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Example 3
The three links cylindrical

“TS




The three links cylindrical
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Example 3
The three links cylindrical
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Example 3
The three links cylindrical
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c1|ca(cacsce — s456) — s255c6] — da(sacsce 4 ca56)
s1lea(eqeseg — S48¢) — Sos5eg| + e1(s40506 + €486
—sg(eqe50s — 5486) — C285C6

c1|—co(cycsss + s406) 4 s28556] — s1(—s40556 + c406)
—s1|—calcyessg + s406) + So858g] + c1(—s40585 + cq06)
sa(cacs86 + S4c6) + 28556

c1(cacySs + Soc5) — 815485

s1(c2c485 4 8205) 4 15485

—82C455 T (205

c18ods — s1ds + +dglcicacyss + cpossy — S18488)
s189ds + cydy + dgl(cy 5455 + cocys185 + c58152)

cads + dg(cacy — cqs0s5).
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End of Lec



Inverse Kinematics (IK)

“Given a goal position find the joint
angles for the robot arm”



Inverse Kinematics

The inverse kinematics is needed in the control of
manipulators.

Solving the inverse kinematics is computationally
expansive and generally takes a very long time in
the real time control of manipulators.

IK generally harder than FK
Sometimes no analytical solution
Sometimes multiple solutions

Sometimes no solution
— Outside workspace



Inverse
kinematics

Analytical Numerical

Method Method

Joint variables solved according Joint variables obtained
to given configuration data by numerical techniques

Geometric
solution

Algebraic
solution

For simple For more links and
structures,2-DOF in 3 dimensions
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Geometric Solution Approach



Geometric Solution Approach

» [t is applied to the simple robot structures, such as,
2-DOF planer manipulator whose joints are both
revolute.

" In the shown Figure,
the components of
point P (p,, p,) are
determined as
follows.




p, =1s0 + 1,50,

Lsin (8 + 8
2 ( 2)

— - =

L sin 6

p X

L cos 6 Lcos (6 + ©6
< 1 1 gl ®,+90,) »




r,., —1,coO, + 1, cO_
r, = 1,50, + 1,56

* The solution of 8, can be computed from summation
of squaring both previous equations

p. =Lc’0, +1¢°0  +211c6.cH,
p, =156, +1;s°0,, +211,50,0 ,
P, +p,=L(c0, +56,)+1,(c’0,+50,)+211,(cH,cH,, +56,50,,)

= Since c?0, + s?0, = 1, the equation is simplified as:

p. + p_f, =1+ 15 +211,(cH,[cO,c0, —s0.50,]+5s6 [s0.¢O, + 0,56, ])
p. + pj, =L+ 1, +211,(c’0,c0, —c0,50,50, +5°0,¢0, + cO 50 56,)
p. + p =1+ 1, +211,(cH,[c'6, +5°6,])

p,+p, =1 +1 +211.c6,



pe +p§_ =1+ 15 +211,¢c0,
and so

p.+p.—L -1

cO, = ¥ =
: o1,
Since, CEE}i +529i =1 (i=1,2,3,...... ), sO, is obtained as
II 2 2 2 2 ™2
+p.—L — 15
0, =+ [1—| PxTPr 50 1
o\ oL f

Finally, two possible solutions for 0, can be written as

| . 2 g2 12y 5 > 12 g2
eﬁ = A tan 2| + ||1_ P +p’- 11 12 1 P +p}, 11 12
211 211,



r,., —1,coO, + 1, cO_

r, = 1,50, + 1,56

= The solution of 6, multiply each side of equation
1 by c8; and equation 2 by sO, and add the
resulting equations in order to find the solution
of 8, in terms of link parameters and the known
variable 0,.

cOp. =1c"0, +1,¢°0,¢0, —1,¢0,50 56,
sOp, =1,5°6, + 1,s°0,c0, +1,506,c0,s0,
cO,p, +sOp =1(c’O, +s70,)+1,c0,(c’0, +570,)

The simplitied equation obtained as follows.

cOp, +s0p =1 +1,c0, . 3

1 2

[t



r,., —1,coO, + 1, cO_ 1

r, = 1,50, + 1,50 _,  ..... 2
= Multiply each side of equation 1 by -s8; and

equation 2 by c0, and add the resulting equations

—sO . p_. = —1,50.cH, — 1.0 cO,cO, +1,s°0 s0,
cOp, =1s0,cO + 1,cHs0,cO, +1,c 0,50,
—sO.p. +cO,p. =150, (c"O, +s579,)

jr.-

The simplitied eguation is given by

—sO p, +cHp =1,s0, 4

Now, multiply each side of equation 3 by p, and equation 4 by p,
and add the resulting equations in order to obtain c0;.



cO p: + s0,p.p, =p, (1, +1,¢0,)
_5611}11}1 T Calp:_, :p}'lisal
cO (p. + pi) =p. (I, +1,¢0,)+p 16,

and so

B p. (1, + 13c92)+p},12592

1 2

p. T

cO




p, (L + ljcl'i‘;_,)ﬂi}},lzs‘&l{1
P, +D,

ch, =

1

sB, is obtained as

||' "\
0 =+ ] _{ph(l1 + 13{313‘2)f}+p}__1;_5.\‘5}j ]
Py + D5

\

As a result, two possible solutions for 8, can be written

(p.(+1.60,)+p.Ls0, | p.(L+1Lch,)+p.1s,
0 =Atan2| £ 1- g : : I

\ P, +P,




Although the planar manipulator has a very simple
structure, as can be seen, its inverse Kinematics

solution based on geometric approach is very
difficult.



Algebraic Solution Approach
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End of Lec



