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Stabilizing a Biped Robot by Using a Symmetric Rotor
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We present here some concepts and simulations in which a dynamic walker is stabilized by

using a fast heavy rotor, a gyro. The dynamics of a symmetric, fast rotating gyro is different

from that of a non-rotating solid body, e.g. in the case of small disturbances it tends to

keep the axes the same. This circumstance is used and tested in a passive dynamic walker.

Results show that the rotor enhances the stability of the walking in the simulations.

Key Words: reaction wheel, inertia actuator, gyro actuator, gyro actuator with brakes

1 LIS

HEER Ry FABOROIFENY A F 2 7 A% K
PRI L C RSB T 2 HBT 2 FEMER SN Tw S,
77 Fax—8 =TI TR T 5 ZEHHT (1]
2 oREFITHD, TRALXF—FRDLOARR YA
FI 2L BTG E LTHEHENT» 3
2,3, 4]. ZNFCTREBTICEO B TIE, EEE 2
RIGH T F VNS HIHR L 72 JREE T & 1% DR
EFCEL, UL, ZORETIIE Yy FHifH 0%
EWEIZOWTRRIEEI NS b DD, v—) Ll E 3 —iilfF
D DREMICOVBTIFFHETE S, AL LT 20D
BT 6 SRICHITHFEIT 2 2 LI EERFEE 2o
TWw3,

D& RRERFRT D70, —DDNRTRX—=F
DIEIZ &> T, 2RIGHFTD 6 3 R T L E I 5
AF I I RBZEAIDEBTENIEHTH S, K
7 Cld, B THET 2 RELEEZR DY y( 0%
B 2 28T 2 PEOREZITI. Pr A i AL
RO, Hidks ECffibit s 2 & 3% L RIFRAR A
TH2 7). vRT4 7 AFETIEHERN e Ry ~CTIER
PROHRIZ X - THKE) S 1% Gyrover XG4 TH % [6].
2RBFIZEVLTHY v A v H 225 [8, 9],
23S ORFZE I BIHE T 25 B /7 AT ISR E S T
W DKL, ARFZECIXH B 2 AT IS RLE L 72 Fik
ZRET S,

AKX T EITREHBITE S ¥4 12 flio TLEN
TRAPREICODWTBRRDE, 512, ¥ v A apEii#EE
ZhE, WOET B EIC ko TE y FlliE H oE) b %
ELTEBZLEZRL, YA uEET 7 F 2 —%
ELTHATERZ LB Y I aL—YavHERICEST
G

BBRICY v A4 B X 2LENEIT) 720 DIEED IR
FEICOWTHERT .

2 JrMOZE>RBBHTOREL

YIial—vavEBRIIA-—T VY —ADYLF I
A¥TaLb—4%7475Y— Open Dynamics Engine
(ODE) [10] Tff>7-. JOMIEE 3.0 [deg] & L7z, [
Ry MIEKE ) L L TEROKRE »—EHETHEET 2
Py AuDARERD. vRy FOFHOEEIE M 0.07
[kg], THE 0.012 [kg], B 0.011 [kg], [T 0.565 [kg]
£ L, MEEFDREGHEE L 175 [rad/sec] & L 7. KEBAHi
SRR ICEE I N b L L, Z0DSHIERD %
WIREREIET & U THERE S 5. M4 ICZEIBRfTOS S 2L —
va vEBOKTFERT. HEL 2wy nzffon
Ry bE1, 2HFETLDBITTERDLS7ZDIINL T,
Mg 5 v A nziion Ry b 585 E TOHTHH]
HThH-ot:.

3 EvFHRDDEHOREL

vy FilfE ) o#EEHOLENMD I DIZIE, PrAuD
[FEEFMFEMOEWZ EREE LY, By FiiA Yo
Ry bOEERAEE o T 5L, BEMETIZOD
il =%

6, = — Asin(a) + Ba + Cp(6) (1)

LT3, 22T, 6, B¥ v AuDE—F—IC52 350
REETHS, A B, ClEeRry rOokEE, HE, ¥
BRET 2 ERTH 5.
ZOFMRIZY T2y a vy R A — VR EER R LT
W%, PD HlflE FMkc, v Ry +EEEET-OEMET v
VLSBT H UL, RTINS HIA D ST X — % %k
DHIEMNTES, BTy LIEPDlfITo P,
Bli3A—nN—v2—12MHlT2 D OHEIZHYT 3,
RIRA—=5 C LB () ZEYNCFETE Lic ko
T, MR OMEZE H ZHPANICR O Z LI TE S, p(..)
D BB S DR EMEIARTTE T 5. YRR LE



Pitch Balance Controller

é,,.:férdt

6r = —Asin(a) + Ba + Cp(..)

Attitude sensor

N

rotor

legs

ﬁ;"o_, e.g. PID

current pitch desired pitch

Motorcontroller Rotor

Encoder

Fig.1 Above left: Scheme for the proposed actuator in a biped robot. The rotor is marked bold. The rotor’s axis is

parallel to the hip. Above right: Schematic view from the left side of the robot. The pitch angle is o and the speed of

the rotor 0. The positive values mean both the velocity and the pitch angle have the same direction. Below: Feedback

loop for pitch balancing: The controller uses information about the attitude of the robot and the encoder values from

the rotor as input, giving « as the output (e.g. gyroscope and gravity sensor combination). The parameters A, B, C

have to be adapted to the properties of the robot.
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Fig.2 Motion patterns of walking in the actuated biped
robot. On top: the state of the waling behavior. Middle:
Motion pattern of the left hip. The motion pattern is
not entirely regular. Below: The state of the pitch value
(a). A small oscillation is to see.
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Fig.3 Simulation results for three variant types of
robots: First row shows a non-actuated passive dynamic
biped walker (PDW) that is stabilized with a gyro that
roates with constant speed (open loop control). Second
row shows an actuated biped robot with 3 degrees of
freedom per leg and an acutated gyro (close loop con-
trol). The third row shows the same robot walking using
an open loop control for the legs. Fourth row shows an
robot the only consists of a trunc. This robot can move
just by using the acceleration and deceleration of an in-
ternal reaction wheel.
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