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Practical Education Curriculum Starting from Humanoid Biped Robot
Using Simple Nonlinear Optimal Control
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There is no robot around us in our society at the current stage if we define a robot as an autonomous machine working in the
arena of offices, homes, and disaster sites, etc. outside the factories. Mechatronics, dynamics and robotics involving humans are the
world of strong nonlinearity. The realized movements of humanoid biped robot using simple nonlinear optimal control use only
small active power with simple chaotic limit cycles and showed robustness during walking, running everywhere even on the ice and
snow. This paper showed the application of the simple nonlinear optimal control to various movements making full use of instability
as a source of driving force and developed into practical education curriculum as an introduction with humanoid biped robot to

Robotics having an intellectual and emotional appeal.

Key Waords: Robotics, Practical Education Curriculum, Humanoid biped robot, Robustness, Nonlinear Optimal Control

1. IEOEREEN

DA B LR ICHIf RSN — e AR R Y NI
oRy MY, Fx OFEBICHEEL THRICEIK ek e
ITEMIICE: D) iRy NEERTHRLIE, BE
DOHFRIZE b 6T, FxDEVIZIT1IEOERY M
FELARY., HEETERASTHEEL TV TEM e Ry
ME, vy hEeWwWH L0, BhkZEESEKTHY, —+
BAERID DB E -S> TWAIEFE e Y27 MekduR v b
LHRAEDOEER ETIHEHLVWHERNETELX5ICAZD
1)-()

CRBITr ARy FTIHLE-EAOBEIRETOT— 7
e BEETNVE L THLET HZMP (Zero Moment Point)
HIBIA— A L WO RBEEANH 50, BHOLERTS L9
2, EBEooRy MBI TIZHEBELSBDICWNRNWT &
NEL, BONENE DAERSa A MEDORBA~DIRA I
MEn D@D g« kB 2 HHFTIET S
T8, T RERTA—F LEHEENBERNICEZD 2
LIRS, B ZOASIMODBITNIEL N TH DD
ZMPHIBNICIE S BATIIREL LM ST 0On%,
ASIMOIFZMP I 72 1T 1T A7 L7 W TRATERRRIC L 5 %
SOBRBREEDP L TVDEDLEBWEZEROTHS. %H
HE - SEREIIe Ry FORETHY, HEREITED R,
LRy SR D B s 00D,

—J7, aRy PO ANBBEENERICO W TT—EBOBEL
NDH=nTEY DO gGEa+hiE, eRy FRHRBET
ME—HM T 20HERBEELTOLICR LS.

AT, HOLEARNTAREN 2R Yy FOEREZ AR
(NTE - B9) TR EBREZ o b O, H 5DV ILIES
MEREICIN Z CTHIBIBREZ R A T WD b DL L, REEEF]
AT 5 TN REREREREZ 2R TaRy o
Fexe B ICBB L, TORBICESHNT, [ZREBHTH
LI L FEEr Ry NENY ¥2F 5] ~EEMTS.
aRT 47 AANME [ZEBITaRy M O 5 EEH
&, YATLAELTOHRBPPHELNZHBES AT LA TH
Y, IHAHRENE A ERT AT RAMENERESN, L
b, TORLELPETLEDSICONY, FEOLKE
AR RN BICAZRT VL TH D, BRI
& BRI OB — B FIEICER CX 5N EE S Z

[No.10-1] BAMHMZR20I0EEERRSFERIE )

ENEMTHS.
2. AREENATIREEBICLIEREREFHORE
RET D TNV RIEREEETEIL, REEEFIHT
LIREERICLDZ2LOTHY, HEEEE~DOISE &K
BRI E S8 B AT v X — H — D FERR I 5 3 i) £
DS - B EBEZ 5. M@ Loic, RATHY
TN EBMOEB 2R B % HlI2 L CLLFIZHHA
T3, BEMER25TXEAZBOE~ABIZT AT v 7
WRICBT. 25T HLEEMIET Lo TBOHE T4 @R
LA C— W= 14 5. FoBRiEIc S 2 BA 5 D~BD7Y
JAT v FIRICBEIE, BEMIZIEWMNEFE -, EE
ZRORLANOHETESTS. —Ho) Iy v A 270 (A
FhiE®E) THY, =RAFFIIZRORT v TIROBEHT
H5. BEEOTHIL, M1Ob)D X )2, BEMOEE dx/d
N OBREICIT Y. 72 & 21E, KRICBWT, REERY
HOREE 1 2> S M ORRE ) 2RI L TR E R IREE2 ~E
BT5., XELRLBEESOAHNDRL, BEBONR
<, XAEMDBENESTICHRICERICBEITS. WS
RWTHERE ) 2RI L CERT 5 &, K3 X 51T, BER
KINEALT DR 2 OB OE, BT, EN, H50I3EHN
RWOK ETOHAT - BITHLR AR NTHD @O,
3. AEEELICES{BERTHOEREFEEM) X154
KFEOR Y PREROVERND AX — T 50 N7
N—=FICLBHET Yy NUEREZETE L, HEHKE
VO —2 I LE-EER BT Ry FO¥E T n
7T LR LE. WM EMALTCT, £EETOER
FEREAER LK FEOTE 2> T, R L ERTHE

A KB 9C ¢D X
FA : / -
I/ \\ l // //
// \\\ : //I Dy————=——1 P -
//I \\\ : /I/ 7 7
/ \ i Cp————— P I
II \\ i /I /7
/ \i/ /
v/ B TN
— / Manipulated
M x M A *Controled —_—
(a) (b)

Fig.1 Proposed nonlinear optimal control applied to humanoid
biped robot in this study.
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Fig.2 Robust NANBA right side-step of humanoid biped robot utilizing instability without kick of ground, which uses only small active power. (250 fps)
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Fig.3 Robustness of humanoid biped robot GENBE who walks
and runs everywhere.
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Fig.4 Subsumption architecture in the autonomous robot for
beach flag contest and one of manuals made fot the class.

Fig.5 Scenes of educational curricula and presentation of
autonomous biped robot.
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Fig.6 Scenes of educational curricula and presentation of
autonomous mobole robot.
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