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Real-time Gait Pattern Generation and Stabilization

for Humanoid DARwIn-OP Based on Non-linear Oscillators

Olnyong HA, Yusuke TAMURA, Hajime ASAMA(The University of Tokyo) and Jungho Lee(Robotis)

Abstract: To achieve the balanced walking of humanoid, it is necessary to estimate dynamic stability of the system.
However, in a small size humanoid which has restricted system resources, it is hard to satisfy the performance level desired
by dynamic analysis such as on-line ZMP estimation. Therefore, in this paper, we proposed the feasible method of gait
pattern generation and stabilization based on non-linear oscillators and sensory feedback which does not require high
system performance. The suggested method was tested on the open humanoid platform DARwIn-OP for evaluation, and the
result showed that the gait pattem can be generated in 0.008sec with retaining of walking balance.
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Fig. 1. Open humanoid platform DARwIn-OP
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Fig. 2. Non-linear oscillator model
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Fig. 3. Foot and center of mass trajectory

Fig. 4. Target poison of joint angle

37 7 F 2x—FOBIRESFHEEL LTHATS. Figd
AT S EFEEATELRT.

3. ZMP IZ &k S {TREMEREE

ERENTBIT/ I - ORESERIET DD
ik ZMP StRAFEEZFATS. XOQ)FFALT
DARwIn-OP OEMHEFBEUCEHHFEHHRE A VT
ZMP SR X ARPICEET S L HITHITOHE
W ST B IERIRBY 7D /35 A —F ERRE
3 5.

im,.(z - g)x; —i m,xz,
i-1 i-1
imi (z-8)
i-1
zmi(z -8 —Zmiyzi
i=1 i=l

imi(z_g)
i=1

3

Xzsp =

Yazup =

BREHETORTOBHRAERBFONRT A—FIIR
RO TH DEMPBIF /NI — A CHIET AL IICEEL,
2 RBRHFOFMIIBITOT AN X ~BBELRIRT
% 1= %iZ DARwIn-OP DEFIERMKE & T 5L
B L. Figs icRHE N ZMP & O OMEISH T
ZBRELRETY.

(m)
0.16

oosb—5. Lk

. R , o
. . R LR
i Do : F RN
WL, X3 TR SO O S SR BN TP vGte C5 SOUIPIPRE SOy S S )
1 aggp———
X : =, g
< |,

00F ._.,".'
;T‘\ i !
I

Y"1 S P SN Pty

~ ZMP Trajectory ;| | - COP Trajectary -
016}k o Fogrprimt - o i

0.08 0.16 0.24 0.32 x(m}

Fig. 5. ZMP and center of pressure trajectory
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Fig.6. Walking stabilizer with sensory feedback
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Fig. 7. Sensed angle and displacement error
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Table.l. DARwIn-OP general specification
Category Description Data
Di ion Hei.ght 0.455m
! Weight 2.8Ke
Head 2DOF
DOF Arm 2x3 DOF
Leg 2x6 DOF
CPU Intel Atom 2530 @1.6GHz
Main MM 1GB DDR2.
Controller Disk 4GB Flash Disk
Network Ethernet/ WiFi
USB Port 2x USB2.0
CPU ARM 32-bit Cortex-M3
Sub Frequency 72MHz
Controtler Flash Memory 512KB
SRAM 64KB
Holding Torque 24kgf.em @ 12V
Speed 45RPM @ No Load
2;:’ ;;:; Position S.ensor Magnetic Potentiometer
Resolution 0.072°
Command Interface Scrial 4.5MBPS
Gyroscope 3-Axis
Sensor Accelerometer 3-Axis
Pressure-meter 2x4 FSR in Foot
Camera 2MP HD USB
Q/s Linux Ubuntu
Software Framework open-DARwIn SDK
Language C++ / Java
Compiler GCC
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Fig. 8. Sensed ZMP trajectory with default gait pattern
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Fig. 9. Real-time gait pattern generation and stabilization features of DARwIn-OP
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Fig. 9. Sensed ZMP trajectory with transient gait pattern
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