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Dynamical Motion Transformation for Autonomous Control Design
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A robot control system requires a feedback controller and reference motion pattern. However, because
of the phase lag of the closed loop system, the generated motion does not coincide to the reference pattern.
Moreover, the reference pattern has time-constraint. Because of these reasons, the robustness of the motion
will be low. On the other hand, the autonomous controlled system based on an orbit attractor overcomes
these problems, however, it requires a realizable motion pattern that satisfies dynamical consistency. In this
report, we introduce a motion transformation method to obtain the realizable motion pattern. The relationships
between joint angles, angular velocities and accelerations are represented by a product of a matrix, and the

motion capture data is transformed to the robot motion.
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Fig. 1 Feedback system for robot motion generation Fig. 2 Autonomous controlled system
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xlk +1] = f(z[k]) + g(z[k])u[k] (1)
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Fig. 3 Definition of the trajectory Fig. 4 Vector field
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(a) Right foot support (b) Left foot support

Fig. 5 Tap dancing robot Fig. 6 Dynamical model of the robot
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(a) Trajectory in the state space (b) Motion of the robot

Fig. 7 Motion of the tap dancing robot
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M(6)6+C(6,0)+ K(0) =T (5)
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Tmin S Tki S Tmaz (8)

obobodn;, 0, 0:000000000
0000000000000000 ()000000000 k0000000000000 0D00O0ODO0OO0O0O0
0000000000000 00000000000000000000000D0O0U0O0000000O0O0 (i)
gooooooooo Jo 6,0, 00000DOOOO

dJ dJ
Bk — ak — E(s, Tk < Tk — d—’rké (9)

00000000000 6,0, 0000000000000 00 VOUTOOOOOOD ()0000UoOooo
00o0oUoooooUoD 9YYoooUo ;0000000000000 00D00O000DO0O00 600000
goboobooobon

odb0ed0O0OO00O0OOOO0ODOOOeOOODOOO éDéDDDDDDDDDDDD(Q)DDDD

N . N .

dJ  0J aJ 00 dJ 06

——:——+§:—f—l+§:—7—i (10)

doy, 00, £~ 90 00, £~ 90 00,
j=1""7 J=1""J

0000000000000 #0OD00DI0NNNNE,/00,000;/06, 0000 0000000000000

000000000000000000000000000000000000000000000000000

Fi(s) = s‘iff (11)

000000000 fO0000CO0O0C0CO0O0OCO00O0O0OCOO000O00000000000000000
oooooo

g=b1W-~ w} (12)
00000 é0ennNldNnl0NNdoNnoooon

gl 92 P gN
. gN g1 - gN-1
O~0G, G = , (13)
g2 g3 - g1

00000000000 (13)0000000000000000000000000000000O000O0 60
gbooboooboooooboobobobobobooobodobobobobobooobobobobobooboon



obooboooboobooooboooboboboobooooooboboobooooboobooobOoboboooDo
0000000000000 000000D0000000000e 00000000

0 --- 1
O~O0G LGyL, L=| 1 . : (14)

1 .-+ 0
LO0000000000000G,00 (13)0000 f/(s+f)0000000000000000000000

000000000000060

6 ~-0G,LG,L (15)

0000000000000000008,/00,006,/00, 0000000

32 00000

31000000000000000000000000000000000000000000000000

gbobooooooboobobobooboobooooooobo8soboboooooboboooooboooboon
ooooooooooooooboooobooooOooobooooDbOobObObbObObOOo 20000000006,06,

Right leg gounding Left leg gounding

marker 0.2
T 3 —~

01 / ......... ™\

=) g

©

= 0 .

S NI _,."
o X
024 02 04 06 08 1

Time [sec]
Fig. 8 Motion capture of the human motion Fig. 9 Captured data and obtained data
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Fig. 10 Comparison between 0 and 65 Fig. 11 Obtained torque
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(a) Trajectory in the state space (b) Motion of the robot

Fig. 12 Motion of the tap dancing robot using the transformed motion

Fig. 13 Motion of the tap dancing robot using motion capture data
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