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3 1: Control poles and observer poles

Control poles Observer poles
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3% 2: Feedback Control gain and Observer gain
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~ === IMU Sensor

=% 6 DoF
// ‘
/
Z - I
: 6-Axis
/ _ =» Force/Torque
y / s 1
£ ¥ Sensor
oS! \N'I -
1% 3: Humanoid Robot DYROS—-JET
3£ 3: Specification of DYROS—JET

Upper

Degree BEEI 20
of Loer
Freed
reedom Body 12 (6 for each leg)
Heiaht Overall 1.63m
g Pelvis 0.72m

Weight 48 kg

Pelvis IMU Sensor (3DM-GX4-25™)
Sensors Two 6-axis force/torque

Ankle Sensor (ATI minig5)
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1% 4: Computation of CoM position in global coordinate
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Disturbance a. Task space b. Joint space
type 1 compliance control compliance control

[, =0.18l,

1% 5: Schematic figure of independent compliance simulation result

30 T T T T T T T T T

Joint space
— — —Task space (proposed)| |

25

. Mean]g49%

10 1

-

manmmnmaa TR T T T Bl P L L S L L R L LN e W S L S T Ly Y

5r Mean 6.35% 1

COM z displacement over y displacement [%]
o

O 1 1 1 1 1 1 1 1 1
6 6.2 6.4 6.6 6.8 7 7.2 7.4 7.6 7.8 8

Time [s]
719 6: Independent compliance simulation result — Ratio of z—axis
displacement to y—axis displacement
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CoM Compliant motion control

’ \ b X
~

_PERN " __PIL » L Pl
. i ;

Joint space compliant motion control

/ / N
'Jlﬁ-

)
N -_I

1.‘- '\

(¢) Simulation snapshot - w/o compliant motion control

Z1¥ 7: Stable balance under impact disturbance simulation snapshot
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3 5: Stable balance under impact disturbance simulation data

A= CoM W9 Orientation
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COM position w.r.t left foot frame [m]

COM position w.r.t global frame [m]

0.1

-0.1

1.2

0.8

0.6

0.4

0.2

-0.2

T ! T T T T
. ' — Task space (proposed)
Collide S e Joint space
with objecté - = =w/o compliance control
Y
12.15cm
E'__:_:__‘__-__‘:_:_:"__—__:_:_:_:_'_:_:__-__—__i_;f,':..::-‘-,.:;....
2.69 cm
5 6 B 9 10 11 12
Time [s]
(a) CoM vy position w.r.t left foot frame
T ! T T T T
. Task space (proposed)
Collide eens JoINE SPACE
with objecté = = =w/0 compliance control
| 1S
i o I
79 §A4X T
" : Ty
ro
/
H /
02m .
bssmsssssnnsnnpnnnnnnnnns ..!. P PP
#8440
5 6 8 9 10 11 12
Time [s]
(b) CoM vy position w.r.t global frame
J &
17 4 .-"tw.-] _.J__r
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. Task space (proposed)

70+ Collide e Joint SpACE ]
=60 with object: - = =w/o compliance control
2060 [ i _
i E !\ .
050t p N
= i P FE
8 : 13
w 40 : ' H
k= NN
=30t ! i
= i ]
& 1
=207 : ’ 4
& 3.5 deg : !

0r g g —— 3 AV T

N A §

4 5 6 7 8 9 10 11 12
Time [s]

(c) Pelvis roll—axis angle w.r.t global frame in compliance control

under disturbance type 2

Z1% 8: Stable balance under impact disturbance simulation graph
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(a)

1% 9: (a) DYROS—-JET,

(b) Joint configuration of DYROS—JET
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¥ 6: Dynamixel PRO(H54—200—S500—R) 2] Datasheet[18]

‘ Unit Value
Dimension mm 54x54x 126
Weight kg 0.855
Nominal Voltage A% 24
No Load Speed RPM 33.1
No Load Current A 1.65
. Speed RPM 29.0
Continuous
. Torque Nm 44.7
Operation
Current A 9.3
Resolution steps/turn 501, 923
Gear Ratio - 501.9:1
Backlash arcmin 3.5
Network
- RS-485
Interface
Operati o
perating C 5 55
Temperature
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Obstacle

F/T Sensor

719 12: Setup for stable balance under impact disturbance

experiment
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CoM Compliant motion control

(a) Experiment snapshot - CoM compliant motion control

Joint space compliant motion control

(b) Experiment snapshot - Joint space compliant motion control

w/o compliant motion control

(c) Experiment snapshot - w/o compliant motion control

713 14: Stable balance under impact disturbance experiment
snapshot
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Initial Distance between Robot and Object (d; ) : 8 cm

Desired Trajectory for Pelvis of Robot (Lg ) : 18 cm
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(¢) Experiment snapshot - w/o compliant motion control

1% 17: Position track blocking disturbance experiment snapshot
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Abstract

Center of Mass Compliance
Control of Humanoid using
Disturbance Observer

Gyeong Jae Park
Department of Intelligence and Information
The Graduate School of Convergence Science and Technology

Seoul National University

As the task environment of robots became closer to human, compliant
motion control methods that can ensure human safety have been
studied. In particular, for the humanoid robot, compliant motion
control must also be able to stably maintain the balance. In addition,
compliant motion control should be able to independently create and
intuitively limit the compliance so that compliant motion control can
be suitable for the task of humanoid. In this paper, a center of mass
(CoM) compliance control algorithm of humanoid robots for
collaborative works is proposed. The proposed algorithm is based on
the state observer and positive feedback of observed disturbance.
With the state observer based on humanoid CoM control performance
model, disturbance in each direction can be observed. The positive
feedback of disturbances to the reference CoM trajectory enables
compliant motion. The main contributions of this algorithm are
achieving compliance independently in each axis and maintaining

balance against external force. Through dynamic simulations and real
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robot experiments of Humanoid robot DYROS—JET, the performance

of the proposed method was demonstrated.

Keywords : Humanoid robot, Disturbance observer, Compliant motion
control
Student Number : 2021-27111
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