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1 Project Description
1.1 Background and Task Framing

Parkinson’s disease can affect hand function and fine motor control, including the ability
to perform repeated voluntary finger movements. These movements are important in ev-
eryday tasks and are also relevant in neurorehabilitation training. In the clinical literature,
impaired finger tapping is often described through several movement features, including
slowness, reduced movement amplitude, altered rhythm, and sequence effect [1, 2].

The finger-tapping literature is stronger in assessment and symptom description than in
the design of tapping-specific assistive mechanisms. For this reason, finger tapping is
used in this thesis mainly as a rehabilitation-relevant and measurement-rich movement
task. The thesis does not aim to develop a full clinical assessment tool or clinical inter-
vention device.

From an engineering perspective, soft actuation is attractive for finger assistance because
it can provide compliance and safer physical interaction. Variable stiffness may also affect
controllability and the balance between support and mechanical constraint. Therefore,
this thesis focuses on a simplified finger-actuator system that can be studied through
reduced-order modeling, simulation, and bench-top validation.

1.2 Prior Work and Thesis Positioning

The literature relevant to this thesis can be grouped into three main areas: Parkinson-
related finger-movement assessment, finger and hand rehabilitation devices, and model-
ing or validation methods for simplified actuator-finger systems.

First, Parkinson-related finger-tapping studies provide a useful basis for task definition
and measurement. They describe features such as slowness, reduced amplitude, al-
tered rhythm, and sequence effect, and show that these features can be interpreted in
more detail than through a single score [1, 2, 3, 4]. These studies are useful for defining
rehabilitation-relevant finger motion, but they do not directly solve the design problem of
an assistive finger-tapping device.

Second, finger and hand device studies show that simplified, task-specific exoskeletons
can be designed around measurable biomechanical interaction variables. Important ex-
amples include kinematic compatibility, controlled joint interaction, joint angle measure-
ment, and transferred torque [5, 6]. Other studies show that movement assistance and
suppression of unwanted oscillatory motion, such as tremors, can be considered together
[7]. However, these mechanical devices do not directly address Parkinson-related repet-
itive finger tapping.

Third, modeling-oriented studies support the use of simplified but experimentally defensi-
ble methods. Reduced-order and quasi-static models can predict useful aspects of finger
behavior without requiring full finite-element models [8]. In addition, exoskeleton studies
show that bench-top metrics such as range of motion, joint angle estimation, and torque
behavior can provide useful evidence for device evaluation at a simplified system level [5,
6].

Taken together, these studies motivate a simplified finger-focused framework that con-
nects rehabilitation-relevant task framing, reduced-order actuator-finger modeling, and
bench-top experimental validation. This is the position of the present thesis.
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1.3 Problem Statement and Research Questions
Parkinson-related finger impairment is commonly examined using the finger-tapping test.
This task can reflect slowness, reduced amplitude, altered rhythm, and sequence effect,
rather than only a single speed deficit [1, 2, 3].

Recent literature provides increasingly detailed ways to quantify these motor features.
However, most of the direct finger-tapping literature focuses on assessment and symp-
tom effects rather than on tapping-specific assistive mechanism design [3, 4]. This cre-
ates a gap between Parkinson-relevant task definition and the engineering of simplified,
experimentally defensible finger-actuation systems [6, 5, 8].

This thesis investigates how a reduced-order soft variable-stiffness finger-actuation sys-
tem can be modeled, simulated, and bench-top validated to study controllability and biome-
chanical interaction in repetitive finger motion. The main research question is:

How can a simplified variable-stiffness finger actuator be modeled and vali-
dated to study controllable repetitive finger motion?

The following sub-questions help refine the problem:

* Which model parameters strongly affect controllability and actuator-finger interac-
tion?

* Which bench-top validation variables are sufficient to connect actuator behavior
to Parkinson-relevant movement concerns such as slowness, amplitude reduction,
and movement irregularity?

1.4 Research Goals and Methods

The goal of this thesis is to determine whether a simplified soft variable-stiffness finger-
actuation system can be modeled and bench-top validated in a way that is meaningful for
rehabilitation-relevant repetitive finger motion. The work also aims to provide engineering
insight beyond the current assessment-focused finger-tapping literature.

To achieve this, the thesis will develop a reduced-order actuator-finger model and imple-
ment it in a simulation environment, likely using Python. The simulation will be used to
study key parameters affecting controllability and biomechanical interaction. The results
will then guide the development of a physical mock-up for bench-top validation.

The experimental comparison will focus on measurable variables such as force, torque,
range of motion, controllability, repeatability, and robustness. These variables will be con-
sidered in relation to Parkinson-relevant movement features such as slowness, amplitude
reduction, altered rhythm, and sequence effect. The prototype is intended as a simplified
research platform, not as a finished rehabilitation device.

1.5 Practical Considerations and Scope

This thesis is limited to a simplified finger-actuation system developed within the time
frame of a Master’s project. The work will follow a simulation-first approach. A reduced-
order biomechanical model of finger actuation and interaction will be developed first, fol-
lowed by a physical mock-up for bench-top validation.

A full glove, multi-finger platform, or clinical rehabilitation protocol is outside the scope
of this thesis. The thesis does not aim to demonstrate therapeutic efficacy, neuroplastic
changes, or clinical outcome improvement. Instead, it focuses on controllability, biome-
chanical interaction, and experimentally defensible engineering validation.
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The simulation and experimental work will focus on measurable variables such as range
of motion, force, torque, repeatability, controllability, and robustness. This is consistent
with simplified device-validation precedents in the literature [6, 8].

1.6

Learning Objectives

The learning objectives of this thesis are to:

review literature on variable-stiffness mechanisms, biomechanical finger modeling,
soft actuation, Parkinson-related finger motion, and hand rehabilitation devices;

define functional and experimental requirements for a variable-stiffness single-finger
actuation system;

develop a simplified biomechanical model of a finger-actuator system and analyze
it in simulation;

design and implement a mock-up finger-actuator prototype for experimental valida-
tion;

characterize and evaluate the prototype through simulation and bench-top experi-
ments;

analyze the system and identify directions for future neurorehabilitation research.
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2 Project Plan

2.1 Deliverables

Table 2.1: Project deliverables.

# Title Description Type Target
D1 Project Plan Final version of the project Report W5
proposal and plan.
D2 Reduced-Order Model Initial reduced-order finger Modeling W10
Baseline model and simulation
framework.
D3 Prototype v1 and First working mock-up and Prototype w15
Bench-top Setup initial validation setup.
D4 Experimental Compar- Initial comparison between Study w19
ison Results simulation and bench-top

measurements, including data
processing and analysis.

D5 Final Thesis Final written thesis report for Report w21
submission.

2.2 Milestones

Table 2.2: Project milestones.

# Title Description Target
M1  Project scope locked Project description, scope, and initial plan W5
agreed upon.

M2 Baseline simulation opera- Reduced-order finger model W10
tional implemented and running in simulation.
M3 Validation strategy final- Validation variables and experimental W12
ized approach defined.
M4  Prototype concept frozen ~ Mock-up concept selected for W12
implementation.
M5 Bench-top system opera- Prototype, instrumentation, and initial W16
tional setup assembled and functional.
M6 First comparisons com- Initial comparison between simulation w19
pleted and experimental measurements
completed.
F  Thesis hand-in Final thesis submitted. W22
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2.3 Gantt Chart

MSc Thesis Project

Project Definition P 1
Literature review %
Proposal framing
Scope + questions

Plan hand-in o
Model requirements | ——

Modeling + Method F 1

Model v1
Simulation setup
Concept screening

Sensitivity analysis I
Validation plan I
Model revision I

Prototype + Setup F 1
Setup design
Parts + fabrication :
Prototype build
Instrumentation
Integration + debug
Rebuild buffer

Experiments + Analysis e ——
Pilot tests :
Model vs experiment :
Data processing
Repeat tests
Final analysis

Documentation F 1
Write background L
Write methods
Write implementation
Write results
Draft to supervisor
Revision
Final edit
Thesis submission

”i

Figure 2.1: Gantt chart for the planned thesis activities and milestones.
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2.4 Activities

Table 2.3: Project activities and work packages.

# Title Description Phase
1 Literature review Review literature on Preliminary framing
Parkinson-related finger motion,
soft actuation, variable stiffness,
finger biomechanics, and
rehabilitation devices.
2 Problem formulation  Refine research questions, scope, Preliminary framing
validation variables, and
requirements.
3 Reduced-order mod- Formulate and simulate a Modeling
eling simplified finger-actuator model.
4  Parameter analysis Study how key model parameters Modeling
affect system behavior.
5 Mechanism concept Select a variable-stiffness mock-up Mock-up
selection concept.
6 Prototype implemen- Build the finger mock-up and Mock-up
tation validation setup.
7 Experimental valida- Perform bench-top measurements  Experiments
tion and compare them with simulation
outputs.
8 Result analysis Analyze the model, mock-up, and Experiments
experimental comparison.
9 Thesis writing Write and revise thesis chapters Thesis writing
throughout the project.
10 Final editing and sub- Complete final proofreading, Thesis writing

mission

formatting, and submission.
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2.5 Risk Analysis

The main risks of the project are summarized in Table 2.4. Risk levels are indicated on
a scale from 1 to 5, where 1 represents low risk and 5 represents high risk of delay or
reduced technical outcome.

Table 2.4: Risk analysis.

# Title Risk Mitigation Level
R1 Late concept se- Too much time may be  Select one baseline 4
lection spent comparing concept early and treat

actuator concepts or alternatives as
model variants. secondary.
R2 Weak validation The bench-top setup Define validation 4
setup may not support a clear metrics early and
comparison with the design the setup
model. around them.
R3 Parameter uncer- Some model Keep the model 3
tainty parameters may be low-order and focus
difficult to estimate calibration on the most
reliably. influential parameters.
R4 Limited benefit of The study may show Frame the thesis as a 3
variable stiffness  only a small advantage = comparative
of variable stiffness. investigation rather than

as a proof that variable
stiffness is always
better.
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