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Abstract— This study presents resonance-based control meth-
ods proposed by the authors for multi-joint robots. The pro-
posed control methods adjust stiffness of mechanical elements
installed in each joint of the robots to minimize actuator
torque while generating desired periodic motions. Some of these
control method adjust not only stiffness but also motion patterns
to reduce further actuator torque. Advantages of proposed
controllers are to work well without using exact parameter
values nor huge numerical calculations. Some stability analyses,
simulations and experiments have verified the effectiveness of
the proposed control methods. The proposed controllers can
be applied to walking/running robots, energy saving industrial
manipulators, and walking support systems.

Index Terms— Resonance, Nonlinear Robot Dynamics, Adap-
tive Control, Stability Analysis

I. SUMMARY

A. Conventional Resonance and Its Limitation

Resonance is one of the fundamental concepts for me-
chanical systems, and utilized traditionally. If we utilize
resonance, we can save energy while generating periodic
motions. For example, pendulum clocks with limited energy
sources are oscillated for long periods of time by using
resonance.

However, conventional resonance has some limitations
because conventional resonance is formulated only for sinu-
soidal motions of linear systems with one degree-of-freedom.

B. Resonance-based Motion Control Method

To overcome these difficulties, we have proposed
resonance-based motion control methods [1], [2], [3], [4], [5]
for non-sinusoidal motions of multi-joint robots as shown in
Fig.1. These control methods can generate periodic motions
of multi-joint robots while adaptively adjusting stiffness of
mechanical elastic elements to minimize actuator torque. If
the desired motions are sinusoidal and dynamics is linear, the
optimization concept of our control methods will be exactly
the same as conventional resonance. Therefore, we could
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Fig. 1. Non-Sinusoidal Motion of Multi-Joint Robot

make clear that the proposed concept can be regarded as
a kind of extension of conventional resonance.

Some of these controllers adjust not only stiffness but also
motion patterns [2], [3], [4]. As a result, passive periodic mo-
tions, which require no actuator torque, could be generated in
the case of multi-joint robots with no friction [2]. As a next
step, we proposed a simultaneous adaptation law of stiffness
and motions to minimize actuator torque while generating
periodic motions [3]. We tried to apply this controller to
walking robots to generate energy saving walking motions
[4].

Advantages of our control methods are to work well
without using precise information of the controlled systems
nor huge numerical calculations. Stability of some of these
control methods are proved mathematically using Lyapunov
functions. Applications of the control methods are assumed
to be human motion support systems [5] as shown inFig.2,
energy saving industrial robots and walking/running robots
as shown inFig.3.
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Fig. 2. Human Motion Support System
Fig. 3. Walking/Running
Robot


