3 (c2, s2) M3(c3, s3) M3 (ca, sa) Mg (cs, ss) M2 (cs, S6)

c%—l—s%=1 cﬁ—l—sizl
and c%—l—s%=1 cg—l—sgzl
c%—l—s%zl c%—l—s%zl
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Counting unknowns and equations

12 unknowns

S$1, €1 , 82, ¢ , 83, €3 , S84, C4 , S5, Cs , S, Cq

12 equations (3 x 4 matrix) but only 6 independent (m constains rotation)

/

M = M?(c1,81) M3 (ca, s2) M3(cs,s3) M2 (ca, sa) Mg (cs, s5) M2 (ce, S6)

6 equations

C%—FS%:]. cﬁ—l—sizl
C%—I—S%ZI cg—l—sgzl
c%—l—s%zl c%—l—s%zl

There is 12 unknowns and 12 equations — can be solved
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Decomposition to elemantary motions

Decomposition to elementary motions

— Oarlar2a73na74ns5
M = MO MIMEMZMEME
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Decomposition to elemantary motions

and rename matrices to make it shorter

M,Z:_l > Mz
_ Oaslar2as3a74275 R
1 ,
My M > M;1 M;>
M = MO arint pgl  ppint pr2  print ag3  ppint pr4 o print ppS o ppint
int "1 int ~"2 int "3 int 4 int -5 int 76

|

M = My My Moy Moo M3y M3p Mgy Mao Mgy Mso Mey Me2
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Inversion of D-H motion matrix preserves “linearity”

Cosf; —sinf;coso; sing;sino; a; cCosb; c  —S8ipi S$iqQi Q;Ci
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0 O 0 1 0 0 0O 1
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inv(M ™)

Inversion of D-H motion matrix preserves “linearity”
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Separate unknowns as much as possible

products of 6 unknowns

A
-~ N

M = M;i(c1,s1) Ma(co,82) M3(c3,s3) Ma(ca, sa) Ms(cs, ss) Me(cs, S6)

M5t (ea,82) My (e1,81) M Mgt (cs,86) = Ms(cs, s3) Ma(ca,s4) Ms(cs, s5)

- AN J
Y h'd
product of 3 unknowns product of 3 unknowns
— _
——

algebraic equations of degree 3
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