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A Study on Motion Planning Generation of Jumping Robot Control
Using Model Transformation Method

Jin-Ho Suh?, Masaki Yamakita* and Kwon-Soon Lee**

ABSTRACT

In this paper, we propose the method of a motion planning generation in which the movement of the 3-link leg
subsystem is constrained to a slider-link and a singular posture can be easily avoided. The proposed method is the
jumping control moving in vertical direction which mimics a cat’s behavior. That is, it is jumping toward wall and
kicking it to get a higher-place. Considering the movement from the point of constraint mechanical system, the robotic
system which realizes the motion changes its configuration according to the position and it has several phases such as; 1)
an one-leg phase, ii) in an air-phase. In other words, the system is under nonholonomic constraint due to the reservation
of its momentum. Especially, in an air-phase, we will use a control method using state transformation and linearization
in order to control the landing posture. Also, an iterative learning control algorithm is applied in order to improve the
robustness of the control. The simulation results for jumping control will illustrate the effectiveness of the proposed
control method.

Key Words : Nonholonomic(¥] & £ 1)), Linearization(%] ¥ 3}), Stochastic dynamic manipulability(ZH&4 54 =
7 &), Iterative learning control( ¥ & 85 A o), LQ optimal control(LQ & & A o)
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2. System Modeling

2.1 System modeling
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Fig. 1 The considered robot system
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Fig. 2 The coordination of robotic system

WA, Fig. 2 ¢4 Foi HF2E 2299 o
di3lslo] A 3 H(generalized coordinate) ¢ © ©F
=3 o] vgd F AUtk

a=lgr gl )

&,

@
3

gr =Ixr yp BF] 91-“2 6F3 9F4 ]T
qg =[xz yr HRI HRZ 9R3 9&, ]T

222 Cy(g) E THEF 2ol EAS oL,



Mz Wik olde -

#342F

g3z 2148 A45

[ +15(Cr +Cr, ) +15Cr,, +ag, +75)Cr,,, |

=X~ (Cp +Cg ) ~Ip Cr ,~(ag, +72,)Ck,,,,

1234
~Yr IR (g +Sk,)~ IR Sk, ~(aR, 72, )R,

I 0171 +9F2 +¢9F3 +6’F4 _‘9& —0R2 ~9R3 —0& +7 |
“)

Cr, =cosbr, Sp =sinbfg

Cr, =cos(0g, +6g,), Sp, =sin(f, +6r)
Cr,,, =c0S(6f, + 6, +6r,),

Sk,

123

CF|234 =COS(91:1 +9F2 +9F3 "}"01:'4 ),

. )
=sin(fp, +6g, +6F,)

Sk =SINOp +05, +6p +6g,)

3l

gl

St

W BEo #AxE YEdE 3 G=E
G2 2L ou2A AL A F23A)
%%, A FE A|&glo] FHrida &
ANxagle] Bdo] BA3A HolRrha szt
E D]"ﬁ““}' 2 FHE AL Sl FAslor
g Roj}.
4-ink 53 "4 4](dynamic equation)®] 7-
link 53 ARt o gdsian, =3
Zhzte] 3o didte 2 WAL o]
£ F AUtk
2. olgg HZ| iz P
(constraint) S QA= A7HE Bt
ol ¢ 83ttt
g7y, oA =eFoAeE AAMY, FA 75
9] Jacobian A2 (Jacobian of body constraint) T
23 o] AHoE oyt

ot =

—

Azge

4 G @)=y} =0 ©6)
G,
4@=5§Q ™

2.2 Variable constraints

o] RN, $YE BEo| v E: W
A2E W 32 T4l RIS AR
o aelz 2w PEE guse

C,(g,mode)=0 & A|=¥ “Fejo] mebry A7)
HolZA)l €&, mode = W&o HELHE
= EA(index)E 9Jvl e}

q& E‘?‘i, @A ko] o] wigh £E W

R?‘?‘;EIOHJU}.

Xp—Xp (const)} ®)

C,(g,mode) =
v(g,mode) [yR—YR(const)

a8z $EE AGd dited e g
Jacobian & AAFE 4 glth,

2C@)=J,(9)g=0 ©)
o,

A@=§§Q (10)

oj¢} Zo], +E7} oJRA mode & BAHE AV}
7t BAZ FAXNA 2 Aelx, wEbA ol @
Aol e &2 ot Fig. 3 ANA BHAA=
X8, T4 2 (constraint force) A, =[4, Ay] 9 o=

SEREELS

=
ar
A

/ / Floor

Fig. 3 Constraint force

Fig. 3 olA E@H oz 74 H(constraint force)
AX A A& 244 79 75YH4 73 759



APz Wi B#g- ©

e AL TEIA A21E M43

¢

S

& guach A waw, A7t ooln 92 B

7t o] g (positive)2k FohH, FEHL A =0
oz go| AEAA @ Rojm HEL 9o W

o2 &Y & e AYL uist} xd vz
o] HE3te] HH & we 24A goly
(switching timing)& HHE & A 4 o F&31A
g zlot,

2.3 Dynamic equation

£ dddA e, ZadHelzl F8 A= o
3t 52 "4 24 (dynamic equation)oll th3le 71&H
ot WA, F&& FAYUE, FHY 4-dink
manipulator €9 §3 WAL tgH F& Ao
2 3853 F itk

M(q)g+Cq,9)9+Gg) =7 an

s

,M My 0 G C. 0
@)= 0 M, (9.9)= e
_|%F
co= {GR} _[TJ

%] X 7+ (position constraint) S 7} < (acceleration
constraint) .2 W E3}7) e, SElE )%
@)y PEFCEAN T F 31 B FEE
%Z]‘S}ﬂ A3t F<=l(constraint force)s YHEFUY
Jia, & JIA, b 2"l A, aga ged
Al dojyE BE FEHES £FIE
F@3ted o] &=zt

>, Jz rr
o rlo

E
29g
M(g)i+Clg.9)q+G(g)=1~J} 4y ~JL A,
Jyi=—Jyq
qu =" .vq.

(12)
(13)
(14

$#19) AE25-H, 7} A (acceleration vector) %
T-4 ¥ (constraint force) A, 9k A, 7+ 724zt AArE
A ot 2¥EE, AE5HE ) 743-E mode
o] ¥zls ddsied olgsod F vk Ho
e Agd WY =L g gExol ¢
& AAen 223 AdE 25 Fo 7427

to

123

olfoll A WEE HlE Zolt. oAL FAY
(impulse force)E 2] AT ZA mode FH 7

+ M F&EE 49 A, diske, 7“11'" 3
w7 2 (whole dynamic equation)2 TH&-3} o] ¥ &

goid 4 gt

M(@)i+Cg.9)g+Glg)=1-J 4,
Jré = .rq.

(15)
(16)

53

£

Jo=ly L a=ln AT

283 FE(collision)d FHE AN2E +&5=24
Jg=022X o3 Zo] Yehjod 4 g

M(@§+0q.9)g+Gq)=1-J} 4, ~JT 4
Jr"j =" rq
Ti=~Jd

(17N
(18)
(19)

gz, & Aund Has)yE o&std o
< UA34E =2 F Ak

A =XIg+J M (c-Cg-G-J[ )}  (20)

iy

’

X=JM'JT

2
T

welA, AanERE e AL 5
=3

A

M§+Cq+G=1-JTx " an
Y,g+J M (c-Cq-G-J] A)y-JT 4

3. Jumping Control Design
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3.2 Jumping control
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3.2.1 Standing with a hind leg
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Fig. 5 Coordinate configurations with one leg system
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3.2.2 In an air
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(a) Without any control
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(b) With control
Fig. 6 Movement of the robot standing with a hind leg
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Table 1 Variable parameters

hg bhp hy hy h, h;

[m’g] | 0.011 | 0.037 | -0.004 | 0.011 | 0.011 | 0.004

0.5 |

o . . .
-0.5 0 05 1 15
(a) Without any control

0.5

-0.5 0 05 1 1.5

(b) With control
Fig. 8 Movement of robot in an air

3.3 Iterative learning control

AA A2Ee] daA, 482 EI Y H(torque
inppu) 28 FoAE A9t Bonz FES 44
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Fig. 9 Iterative learniﬁé control
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Fig. 10 Movement of jumping control in an air
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Table 2 Parameters of the considered robotic system

Link 1 Link 2 Link 3 Link 4
m1=0.15 my =0.15 M3=0195 my =0.32
1,=009 | =012 | 5=009 | I,=0.15
a, =0.045 a, =0.06 a3 =0.045 | a,=0.075

m i} m,l3 myl3 ml}
Nh==5 | Na=5 J3==3 Ja==5
V=002 | ¥,=034 | 73=034 | ¥,=034
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Fig. 13 Jumping control for cat-like robotic system
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& 23k AR 2R A2¥g 29¥ 747
o} H (control law)& 3|31 FA3= RAolvt.

o7y, BEdigdd oste] mE e 3-
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Y (motion planning method )= slider-link ol T4
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