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Abstract

Hand tremor, a prevalent movement disorder, significantly impairs daily activities and
quality of life. This paper investigates a passive vibration absorber system to suppress the
hand tremor. An integrated dynamical model is developed, combining a 5-degree-of-
freedom (DoF) multibody representation of the forearm and hand with a 2-DoF absorber
system. The biomechanical model features three DoFs at the wrist and two at the elbow.

The dynamic analysis employs a two-stage methodology. First, inverse dynamics
calculates the stimulatory joint torques causing tremor, based on predefined oscillatory
trajectories. To address the practical challenge of sensor drift in tremor measurement—a
key limitation when using gyroscopes/accelerometers with Kalman filters—an innovative
method based on Fourier expansion is introduced. This enhances the accuracy of
estimation comparing traditional ones. Subsequently, forward dynamics simulations are
performed with the calculated torques applied to the model integrated with the passive
absorbers (masses connected via spring-damper elements). Simulation results
demonstrate that this system significantly reduces tremor vibrations, particularly in the
flexion/extension axes of the elbow and wrist. The model provides a robust foundation
for optimizing the design of effective, non-invasive wearable devices for tremor
suppression.
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Introduction

Tremor, defined by the International Parkinson and
Movement Disorder Society (IPMDS) as an involuntary,
rhythmic, oscillatory movement of a body part, represents the
most prevalent movement disorder worldwide. These
conditions severely disrupt activities of daily living leading
to social embarrassment, reduced public participation, and a
significant decline in overall quality of life. Tremors are
broadly classified into two categories: resting tremor, which
occurs when a muscle is fully relaxed and supported against
gravity, and action tremor, which manifests during voluntary
muscle contraction. The management of tremor typically
involves a spectrum of interventions, including
pharmacological treatments, invasive surgical procedures
(like deep brain stimulation), and rehabilitation therapies.
Within the realm of rehabilitation, wearable assistive devices
have emerged as a promising non-invasive alternative. These

devices, often orthoses or exoskeletons, are classified as
passive, semi-active, or active based on their actuation
mechanism. While active and semi-active systems offer
adaptability, they remain largely confined to research
prototypes due to their complexity and cost. In contrast,
passive devices, which require no external power source,
offer reliability and simplicity, making them highly suitable
for clinical translation. This study focuses on the
development and computational evaluation of a novel passive
vibration absorber system, inspired by commercial devices
like the Tremelo orthosis, for the effective suppression of
pathological hand tremor.

Methodology

This research presents the development of an integrated high-
fidelity 7-degree-of-freedom (DoF) dynamic model for
analyzing and suppressing pathological hand tremor. The
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model synergistically combines a detailed 5-DoF
biomechanical representation of the upper limb (Fig. 2) with
a 2-DoF passive vibration absorber system (Fig. 3). The
biomechanical component accurately characterizes the
forearm and hand as rigid links, incorporating five specific
degrees of freedom: three at the wrist joint (encompassing
flexion/extension, abduction/adduction, and
supination/pronation) and two at the elbow joint
(flexion/extension and supination/pronation). Essential
viscoelastic properties of the musculoskeletal system are
represented through integrated joint stiffness and damping
parameters. The complementary absorber system employs
tuned vibration absorbers (TVAs), which utilize mass-spring-
damper elements to dissipate tremor energy through
principles of mechanical impedance and energy transfer. The
Lagrange approach is implemented for deriving the equations
of motion [28].

The dynamic investigation employs a rigorous two-stage
computational methodology. Initially, an inverse dynamics
analysis calculates the precise stimulatory joint torques from
predefined oscillatory trajectories that represent pathological
resting tremor (Eq. 39), thereby effectively characterizing the
fundamental input disturbance to the system (Eq. 31).
Addressing a significant practical challenge in tremor
measurement, the study introduces an innovative Fourier
series expansion method to overcome sensor drift limitations
inherent in conventional IMU-based systems using Kalman
filters [33]. This novel approach enhances motion estimation
accuracy by capturing the fundamental physics of tremor (Eq.
38). Subsequently, a forward dynamics simulation applies the
computed pathological torques as excitation inputs to the
fully integrated 7-DoF model (Eq. 36). This final stage
enables a direct and quantitative investigation of the passive
vibration absorber system's suppression performance across
all anatomical degrees of freedom of the forearm-hand model,
establishing a robust framework for evaluating intervention
mechanisms and optimizing therapeutic device parameters.

Results and Discussion

The implemented customized Kalman filter demonstrates
excellent performance in tracking predefined signals (Fig. 5
& Fig. 6), providing a robust state estimation framework that
successfully predicts tremor torque amplitudes across
different degrees of freedom. This filtering approach enables
precise real-time estimation of pathological movements,
significantly enhancing the accuracy of dynamic simulation
inputs. Simulation results confirm the efficacy of the
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proposed passive vibration absorber system, showing
substantial ~tremor amplitude reduction. Particularly
significant suppression is observed in the flexion/extension
axes of both elbow and wrist joints (Fig. 8), which represent
the most commonly affected movements in Parkinsonian
tremor. Here, the considered criteria for evaluating the
reduction of tremorous vibrations is the area under the curve
of the absolute vibration amplitude for each degree of
freedom. With the sample parameters used for simulation and
listed in Appendix [34], more than %80 reduction is reported
in flexion/extension DOFs.

The model facilitates comprehensive parametric analysis of
tuned vibration absorber components, revealing that optimal
tuning to individual tremor frequencies is crucial for
maximizing suppression performance. This tunability
represents a key advantage for clinical application, as tremor
characteristics vary considerably between patients and
neurological conditions. The developed framework provides
a theoretical foundation for virtual prototyping and
optimization of tremor suppression devices, potentially
reducing dependency on costly physical iterations. Future
development priorities identified through this research
include creating lighter, more compliant materials for
enhanced wearability and refining ergonomic designs for
improved user-specific comfort and functionality.

Conclusion

In conclusion, this research successfully develops and
validates a comprehensive multibody dynamic model for
simulating pathological hand tremor and evaluating a passive
suppression system. The two-stage dynamic analysis,
coupled with a novel Fourier-based motion estimation
method, provides a powerful tool for understanding tremor
biomechanics and designing effective interventions. The
results confirm that a properly tuned passive vibration
absorber can significantly mitigate tremorous oscillations.
This model paves the way for the optimized design of next-
generation, non-invasive, wearable orthoses that are
lightweight, cost-effective, and capable of substantially
improving the quality of life for individuals suffering from
debilitating pathological tremors. Future work will focus on
experimental validation of the model and the exploration of
adaptive TVAs that can self-tune to changing tremor
characteristics.
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Figure 1. Tremelo rehabilitation device for patients with
tremors.
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Figure 4. Joint angular velocities at S-DOF model: raw signal and noisy signal with NW = 0.15.
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Figure S. Angular acceleration conducted from angular velocity signals passing anti-drift Kalman filter.
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Figure 6. Angular position conducted from angular velocity signals passing anti-drift Kalman filter.
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Estimated Tremor Torques- Inverse Dynamics
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Figure 7. Tremor torques at elbow and wrist joints conducted by inverse dynamics analysis using estimated

kinematical quantities via Kalman filter.
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Figure 8. Time response of elbow & wrist degrees of freedom before/after vibration absorbers attachment when they

are excited with calculated tremor torques.
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Table 1. Tremor reduction percentage at limb DOFs.
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Table 2. Numerical values of hand tremor simulation’s parameters
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