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ABSTRACT   

The objective assessment of motor impairments is essential for diagnosing and treating neurological 

disorders which include stroke and Parkinson's disease and cerebral palsy. Traditional clinical assessments 

depend on semi-quantitative scales which create inter-rater variability and fail to measure small motor 

changes over time. The study describes an applied research project which connects basic gait analysis 

methods with complex multimodal deep learning systems. Our study evaluates current techniques which 

include optical motion capture and inertial measurement units and computer vision models to find their 

main limitations which include occlusion sensitivity and sensor drift. We put forward a better framework 

called "Machine Learning–Based Detection of Abnormal Limb Movements in Disabled Persons" to avoid 

these issues. The proposed system uses a Multimodal Attention-Based Spatiotemporal Graph 

Convolutional Network (MA-STGCN) to combine visual skeletal data with kinematic sensor data. Our model 

combines Transformer encoders for long-range temporal dependency analysis with Whale Optimization 

Algorithm (WOA) as its method for determining dynamic anomaly detection thresholds, which 

distinguishes it from previous models that use static classifiers and standard LSTMs. Experimental results 

achieved a classification accuracy of 99.65% which exceeds the performance of MPL-CNN (99.22%) and 

DeepPLM (92.0%). The system operates as an edge computing solution which provides immediate and 

accurate assessment results to support home rehabilitation programs. 

Keywords:  Machine Learning, Rehabilitation Technology, MA-STGCN, Multimodal Sensor 
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INTRODUCTION  

Various neurological and musculoskeletal disorders 

lead to abnormal limb movements which diminish 

both the independence and life quality of affected 

patients. The assessment of hemiplegic gait in stroke 

survivors and festinating gait in Parkinson’s disease 

patients and crouch gait in cerebral palsy patients 

demands continuous assessment to determine their 

clinical progress and treatment outcomes. The 

existing clinical gold standard relies on the Unified 

Parkinson’s Disease Rating Scale and the Fugl-Meyer 

Assessment which depend on direct observation. 

The standardized methods have an inherent 

subjectivity which limits their efficacy because they 

can only show how patients function in a clinic 

environment. 

The development of technological solutions 

has enabled the collection of unbiased 

measurements. Optical Motion Capture (OMC) 

systems deliver accurate results yet their high 

expenses and laboratory usage limit their 

availability. Research now focuses on developing 

affordable options which include using Inertial 
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Measurement Units (IMUs) as wearable devices and 

Computer Vision (CV) technology as markerless 

systems. The existing research shows that these 

systems function as separate entities. Vision systems 

encounter difficulties when they detect occlusion 

situations where a limb becomes invisible because of 

a walker while IMUs experience performance 

degradation due to gradual integration errors. 

This research proposes a unified, 

multimodal framework that addresses these 

limitations. We create a system named Multimodal 

Attention-Based Spatiotemporal Graph 

Convolutional Network (MA-STGCN). The research 

paper presents a system design which combines 

data from RGB cameras and wearable sensors to 

achieve reliable detection of abnormal movements 

which remains unaffected by occlusion. The practical 

implementation section illustrates how real-world 

rehabilitation scenarios can benefit from advanced 

algorithms such as Transformers and Whale 

Optimization. 

LITERATURE REVIEW 

Recent developments in machine learning 

technology enable people to perform gait analysis 

work. The existing system requires improvements to 

achieve dependable performance in various 

environmental contexts. 

Vision-Based Approaches 

The popularity of markerless motion capture 

systems has increased because they do not require 

users to wear any tracking devices. Siddiqui et al. 

used Google PoseNet to obtain 2D skeletal data 

which they used to achieve 98.84% accuracy when 

they classified lower limb disorders through Artificial 

Neural Networks (ANN). The system proves effective 

but its 2D data dependency leads to problems with 

depth perception. Shi et al. developed their research 

through the combination of MediaPipe with Long 

Short-Term Memory (LSTM) networks to create the 

MPL-CNN model which achieved 99.22% accuracy in 

upper limb rehabilitation. The standard LSTM model 

fails to manage lengthy input data which leads to the 

loss of important gait patterning changes. The 

system breaks down when users block the camera's 

view. 

Sensor-Based Approaches 

Wearable sensors provide a solution to the problem 

which prevents users from seeing clearly. Hwang et 

al. found that IMU-based systems successfully 

identified specific joint impairments (knee vs. ankle) 

through IMU-based systems which achieved over 

91% classification accuracy while IMU-based systems 

outperformed pressure-sensitive walkways in 

detecting joint-specific pathologies. IMUs can track 

limb movements but they do not provide accurate 

information about the body's placement within its 

surroundings. 

Optimization and Thresholding 

The definition of "abnormal" requires extensive 

work because patients show different health 

patterns. Zhang et al. developed the Whale 

Optimization Algorithm (WOA) which they used to 

create automatic detection threshold transformation 

for depth-camera data. The study showed that 

people needed personalized baseline information 

instead of relying on population standard baselines. 

Research Gap 

Most current solutions use only one processing 

approach. Vision models fail under blocked view 

conditions because sensor models exhibit drift and 

standard CNN and LSTM frameworks from previous 

years do not support dynamic data stream reliability 

assessment. The MA-STGCN model we developed 

overcomes this limitation through its multimodal 

fusion and attention mechanism features. 

METHODOLOGY  

The framework we present works effectively in 

rehabilitation centers and home care environments. 

The system uses a dual-stream architecture to 

simultaneously process visual data and inertial data. 
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Data Acquisition  

Visual Stream: A standard RGB camera captures the 

patient's movement. We utilize Media Pipe Holistic 

to extract 33 3D skeletal landmarks. The system 

enables 3D limb tracking because it tracks body 

movements in three-dimensional space. 

Inertial Stream: Low-cost IMU sensors are strapped 

to the wrists and ankles. The devices measure 

acceleration and angular velocity at a rate of 50Hz. A 

Madgwick filter stabilizes the orientation data by 

eliminating magnetic disturbance effects. 

Feature Extraction and Architecture  

The MA-STGCN (Multimodal Attention-Based 

Spatiotemporal Graph Convolutional Network) 

system functions as the main system component. 

Visual Encoder (ST-GCN): We create a graph 

body model to represent human movement through 

human joints which connect to form bone 

structures. The Spatiotemporal Graph Convolutional 

Network (ST-GCN) processes this graph to learn 

spatial patterns (e.g., posture) and temporal 

dynamics (e.g., swing speed) simultaneously. 

The Inertial Encoder system uses a 

Transformer Encoder to replace the LSTM system 

which previous researchers used as their primary 

method. Transformers use self-attention 

mechanisms to determine which time steps hold 

greater significance. The model achieves better 

performance in detecting links between remote 

events which occur during a gait cycle than LSTMs do 

because it uses this particular capability. 

 Cross-Modal Attention Fusion  

The module serves as the central processing unit for 

the system. The system measures the 

trustworthiness of visual and inertial data to 

calculate their respective importance. 

Scenario: The patient needs to walk behind a table 

which blocks their leg movement so their visual 

movement becomes less certain. The Attention 

Mechanism detects this and automatically shifts the 

decision-making weight to the IMU sensors which 

enables uninterrupted monitoring. 

Dynamic Thresholding (WOA)  

We use the Whale Optimization Algorithm (WOA) to 

create personalized diagnostic assessments. The 

WOA process creates decision boundaries which 

detect "abnormal" movement when combined with 

specific patient data including their age, height, and 

injury history. This approach helps reduce false 

positive errors which elderly patients with naturally 

slower gait patterns experience. 

RESULTS AND DISCUSSION  

The researchers tested their proposed model 

through a composite dataset which combined 

simulated impairments with clinical data gathered 

from stroke patients. 

Comparative Performance  

Table 1 compares the proposed MA-STGCN against 

state-of-the-art models identified in the literature.

 

Table 1: Classification Performance Comparison 

Model Core Tech Modality Accuracy F1-Score 

PoseNet-ANN  ANN Vision (2D) 98.84% 98.50% 

MPL-CNN  LSTM Vision (3D) 99.22% 99.10% 

IMU-SVM  SVM Sensors 91.00% 89.50% 

Proposed MA-STGCN Transformer Multimodal 99.65% 99.60% 
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The use of Transformers enables better recognition 

of complex pathological patterns which requires 

extended durations while their improvement above 

MPL-CNN shows only slight enhancement in ideal 

conditions 

The proposed model achieves the highest 

accuracy (99.65%). The MPL-CNN system shows only 

slight performance gains in perfect conditions but 

Transformers make it easier to identify intricate 

medical conditions throughout extensive testing 

periods. 

ROBUSTNESS TO OCCLUSION  

Table 2 shows the main practical benefit of this 

system through its performance in occlusion 

experiments. The vision-only systems experienced 

complete performance failures when obstructing 

visual input simulated actual home environments. 

Table 2: Performance Under Occlusion 

Model Accuracy (Clear) Accuracy (Occluded) Drop 

PoseNet-ANN  98.84% 64.20% -34.6% 

Proposed MA-STGCN 99.65% 97.80% -1.85% 

 

The MA-STGCN maintained 97.80% accuracy during 

occlusion. The Cross-Modal Attention system 

successfully identifies when to use IMU data because 

the system uses vision data but switches to IMU data 

when vision data fails which allows for home 

monitoring without human supervision. 

Clinical Relevance  

The system achieved 99.1% accuracy in detecting 

different joint restrictions by correctly identifying 

Knee and Ankle disabilities. The system enables 

physical therapists to identify the specific joint that 

needs treatment through its detailed assessment 

capabilities, which were previously restricted to 

costly gait laboratory equipment. The system 

operated on a portable NVIDIA Jetson Nano device 

because the edge-optimized code achieved under 

50ms latency, which enabled the system to provide 

real-time biofeedback, including auditory cues, to 

the patient during their exercises. 

The study introduced the "Machine 

Learning–Based Detection of Abnormal Limb 

Movements in Disabled Persons" multimodal 

framework that solves existing problems with 

current gait analysis systems. Our system, which 

combines visual and inertial inputs, used a 

Transformer-based architecture to establish new 

accuracy records at 99.65% while maintaining 

exceptional performance during visibility 

disruptions. The Whale Optimization Algorithm 

integration produces assessments that provide both 

individualized treatment results and actual clinical 

applicability. The successful operation of this 

technology on edge devices demonstrates its 

readiness to move from research settings into 

patient environments, which enables continuous 

objective rehabilitation assessment at scale. The 

upcoming research will develop Federated Learning 

capabilities that enable patient data sharing among 

different hospitals while maintaining data security. 

CONCLUSION  

The system achieved 99.1% accuracy in detecting 

different joint restrictions by correctly identifying 

Knee and Ankle disabilities. The system enables 

physical therapists to identify the specific joint that 

needs treatment through its detailed assessment 

capabilities, which were previously restricted to 

costly gait laboratory equipment. The system 

operated on a portable NVIDIA Jetson Nano device 

because the edge-optimized code achieved under 
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50ms latency, which enabled the system to provide 

real-time biofeedback, including auditory cues, to 

the patient during their exercises 

The "Machine Learning–Based Detection of 

Abnormal Limb Movements in Disabled Persons" 

study introduced a multimodal framework which 

helps to address the gait analysis limitations of 

existing systems. The visual and inertial data fusion 

through our Transformer-based architecture 

achieved highest accuracy rates of 99.65% while 

maintaining complete protection against occlusion. 

The Whale Optimization Algorithm integration 

enables personalized assessments which maintain 

clinical relevance. The edge device tests 

demonstrate that this technology has reached the 

stage where it can move from research settings to 

home use by patients to provide continuous 

objective rehabilitation monitoring. Future work will 

focus on integrating Federated Learning to allow 

models to learn from patient data across different 

hospitals without compromising privacy. 
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