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Design of Velocity-Based Power Assistance Controller Using
Disturbance Observer and its Application to Robot and Wheelchair

Sehoon Oh and Yoichi Hori (The University of Tokyo)

Abstract

In this paper, a controller that amplifies the external force exerted by human is designed.

This controller adopts the disturbance observer, which will make the controller force-sensorless. Direct amplification

of the observed external forces can unstabilize the system. To prevent this, the proposed controller focuses on the

increasement in velocity.

To verify the effectiveness of the proposed method, it is applied to a one-link robot and a wheelchair. For wheelchair

application, some stability analysis and additional feedforward control for slope environment is suggested.
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O 1: Block Diagram of Proposed Control Design
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O 2: Experimental Setup
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—— With Assisting Control
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(a) observed disturbance (including human force)
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(b) velocities of the robot arm (w/ and w/o control)
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(c) velocity tracking

O 3: Experimental Results
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O 1: Parameter Values (normalized to motor voltage)
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0 4: Simulation for Static Force Comparison
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O 5: Controller with Model Uncertainty
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y=P,(1+A)(u+d) (4)
u = a(Pyd —y) (5)
d=(1+A)d+ Au (6)
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) A+ A)(k - 1)
= P,(1+A4) <1+ p-1 +A(1—A(k—1))>d

= Pu(1+4)(1+ f(A)d (7)

gboooobooboboooboobobooboobo
O0000A>OQUOQO0O0ODODOOOD -1<A<O00O
00000000 AQ0U0O0DODOODOODOOOODOOOO
00000000 f(A)DOooUoooouoooooooo
gbogoboobogoboboboobooo Pn:mlj

0000 fA)000ooooooooon
s=—(B,+AQ-A(k-1))/J, (8)

gooooooooooobooobobobobooog RO
000000000000 0000000on (A<0)
oooooobooooooooooobooooooo P,
goooooboobobooboobooboboooboonoo
gobobooooboooboooooboooooobobooo
oboooobooboboobooboboooooboobono
gboobetubOOobOOOOOOObOObOODbDODODnOO

Ind
n

With power assist

wheel speed [rad/s]
N

4
)
T T

o

\——— Estimated

Disturbance

drive torque [N/m]

desire speed Assist refference

/" actual speed

L f L
0 1 2 3

S AW
50338888 cusasx8&
T T T T T T

wheel speed [rad/s]
qssist torque [N/m]

L _ apwbao

1 1 1 1
4 5 6 7 8 9 10
time [sec]

O 6: Unstable System with Power Assisting
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O 7: Simulation Results:A > 0
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O 8: Simulation Results:A =0
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O 9: Simulation Results:A < 0
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00 10: Experimental Results: A = 0
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0 11: Experimental Results: A >0
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O 12: Experimental ResultsO w/o Gravity Compensa-
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