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Short Cycle Pattern Generation for Onlilne Walking Control of Humanoids

Koichi Nishiwaki* and Satoshi Kagami*

This paper presents a humanoid walking control system that generates and updates the motion pattern frequently,

with a cycle time on the order of 20 [ms]. Frequently updating the motion pattern enables a robot to quickly respond

to changes in the commanded walking direction and upper body posture with minimal delay. Our experiments also

show that short cycle times are useful for building a walking system that provides motion status information and

sensor feedback to the motion generation layer in order to maintain consistency of the overall dynamics. Using pre-

view control theory, we generate horizontal torso trajectories that can realize desired ZMP trajectories. Trajectories

for the free leg are generated using a method that allows for changes to the landing position while taking a step, and

adjusting the foot placement to avoid large ZMP errors which may result from sudden changes in the desired motion.

We present an implementation of the proposed method on the full-size humanoid HRP-2 and show experimental

results designed to validate the overall functionality.
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Fig.1 Walking control system with short cycle pattern genera-
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Fig.2 Coordinate system for mass concentrated model
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Design Trajectories of Feet, ZMP, and (b)
Vertical and Rotational Component of Torso

(Calculate Initial CM Position, Velocity, Acceleration) (c)

Generate the Trajectory of Horizontal CM Position (d)
by Applying Preview Control

Generate the Trajectory of Horizontal Torso ©
according to The CM Trajectory

@aloulate the Trajectory of ZMP for the Generated Trajectory) (f)

Calculate the Horizontal CM Modification Value ©@
by Applying Preview Control to the error of ZMP

Modify the Trajectory of Horizontal Torso h)
according to the CM Trajectory Modification Value

CCalculate the Trajectory of ZMP for the Generated Trajectory) (i)

Fig.3 Flow of walking pattern generation
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Fig.4 Making a segment of walking for preparing a reference
trajectory
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Fig.5 Trajectories of the torso and ZMP while walking on the
spot
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Fig. 6 Generated trajectory and executed one after sensor feed-
back
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Fig.7 Limitation of free foot transition
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Fig.8 Trajectories of a free foot
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Table 2 Velocity and acceleration limits for a free foot

T Y yaw
Vel. [ 1.5[m/s] [ 0.50[m/s[ | 3.0[rad/s
Acc. | 15[m/s?] [ 5.0[m/s?] | 30[rad/s?

EE R BAETERTRE SNALEFHOFBMENG,
HEEE, K LR EEETICEETERTHS (3 RMIKTE
BL, (LB, EEOEGELEGL L THELZERLTVWID
T, EHWMEBLAEE L VHAILIE, EfTH O E AR O
BER—DOFIRE LR D). FITLRELXBEBLIEEICIE, &
WA EEEERMOME I —E& (RENEETIZ, 0.0025 [m)]
B L1U°0.025 [rad)) EOVF, BERE, MEEXFHETS. 2
DOBBEHEVBETIEIZED, BERSOBRKEES L OILEE
WEREUT L 2 2#BTEMVEBELELRMT S I L L LA
HRP-2 ~OEZETIRH L7 LR{E% Table 2 277,

7. INT L AMBEOD -0 OB A
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BIREENTDE RSV EDDH S, FITTFREME%ZHWT
AL 7ERHEICB VT ZMP OBE» S DBEENKE VI
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7-HE O ZMP EEF BIEHBANICMZ 2 ke 2 5.
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THIELEL. F00, BREDELH, S HE IMP ¥ %
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