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Open Loop Controlled Force
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Tension Estimation with LR model
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Tension Estimation with LR model
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—— sensored tension
5 —— model 1 : with current value
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Tension Estimation with LR model
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Tension Estimation with LR model

—— sensored tension
5] —— estimated with Load Torque
—— estimated without Load Torque
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Tension estimation
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Tension estimation with ANN
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Tension estimation with ANN
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Abstract

Tension Estimation of
Rehabilitation System using
Chattering Compensated

Sliding Mode Observer and
Neural Network

Hyunjun Lee
Electrical and Computer Engineering
The Graduate School

Seoul National University

Rehabilitation robot systems can provide continuous and repetitive
therapy to patients without the need for direct human supervision,
thereby enhancing treatment efficiency. Among them, soft robots that
utilize wires to mimic gentle movements and enhance wearability are
employed in finger rehabilitation robots, and they perform closed—
loop tension control using load cells. By utilizing an estimation model
that replaces load cells in rehabilitation robots for control, it is
possible to reduce the cost and weight of the system, as well as
expect improved treatment efficiency through simplified equipment
structure.

In this paper, a data—driven tension estimation model that can
replace sensors is proposed. To improve the performance of the
tension estimation model, it is desirable to utilize a load torque that
has a more direct relationship with tension as its input. Therefore,

this paper has the following step—by—step structure.
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First, load torque is estimated to be used as an input for the data—

driven tension estimation model. A sliding mode observer is
employed to estimate load torque more robustly against mechanical
uncertainties of soft robots that utilize wires. A new structure of
observer is proposed to reduce chattering caused by the sliding mode
observer by utilizing feedforward compensation.
Second, the operating characteristics of the rehabilitation robot and
its drive system are analyzed. An artificial hand that mimics the
patient's hand is used to understand the characteristics of the
rehabilitation robot system through repetitive operation. The
characteristics of the system are identified and compared through
modeling—based closed—loop tension control and sensor—based
closed—Iloop control.

Third, a data—driven tension estimation model is proposed, which
utilizes the estimated load torque as its input. The tension estimation
performance is compared based on the structure of linear regression
models, artificial neural network models, and preprocessing methods
for training data acquired through closed—loop tension control. The
optimal estimation model is derived.

The proposed tension estimation model is utilized in closed—loop
tension control of the rehabilitation robot by replacing load cells. The
control performance according to the estimation model is verified

through experiments.

Keywords : rehabilitation robot system, chattering, load torque,
sliding mode observer, artificial neural network, tension estimation
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