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e Lab 1 due tonight

e Lab 2 posted (due next Tuesday)



Outline for today

e Inverse kinematics

o Geometric solution

o Algebraic solution



Inverse kinematics (IK)

Redundancy:
(x,V) Given: I, L. x,y A unique solution to this problem
does not exist. Notice, that using the
Find: 6, 6, “givens” two solutions are possible.
. ’

Sometimes no solution is possible.
L,

X,y)

J IKsolution & [y — 1, < J/x?2+y2 <1 + 1,
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Geometric solution

AYo

(X y:6,)

Using the Law of Cosines:

¢’ =a’+b*-2abcosC

(x*+y*)=1>+1,> =211, cos(180-9,)

cos(180—-6,)=—cos(0,)
X2+ y*-1°-1°

cos(0,) = 5T
12

2, .2 72 ;2
0, =arcco e Nl
200

Redundant since 0, could be in the
first or fourth quadrant.
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: : Using the Law of Sines:
Geometric solution Singriie Lol onies

sinB _sinC
b c
sin,  sin(180-0,)  sin(0,)

-0

0, =a

Avo

(X y:6,)

1

o = arctan 2(1)
X

l,sin(6
6, = arctan2(y, x) — arcsin( 2sin( 2))

NrEe
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Recall forward kinematics solution:

Algebraic solution

A Yo

(XY 0;)

cos(a’b) = (cosa)(cosb) (sina)(sinb)

sin(a’b) = (cosa)(sinb)* (cosb)(sina)

X = l161 + lzC1+2 1 = COS(H]_), S§1 = sin(@l)
Yy = l151 + 1251+2 C142 = COS(91 i 92)

X%+ y*= (112C12 +15(c142)* + 2l1lzc1C1+2)

+ (L%s512 + 13 (5142)% + 2111351 5142)

2 2
=L+ 1" + 2L115(c16142 + S1S142)

= l12 + l22 + 2l1l2C2

x2 +y2 - l12 - l22

6, = arccos( T

|
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Algebraic solution

A Yo

(x¢y:0;)

s
/m" Note:

cos(a’b) = (cosa)(cosb) (sina)(sinb)

sin(a’b) = (cosa)(sinb)* (cosb)(sina)

x =licy + 10142

=/ c,+1l,cc,— 1,85,

=c (/y +1,¢,)—51(Ly5;)

c. — Xt S5 (Zzsz)
(L +1 )

y =1151 + 135142
=1/ s,+/,s,c,+1/,s,c
¢, (lys,)+s, ([, +1,¢,)

arcsin (

y(ly + 1¢5) — xlys,

X2 2

)

.




Three-link robot
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