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A Wide Bandwidth Haptic Interface Using Manipulator with Two-stage Mechanism
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This article proposes a method of configuring a two-stage mechanism with a wide range of motion and wide
bandwidth control by adding a one-degree-of-freedom actuator with a narrower moving range but wider control
bandwidth to a general-purpose manipulator. Then, the proposed band-separation control system is implemented in a
manipulator with a linear actuator, and its effectiveness is verified by comparing it with conventional methods,
constructing impedance control as an example. As a result, it was confirmed that the proposed method can reduce the
displacement of the second stage compared to the conventional methods, and can achieve an impedance characteristic
of an equivalent mass of 50 g in a wide moving range. Furthermore, as an application of the proposed method, a haptic
interface based on variable impedance control was implemented and its performance was evaluated.
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Table 1 Definitions of variables and parameters

Definition Symbol Value [unit]
Position of first stage X, — [m]
Input to first stage u, — [m]
Position of second stage X, — [m]
Input to second stage U, — [m]
Reference of first stage n — [m]
Reference of second stage r, — [m]
Equivalent mass of first stage M, 5.0 [kg]
Equivalent damping of first stage D, 00[N/(m/s)]
Equivalent stiffness of first stage K, 0.0 [N-m/(rad/s) ]
Mass of first stage M, 1.1x107" [kg]
Damping of first stage D, 3.0[N/(m/s)]
Stiffness of first stage K 0.0 [N-m/(rad/s) ]
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Fig. 1 Simplified model of two-stage system for controller design
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Fig. 2 Block diagram of coordinated-motion control system for two-
stage system using state feedback with integral compensation based
on augmented system
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Fig. 3 Experimental setup consisting of manipulator and linear
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Fig. 4 Schematic diagram of experimental system configuration
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Table 2 Parameters of impedance model

Definition Symbol Value [Unit]
Mass M, 0.05 [kg]
Stiffness K, 10[ N-m/(rad/s) ]
Damping D, 2.83[N/(m/s)]
fr Impedance T
Model r N Second stage at 0.5 ms sampling period
Al 1 1] Ax
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Fig. 5 Block diagram of proposed band-separated coordinated motion
control for two system
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Fig. 6 Frequency response from force applied by human to position
of second stage: This response shows the impedance characteristics
as perceived by human.

No. 22-2 Proceedings of the 2022 JSME Conference on Robotics and Mechatronics, Sapporo, Japan, June 1-4, 2022
2P2-D01(3)



Table 3 Parameter values of variable impedance model
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Fig. 7 Frequency response from reference position » to s
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displacement Ax: The lower the gain, the smaller the displacement

of the second stage Ax is.
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Fig. 8 Frequency response from reference position, r, to position of
first stage x;: This response shows the control performance of the

first stage, i.e. the manipulator.
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Fig. 9 Time responses of position x; and x, with reference r,
displacement Ax and applied force f, during operation under
variable impedance control: The displacement of the second stage
Ax is within 0.01 m of the allowable moving range even while the
position of the stage system is moved beyond 0.1 m.
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