Day 11

Inverse Kinematics; Trajectory Generation
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Spherical Wrist
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Inverse Kinematics Recap

I Solve for the first 3 joint variables (y, (,, 5 such that the
wrist center O, has coordinates

. 0
2. Using the results from Step |, compute R ;

3. Solve for the wrist joint variables q,, (s, s corresponding to
the rotation matrix

RE=(RYJR!
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Spherical Wrist

» for the spherical wrist

C,C.Cs—S,S; —C,CcSs—S,C C,S. C,S:0
S,C:C; +C,S; —S,C:S+C,C; S,S:  S,S:,

T 3:T 3T 4T 5:
’ tER —55Cg S556 Cs C5d6
0 0 0 1
If s.#0

O = atan2 (,/1— I, r33)
(95neg = atan2 (— \/1— I‘323 , r33)
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Spherical Wrist

Te=T Tl =

_C4C5C6 =545~ C4lsSs = 54C
S,CCq +CySs —S4CsS5 +C,Cq

0 0

fOr 95p081 S5 > O
94 — atanz (r235 r]_3)
06 — atanz (r32, — r31)

C,S:
S4 S5

Cs
0

C,S:0
S,S:0s
c.d,
1
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Spherical Wrist

Te=T Tl =

_C4C5C6 =545~ C4lsSs = 54C
S,CsCs +C;Ss  —8,C5S5 +C,Cq

for 6%, s.<0
0, =atan2 (~r,, —1,)
0, =atan2 (-r,,, 1, )

C,S:
S4 S5

Cs
0

C,S:0
S,S:0s
c.d,
1
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Spherical Wrist
» if ;=0

C,C.Co—S,S5 —C,CeS:—S,C C,S C,S.,

3 3 a5 | 2400 TCSg —5,C55 +C,06 5,45 S455de
T =T,T.T:=

—35Cq S5 Cs C5da
0 0 0 1 |
C,C:—S,S, —C,S—S.C 0 0]

184G +CSs —S,8+C,C 0 0
|0 0 1 d,
0 0 0 1
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Spherical Wrist

» continued from previous slide

C4+6

S4+6

0
0

S,Cq +C, S

S48

C4+6

0
0
1
0

0

0
0
0
ds
1

C,C;—S,S;  —CySs —S.Ce
—~8,8, +C,Cq

only the sum 6,+6;
can be determined
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Using Inverse Kinematics in Path
Generation
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Path Generation

» a path is defined as a sequence of configurations a robot
makes to go from one place to another

» a trajectory is a path where the velocity and acceleration
along the path also matter

10 1/27/2012



Joint-Space Path

» a joint-space path is computed considering the joint variables

link |

link 2

end effector path

1/27/2012



Joint-Space Path Joint Angles

» linear joint-space path
100

link |
50 .

joint angle
n
o
|

-100r1 . .
link 2

-150 1 7

-200
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Joint-Space Path

» given the current end-effector pose

T
and the desired final end-effector pose
T
find a sequence of joint angles that generates the path

between the two poses
» idea

solve for the inverse kinematics for the current and final pose to get
the joint angles for the current and final pose

interpolate the joint angles
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Joint-Space Path

Gy
9,

0 . . :
T = inverse kinematics = OQ:

f : : . f
T = inverse kinematics = Q:
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Joint-Space Path

find °Q from T

find 'Q from T

At=1/m

AQ ='Q -°Q

forj=1tom
t=jAt
Q=0Q+14Q
set joints to JQ

end
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Joint-Space Path

» linearly interpolating the joint variables produces
a linear joint-space path
a non-linear Cartesian path
» depending on the kinematic structure the Cartesian path can
be very complicated

some applications might benefit from a simple, or well defined,
Cartesian path
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Cartesian-Space Path

» a Cartesian-space path considers the position of end-effector
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Cartesian-Space Path Joint Variable 1

» non-linear joint-space path
140

130 7

120 7

110 7

100 7

joint 1

90 7

80 7

70T 7

60
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Cartesian-Space Path Joint Variable 2

» non-linear joint-space path
-40

B0 _

801 _

-100 7

joint 2

-120 7

-1401 7

-160 1 7

-180
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