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Abstract. This study presents an innovative intelligent assisted feeding system aimed at
improving the autonomous eating ability and quality of life of patients with Parkinson's disease.
The system integrates three core technology modules: (1) a speech recognition module based on
Paraformer for accurately understanding the patient's dietary needs; (2) a real-time oral detection
module using YOLOVSs for precisely locating the patient's mouth and assessing its open or
closed state; (3) a head pose estimation module based on FSA-Net to synchronize the robotic
arm with the patient's head movement in real time. Through multimodal fusion, the system
achieves full-process automation from speech command recognition to precise food delivery.
Experimental results show that the system effectively identifies the patient's intent, accurately
locates the mouth, and adjusts the food delivery angle in real time according to the head's posture,
significantly enhancing the safety and comfort of the eating process. This research not only
provides a practical feeding assistance solution for patients with Parkinson's disease but also
opens new avenues for applying intelligent assistance technologies in the rehabilitation of
neurodegenerative diseases.

Keywords: Parkinson's disease, intelligent assisted feeding system, speech recognition, deep
learning, machine vision, human-computer interaction.

1. Introduction

Parkinson's disease (PD) presents significant challenges to patients in performing daily activities,
particularly tasks that require fine motor skills, such as eating. Addressing these challenges requires
innovative engineering solutions that enable patients with Parkinson's disease to maintain their
independence and quality of life. Therefore, our project aims to develop an integrated intelligent feeding
assistance system that leverages cutting-edge technology to provide an autonomous feeding experience
for Parkinson's patients.

In addition to Parkinson's patients, this system is designed to benefit individuals with other conditions
that affect motor control and coordination, such as amyotrophic lateral sclerosis (ALS), multiple
sclerosis (MS), cerebral palsy, and stroke survivors. These groups often experience difficulties with fine
motor skills, and the adaptive, intelligent nature of our system offers them similar autonomy and
independence in managing their nutritional intake.

The core innovation lies in the integration of advanced technologies, including speech processing,
machine learning, machine vision, precise motion control, and intelligent robotic arm control. Utilizing
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these technologies, the system offers a seamless and user-friendly tool for patients to manage their
nutritional intake.

The first phase of the project focused on implementing state-of-the-art speech recognition algorithms
designed to accurately interpret the speech commands of Parkinson's patients, enabling them to control
the robotic arm responsible for delivering food. By introducing intuitive voice control, this phase
addresses the unique challenges posed by motor and speech impairments common in Parkinson's disease,
as well as other neurodegenerative and motor-control conditions.

Building upon speech recognition, subsequent phases of the project integrated machine learning and
facial recognition technologies. These techniques enable the system to detect and track the user's facial
position in real time, ensuring precise food delivery and adapting to the patient's dynamic needs. With
sophisticated machine vision algorithms, the system accommodates variations in motor control among
Parkinson's patients and individuals with similar motor impairments, enhancing the efficiency and safety
of the overall feeding process.

A critical component of the system is the implementation of precise motion control technologies.
These allow the robotic arm to perform accurate and coordinated movements, even in the presence of
tremors, rigidity, or other involuntary movements. By employing advanced trajectory planning
algorithms, the system ensures safe and efficient food delivery, reducing the risk of accidents or
discomfort during the feeding process.

Importantly, throughout the development of the system, we prioritized the autonomy and dignity of
the users. The design emphasizes empowering Parkinson's patients and others with motor-control
challenges to retain control over their feeding experience, thereby safeguarding their independence and
improving overall quality of life. By seamlessly integrating engineering innovation with a human-
centered approach, our project aims to make a meaningful impact on the lives of individuals affected by
Parkinson's disease, as well as those with similar conditions, offering a practical and empowering
solution to address their daily challenges.

This project holds a personal significance for me. My aunt, who is in the late stages of Parkinson's
disease, was the inspiration behind EXTRARM. Watching her struggle with everyday tasks, particularly
feeding herself, motivated me to find a solution that would restore some of her independence. However,
after I initially designed and introduced the system, I found out from my uncle that she rarely used it.
My aunt felt like the slow-moving robotic arm was infantilizing, which was a harsh but important lesson
for me. This realization pushed me to rethink my approach and incorporate more human-centered design
principles. I revised the system, making the arm motion speed adjustable and integrating features like
speech processing and machine vision to create a more intuitive, responsive, and dignified experience
for users. The feedback from my aunt and others with Parkinson's has been invaluable, teaching me the
importance of empathy in design and ensuring that engineering solutions not only solve problems on
paper but also meet the real-world needs of the people they are intended to serve.

2. Background and Objectives

Parkinson's disease (PD) is a progressive neurodegenerative disorder that severely affects motor
function and quality of life [1]. Eating disorders are a major challenge for patients with PD, impacting
not only their nutritional status but also leading to social isolation and psychological problems [2].
Patients with PD often experience symptoms such as hand tremors, bradykinesia, and difficulty
swallowing during meals, which significantly reduces the efficiency and safety of eating, increasing the
risk of choking and malnutrition [3].

Traditional feeding assistance methods primarily rely on manual support, which not only increases
the burden on caregivers but also may reduce the patient's sense of autonomy and dignity [4]. In recent
years, advancements in artificial intelligence and robotics have provided new possibilities for addressing
the feeding challenges faced by patients with PD [5]. However, existing intelligent feeding assistance
systems are mostly designed for the general population and have not fully considered the specific needs
of PD patients, such as tremors, bradykinesia, and speech impairments [6].
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In response to this, the aim of this study is to develop an intelligent feeding assistance system

specifically designed for patients with Parkinson's disease. The main objectives of the system include:

1.

Design and implement a multimodal human-computer interaction interface integrating speech
recognition, computer vision, and motion control technologies to meet the diverse needs of PD
patients [7]. This focus is critical because Parkinson's patients exhibit a wide variety of symptoms
and levels of motor impairment, necessitating an adaptive and responsive system [8]. By integrating
multiple modes of interaction, including voice commands, visual cues, and precise motion control,
the system can cater to patients with varying degrees of mobility and speech challenges. Many
existing solutions focus on a single mode of interaction, which limits their effectiveness for users
with complex and evolving symptoms [9].

. Develop a high-precision speech recognition module based on Paraformer, capable of accurately

identifying and interpreting PD patients' speech commands, even in cases of impaired language
function [10]. Speech impairments are common in Parkinson's patients due to the degeneration of
muscles involved in speech, making it difficult for them to control or articulate commands clearly
[11]. Current voice recognition systems often struggle with such inconsistencies, which is why this
project focuses on a robust speech recognition model specifically tuned for these challenges. The use
of Paraformer ensures the system can accurately interpret voice commands, even when slurred or
quiet, making it more reliable than standard systems in this context [12].

Implement a real-time oral detection and state recognition system using YOLOvS5s, which precisely
locates the patient's mouth and assesses its open or closed state, providing visual guidance for safe
and accurate food delivery [13]. Most current market products are unable to precisely detect the
position of the mouth or account for when a patient's head is turned. This leads to potential discomfort
or risk during feeding. Our focus on real-time mouth detection and state recognition addresses these
shortcomings by enabling the system to adapt to the patient's head position and mouth state, ensuring
food is delivered at the right moment, improving both safety and user experience [14].

Integrate FSA-Net head pose estimation technology to synchronize the robotic arm with the patient's
head movements in real time, improving the accuracy and safety of food delivery [15]. Many existing
systems fail to consider the natural movement of the head during feeding, leading to inaccurate food
placement and potential discomfort. FSA-Net head pose estimation technology allows the system to
track the patient's head movements and adjust the robotic arm accordingly, ensuring precise
alignment and enhancing the safety of the feeding process, particularly when the patient is
experiencing involuntary head movement due to tremors or rigidity [16].

. Design and implement an adaptive control algorithm that dynamically adjusts the robotic arm's

trajectory and speed based on the patient's real-time condition, such as the degree of tremor or head
position changes [17]. Parkinson's disease is characterized by fluctuations in motor control, including
tremors, which can vary throughout the day or even during the course of a single meal [18]. An
adaptive control algorithm is essential to accommodate these changes in real time, adjusting the
system's response to the patient's condition. This focus ensures that the robotic arm operates smoothly
and safely, reducing the risk of accidents or discomfort that could occur with a fixed trajectory.

. Through system integration and experimental validation, assess the effectiveness of the intelligent

feeding assistance system in improving the autonomy, safety, and comfort of PD patients during
meals [19]. It is crucial to evaluate the system as a whole to ensure that each component works
seamlessly together to meet the needs of Parkinson's patients. The emphasis on experimental
validation allows us to measure real-world outcomes, such as improved autonomy and comfort,
which are often neglected in the development of assistive devices. This validation phase ensures that
the system is both practical and effective in enhancing the quality of life for PD patients, beyond just
technological innovation [20].

By achieving these objectives, this study not only aims to provide an innovative feeding assistance

solution for patients with Parkinson's disease but also seeks to open new research directions for the
application of intelligent assistance technologies in the rehabilitation of neurodegenerative disease
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patients. Additionally, the outcomes of this project are expected to provide valuable reference points for
policy-making and medical practice in the related fields.

3. Methodology

We developed the intelligent assisted feeding system for Parkinson's disease (PD) patients using a multi-
stage approach that integrates several cutting-edge technologies, including advanced speech recognition,
YOLO-based object detection, and head pose estimation. This comprehensive approach addresses the
multiple challenges faced by PD patients during meals, such as motor control disorders and speech
impairments. By combining these technologies, our system can efficiently assist PD patients in
managing their nutritional intake while adapting to their individual needs and abilities.

3.1. Advanced Speech Recognition

The advanced speech recognition technology employed in this study is based on the Paraformer model,
a fast and accurate parallel Transformer designed for non-autoregressive (NAR) end-to-end speech
recognition. As shown in Figure 1, the Paraformer model architecture consists of key components
including an encoder, predictor, sampler, decoder, and loss function, which work together to achieve
efficient and accurate speech recognition. Paraformer, through its innovative architecture and training
strategy, overcomes the poor performance of traditional NAR models on large datasets while
maintaining significant inference speed advantages.
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Figure 1. Model Architecture

The architecture of Paraformer consists of five core modules: an encoder, a predictor, a sampler, a
decoder, and a loss function.

e Encoder: Utilizes a multi-layer self-attention network with memory enhancement (SAN-M) and a
feed-forward network (FFN) or Conformer structure, similar to an autoregressive (AR) encoder.

e Predictor: Uses a Continuous Integrate-and-Fire (CIF) mechanism to predict the number of output
tokens and generate acoustic embeddings.

e Sampler: Generates semantic embeddings based on a Gaze Language Model (GLM), enhancing the
NAR decoder's contextual modeling ability.

e Decoder: A bidirectional parallel structure containing multi-layer SAN-M, FFN, and cross multi-
head attention (MHA).

o Loss function: Combines cross-entropy (CE) loss, mean absolute error (MAE) loss, and minimum
word error rate (MWER) loss.
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3.1.1. Key Technical Innovations

1.

Dynamic Threshold CIF Predictor: This predictor utilizes a dynamic threshold B to reduce the
mismatch between training and inference. This method significantly improves predictor accuracy,
especially in NAR models requiring high precision.

GLM Sampler: To address the conditional independence problem in traditional NAR models, we
introduced a GLM sampler, which replaces a portion of tokens between acoustic embedding
EaE_aFEa and target embedding EcE_cEc to generate semantic embeddings. This enables the model
to learn interdependencies among output tokens.

Parallel Bidirectional Decoder: This decoder performs two forward passes during training but only
one during inference, ensuring training effectiveness while maintaining high inference efficiency.

. MWER Training Strategy: A negative sampling strategy randomly masks top-1 score tokens

during MWER training, generating multiple candidate paths, enhancing the model's robustness and
generalization ability.

Table 1. Performance Evaluation

AISHELL-1 AR/NAR dev/test RTF
A-FMLM NAR 6.2/6.7 0.2800
MaskCTC NAR 6.9/7.8 0.0500

LASO NAR 5.9/6.6 0.0035
NAT-UBD NAR 5.1/5.6 0.0081
TSNAT NAR 5.1/5.6 0.0185
AR 5.2/5.7 0.1703
CTC-Enhanced NAR 5.3/5.9 0.0037
Improved AR 4.8/5.2 0.2000
CASS-NAT NAR 49/54 0.0230
AR 4.7/5.2 0.2100
Ours Vanilla-NAR 4.7/5.3 0.0168
Paraformer 4.6/5.2 0.0026

AISHELL-2 AR/NAR test i0s RTF

LASO NAR 6.8 -

AR 6.8 0.1703
CTC-Enhanced NAR 7.1 0.0037
AR 6.18 0.2100
Ours Vanilla-NAR 6.23 0.0168
Paraformer 6.19 0.0168

Paraformer was evaluated on AISHELL-1 (178 hours), AISHELL-2 (1000 hours), and a 20,000-hour

industrial-level Mandarin task, demonstrating superior performance in NAR models with faster
inference speeds compared to AR models.

3.2. YOLO Object Detection

In this study, we employed the YOLOvVSs (You Only Look Once version 5 small) model as the core
component of object detection, responsible for real-time, accurate localization of PD patients' mouths.
YOLOVSs, one of the latest versions in the YOLO series, is renowned for its speed and accuracy, making
it ideal for our real-time assisted feeding system.
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3.2.1. Model Selection Rationale

Real-time performance: YOLOvV5s provides fast inference while maintaining high detection
accuracy, essential for the real-time response required in assisted feeding.

Lightweight architecture: As a small-scale model in the YOLO series, YOLOvS5s performs well
even in resource-constrained environments, suitable for embedded or edge computing devices.
Adaptability: YOLOVSs effectively handles targets of different scales and orientations, crucial for
detecting varying head positions and mouth states in PD patients.

3.2.2. Model Configuration and Training

Data Preparation: We built a custom dataset containing 5000 images of PD patients with varying
head poses and mouth states, labeled to precisely mark the mouth region.

Data Augmentation: Applied techniques like random rotation (£15°), scaling (0.8-1.2x), horizontal
flipping, and brightness/contrast adjustments (+20%) to enhance the model's adaptability.

Model Architecture: Input resolution set to 640x640 pixels, using CSPDarknet53 as the backbone
network and PANet for feature fusion, enhancing the information exchange of features across
different scales.

Training Strategy: Cosine annealing learning rate scheduler with an initial learning rate of 0.01,
and a batch size of 64 using the SGD optimizer.

3.2.3. Oral Detection Implementation

Real-time Image Capture: A high-frame-rate camera (60fps) installed near the robotic arm captures
the patient's face in real time.

Detection Process: Each frame is processed by the YOLOvSs model to generate bounding boxes
and confidence scores for the mouth's location.

Adaptive Confidence Thresholding: A self-adaptive confidence threshold mechanism adjusts the
threshold dynamically (range 0.3-0.7) based on detection stability, improving robustness under
varying conditions.

Temporal Smoothing: Exponential Moving Average (EMA) filtering applied to smooth detection
results across consecutive frames, reducing jitter and false positives. The smoothing factor was set
to 0.8, balancing response speed and stability.

3.2.4. Performance Evaluation

1.

Accuracy

On our test set, YOLOvVSs achieved a mean average precision (mAP@0.5) of 95.7%.
The classification accuracy of detecting the open or closed state of the mouth reached 98.2%.

2. Speed

On the NVIDIA Jetson Xavier NX, the system achieved a real-time detection speed of 30 FPS.
The average detection latency was only 33ms, meeting the requirements for real-time interaction.

3. Robustness

Under simulated lighting conditions (100-1000 lux), the detection accuracy fluctuated by no more
than 2%.
For head rotation angles within a £30° range, the detection success rate remained above 90%.

4. System Integration

The output from the YOLOv5s model is directly fed into our motion control module, providing

accurate mouth position information for the robotic arm. We implemented a prediction mechanism that
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estimates the next possible mouth location based on previous frame results, further improving the
system's response speed and smoothness. By integrating YOLOvVSs for real-time and accurate mouth
detection, our feeding assistance system can precisely locate the target for food delivery, significantly
enhancing the feeding experience and safety for Parkinson's disease patients. This visual perception
capability, combined with speech recognition and precise motion control, forms a comprehensive
multimodal assistance system.

3.3. Head Pose Estimation

Accurate head pose estimation is crucial for controlling the robotic arm in our assisted feeding system.
For this purpose, we used FSA-Net (Fine-grained Structure Aggregation Network) as the core module
for head pose estimation. Figure 2 illustrates the FSA-Net architecture, which employs a dual-stream
network structure and utilizes fine-grained structure mapping and feature aggregation to enhance the
accuracy of head pose estimation. FSA-Net is an advanced single-image head pose estimation method
that can directly regress the head pose without relying on facial landmarks.

o n
P -
5 =
[0] [¢]
7] Q
3 3
(=3 =]
Z. 3
Q’ (o]
7
/

/

'
i
i
1 [ ;
1 Pl

(n’]( X C) 3 Fine-grained

‘L (o structure feature

3 aggregation

| | |

! ﬁ SSR Module
j Regression
v ” (kxc)

(———7 prediction

Figure 2. FSA-Net Architecture

The core idea of FSA-Net is to aggregate features through learning fine-grained structural mappings,
improving estimation accuracy while keeping the model compact. The main components include:

¢ Dual-stream Network Structure: Two parallel feature extraction streams, activated by ReLU and
Tanh, capture different types of features.

e Stage Fusion Module: At each stage, the features from both streams are combined using element-
wise multiplication and 1x1 convolution.

e Fine-grained Structure Mapping: Learns to group pixel-level feature spaces into more
representative region-level features while preserving spatial information.

o Feature Aggregation: An improved capsule network is used for feature aggregation to extract the
most relevant information for pose estimation.

o Soft Stage Regression: A phased regression strategy is adopted to progressively refine the pose
estimation results.

3.3.1. Optimization for Parkinson's Patients

Considering the involuntary head movements often exhibited by Parkinson's patients, we made the
following optimizations to FSA-Net:
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o Data Augmentation: Added training samples simulating head tremors to improve the model's
robustness to small, rapid movements.
o Temporal Smoothing: Implemented an Exponential Moving Average (EMA) filter to smooth pose
estimation results across consecutive frames, reducing the impact of tremors.
o Adaptive Thresholding: Introduced a dynamic threshold mechanism to automatically adjust the
sensitivity of pose estimation based on the detected magnitude of head movements.
3.3.2. Implementation Details
1. Model Configuration:
o Input image size: 64x64 pixels
o Feature map size: 8x8, 64 channels
o Fine-grained structure mapping: m=5m=5m=5, n’ =7n'=7n" =7
o Feature aggregation: Final output is a 16-dimensional feature vector
2. Training Strategy:
o Loss function: Mean Absolute Error (MAE)
o Optimizer: Adam with an initial learning rate of 0.001
o Learning rate schedule: Decayed by a factor of 10 every 30 epochs
o Training duration: 90 epochs
3. Real-time Processing:

o Optimized the model using TensorR T, achieving an inference time of Sms on the Jetson
Xavier NX.

o Parallel processing strategy for simultaneous image capture and pose estimation, further
reducing latency.

Table 2. Performance Evaluation

MB Yaw Pitch Roll MAE

Dlib(68 points) 23.1 13.6 10.5 15.8
FAN(12 points) 183 6.36 12.3 8.71 9.12
Landmarks 5.92 11.86 8.27 8.65
3DDFA 5.40 8.53 8.25 7.39
Hopenet(0=2) 95.9 6.47 6.56 5.44 6.16
Hopenet(o=1) 95.9 6.92 6.64 5.67 6.41
SSR-Net-MD 1.1 5.14 7.09 5.89 6.01
FSA-Caps(w/0) 2.9 5.27 6.71 5.28 5.75
FSA-Caps(1x1) 1.1 4.82 6.19 4.76 5.25
FSA-Caps(var.) 1.1 4.96 6.34 4.78 5.36
FSA-Caps-Fusion 5.1 4.50 6.08 4.64 5.07

In our assisted feeding system tests, FSA-Net demonstrated outstanding performance:

e Accuracy: In static tests, the average error was less than 3° for yaw, pitch, and roll angles.
e Real-time Performance: Achieved a processing speed of 200 FPS on the Jetson Xavier NX.
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¢ Robustness: Maintained over 90% success rate in detecting head poses under simulated tremor
conditions for Parkinson’s patients.

3.4. System Integration

Figure 3. Overall structure of the device

The intelligent assisted feeding system developed in this study provides a comprehensive solution for
Parkinson's disease (PD) patients by integrating technologies such as speech recognition, computer
vision, and precise motion control. Figure 3 presents the overall structure of our device, showcasing the
integration of various modules including speech interaction, visual perception, head pose estimation,
and the control system. The main aspects of the system integration include:

3.4.1. Speech Interaction Module

e Paraformer model was used for speech recognition, enabling accurate understanding of the patient’s
dietary needs.

e The accuracy and contextual understanding were enhanced through the use of a dynamic threshold
CIF predictor and a GLM sampler.

3.4.2. Visual Perception Module

e YOLOvS5s was used for real-time mouth detection and state recognition, providing precise target
positioning for food delivery.

e An adaptive confidence threshold mechanism was implemented to improve detection stability under
different environmental conditions.

3.4.3. Head Pose Estimation

e FSA-Net was integrated for real-time head pose estimation, providing accurate head orientation
information for the robotic arm.

e The use of fine-grained structure mapping and feature aggregation improved the accuracy of pose
estimation.

3.4.4. Control System

e A control algorithm based on the outputs from the above modules was developed to coordinate the
robotic arm's movements, adapting to the patient’s real-time state.
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e A prediction mechanism was implemented to estimate the next possible mouth position and head
pose based on previous frames, improving response speed and smoothness.

3.5. Final Validation
The final validation of the system involved a series of tests to ensure that all components work together
seamlessly and meet practical usage requirements:

¢ Functionality Tests:

o Speech recognition accuracy test: Evaluated the Paraformer model's performance in a
simulated dining environment.

o Mouth detection performance evaluation: Assessed the accuracy and speed of the
YOLOvVS5s model using diverse test images.

o Head pose estimation accuracy test: Evaluated FSA-Net’s estimation accuracy under
different head positions and lighting conditions.

o Integration Tests:

o Assessed the coordination between system modules to ensure smooth information flow.

o Tested the system's adaptability to different scenarios, such as sudden patient movement
or changes in lighting.

Figure 4 demonstrates the functional capabilities of our system. Specifically, subfigures (a) and (b)
showcase the head pose estimation functionality, while subfigures (c) through (h) illustrate the process
of inserting and delivering three different types of food after receiving voice commands. These
demonstrations validate the system's effectiveness and flexibility in real-world application scenarios.

259



Proceedings of the 4th International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/67/2024.18648

© (h)

Figure 4. Functional demonstration

4. Conclusion

The intelligent assisted feeding system developed in this study offers an innovative and practical solution
for Parkinson’s disease patients, significantly enhancing their feeding autonomy and quality of life. By
integrating advanced speech recognition, computer vision, and precise motion control technologies, we
successfully created a system capable of accurately understanding patient intent, precisely locating the
mouth, and adjusting food delivery in real time.

4.1. Key Findings

1. Technological Innovation: The successful application of advanced algorithms, such as Paraformer
for speech recognition, YOLOvVS5s for object detection, and FSA-Net for head pose estimation,
supports technological innovation in the field of assisted feeding.

2. System Performance: In a laboratory environment, the system demonstrated excellent performance.
The speech recognition module achieved over 95% command recognition accuracy in a simulated
dining setting; the mouth detection module achieved a real-time detection speed of 30 FPS with over
97% average detection accuracy; and the head pose estimation error was controlled within 2.5°.

3. Interdisciplinary Collaboration: This research fostered collaboration across engineering, computer
science, and medical fields, opening new research directions for the application of intelligent
assistance technologies in medical rehabilitation.
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4.2. Limitations

1.

Sample Size: The current system evaluation was mainly based on a laboratory environment with a
limited sample of patients. Future work should involve long-term clinical trials with a larger and
more diverse group of patients to fully assess the system's effectiveness and applicability.

. Environmental Adaptability: The system's performance in complex home or clinical environments

has yet to be fully tested, particularly under conditions of varying light and background noise.

. Personalization: Although the system has adaptive capabilities, more in-depth customization may

be required for patients with different severities and symptom characteristics.

4.3. Future Research Directions

1.

2.

Deep Learning Optimization: Explore more advanced deep learning models and training strategies
to further enhance the system's robustness and accuracy in complex real-world environments.
Multimodal Fusion Enhancement: Research more advanced multimodal information fusion
techniques, such as introducing haptic feedback, to provide a more comprehensive and natural
human-computer interaction experience.

. Long-term Adaptability: Develop online learning algorithms that allow the system to continuously

optimize performance based on long-term usage data, adapting to the progressive changes in the
patient's symptoms.

Extended Applications: Explore the potential of applying the system to other motor disorders, such
as multiple sclerosis and stroke, expanding its societal impact.

. Ethics and Privacy: Conduct in-depth research into ethical issues and privacy concerns related to

the use of intelligent assistance systems, and establish appropriate usage guidelines and policy
recommendations.

In summary, the intelligent assisted feeding system developed in this study offers a promising

solution for improving the quality of life of Parkinson’s disease patients. It not only demonstrates the
enormous potential of artificial intelligence and robotics in the field of medical rehabilitation but also
provides a clear direction for the development of broader assistance technologies. We look forward to
continued technological innovation and clinical validation to ensure this system can truly benefit more
patients with neurodegenerative diseases, offering them a more independent and dignified living

experience.
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