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Nonlinear State Space Mapping That Uniforms Motion Dynamics

and Controller Design Based on Analogy
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It is an effective way to use the information of the existing controller to generate a new robot
motion from the point of view of calculation cost. So far, based on the attractor design method, a
combination design method of a new controller has been proposed. In this method, the common
elements of robot body and motion are abstracted from the existing controller parameters, and a
new motion is generated by combining these elements. However, to abstract the motion elements, it
requires the similarity of the different robots. In this paper, we proposed a state space mapping to
uniform the similarity of the robot motions and a new controller design method. The effectiveness
of the proposed method is evaluated by the experiments using tap dancing robots.
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Fig.2 Vector field in state space

0000000000000 0000Doooonooo
000000000000 000000000oDoog
0000000000000 0O0DOOODOOoOoOoODn
() opoooo000o0000000oo00oooOooooo
000000000000 D0O0DO00DOOoOooOooO
0000000000 ooooooO
0o0ooo®Qoooooooooooon

u = h(z) = O¢(z) (3)

0000 :000000000000¢(x)0 20000
obooobooboobobooboobooon

T
33:[1‘1 1‘2:| (4)
odobo0oooooobo 200000
T
x:[l 1 T 12 1o xQQ} (5)

0o0o000oe0o0loo0o0ooooooooog
00000000 O0O0O0DOoOO
2.2 0000OOOO0OOO ooo®Wooooooo
000 e0d000000o0noooooNnoD ADDOODO)
0000000000 N000D0)0000D0O0O0O0o0
0000000 0o00oooooon

zlk + 1] = z[k] + Az[k] + Bulk] + C (6)



gbooooobobooooboobooooboboo
ooboboooooboboO0og Fig30O0oooooooo

I motion-element

{ BA ¢6i)

body-element

BT ¢ GIkD)

Fig.3 Decomposition of z[k + 1] — z[k]
(6)0J0000«w0000000

ulk] = B¥ (z[k + 1] — z[k]) — B¥ (Az[k] + C)  (7)
0000000000 k00000000 xfk+1]—z[k]
D0000000000000000000000

wilk] = BF(alk+1] - alk]) = Ad(z)  (8)
us[k] = —B¥(Az[k] + C) =T(x) 9)

0000z0000000000000000D00 (6)0

0000000 Bulkl DOOFig30000 BA¢(x[k]) O

BI¢(z[k]) DODOOOOO0O0O0O00O00OOOBA¢(z[k))
O BTg(z[k]) 000000 zfk+1] —z[k] O Az[k]+C

OspanBOOOOODODOOO0ODOOODODO AOO (8)
0000000000 zk+1]—-2k00000000O0
00000000000D0DO0000000O00Trog
(9000000000000 00000O0DO0O0D00O
0000000000000000000000000
000000000000D00D00000000D0AOO
0000000000000 O000O00roooooo
0000000000000000000000Fig40
0000000000000000000000000O
0 ADBODDOOOOOODODOODOOOOOOODDO
O0O000BA¢(zx) 00000000000 OODOOOA

robotA x[k+1] robotB x[k+1]
4 s

;BA¢@MD SBA¢([k])

common vector

Fig.4 Calculation of common A (for similar robots)

gbobOoooobooboboboboobooobooooon

gbooooobobooooooooboboooooobo
oboooooooooooooon
gbobooboboooobooboboooboooooao
0o0o0o0obo0obboobo0o0obO0o0nDFigs0dnO
cOooooooO00oooOoOooooOoooooo AD
gbooobouobooobooboboooobooboon

robotA x[k+1] robotB x[k+1]
: ., BAGIRD

| BASGIRD

x[k]

different vector

Fig.5 Calculation of common A (for different robots)

O000OO0OBA¢(zx) DOOOODOOOOOOOOOOOO
oboboooooboboobooboobooboboobo
gbooooobooboooobooboboobooooon
oooooooo

3. 0DobO0obooooooboooon

3.1 0000000000000000000 O
0000000000000000000000000
0000000000000000 ADBOOOOOO
10000000000000000000 A0DOOO
0020000 «00000 BOOOOODO 0000
p0000A,00000AD0O001000000000O
Ap00000BOOO1000000000000
Fig6000O000000000000BOOOOOO
000 ¢00
T =F() (10)

000000000 FOOOOOOOOOADOOOOO
000000004#00000000000000000
0BOOO¢00000ADODZ2000000000
00000040000000000000000000
0BOOO¢0 Ap 0000000 ;000 20 Ay
0000000 @000

p1=Ap1¢(&) = Ap(2) O (= 11) (11)

0000 ;0@ 00000000000000 (10)0
0(11)00000

Ap19(§) = Aaro(F(€)) (12)

O00000A., 000 FOOOOOOOOAR OOO
Oo0O0O00oooooOooooo A0DBOOOOOOA
obooooobooboobooboobooob FrO00O0O0OODO
O00Ap; 000000FO0 A 0000000BOO
Upyddboboooobobobooogooooao
gbobogbobooaobooboaoboobooboabo
good
ooooooooo Fo

F(&) = Ho(E) (13)



robot B motion 1

robot A motion 1

& . X7
‘“_' 35 7 mapping . A/_\
~ '/ F C/{\ \\
N X
f \ ] \
1 é;l { [ Xl

{ 0 ) A 0 '
W, . Vs / N g !'
,Lllz ABld)(g) Il/\llz AA1¢(£)

Fig.6 State space mapping
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Fig.9 Dynamic model of tap dancing robot



Fig.10 Motion of tap dancing robot
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Table1 Frequency of robot motions

Target frequency | robot S | robot L
motion 1 (1.5Hz) 1.31 1.50
motion 2 (1.0Hz) 1.10
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