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Motivation
Challenges with labels collected in
free-living environments
• Noisy Labels: Labels provided by participants 

are inconsistent and subjective.
• Sparse Data: Variability in the frequency and 

intensity of recorded activities.
• Undefined Activity Vocabularies: Different 

terminologies for similar activities

These challenges makes the downstream task (e.g., 
activity recognition) more difficult.
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Proposed Framework: FuSE-MET
• Combines semantic embeddings (BERT) 

with domain-specific Metabolic Equivalent 
of Task (MET) values.

• Reduces label complexity by merging 
similar activities.

• Lambda-weighted fusion balances:
• Semantic similarity
• Physical intensity
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Semantic Embeddings (BERT)
• Pre-trained BERT model 

captures semantic relationships 
between activity labels.

• Enables understanding of 
synonymous and related terms.
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Domain-Specific Knowledge: MET Values
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• MET values quantify physical 
intensity of activities.

• Example MET values:
• Walking: 2.5
• Cycling: 8.0

• Helps balance classification 
based on physical intensity.
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Lambda-Weighted Fusion
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• Fusion of semantic 
embeddings and MET values: 
Weighted combination of 
BERT embeddings and MET 
values.

• Allows flexible adjustment to 
prioritize semantic meaning or 
physical intensity.

semantic
embedding

MET
embedding

λ(1-λ) +



Unsupervised Clustering
• Group similar labels 

based on the 
combined feature 
vector using k-means 
clustering
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Evaluation
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Study Context:
• Clinical study with patients with 

cardiovascular disease.
• Data collected from smartphones: 

accelerometer and gyroscope signals.
• 5-second windows with extracted features 

(e.g., signal intensity, variance).

Models Evaluated:
• Classifiers: Random Forest, 1-nearest 

neighbor (1NN), SVM, Fully-connected 
neural network (NN), XGBoost, DANets, 
CNN.

• Baselines:
• GPT-4-based clustering without MET 

values.
• Nonfusion model with 36 distinct clusters.
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Key Findings
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• FuSE-MET outperforms 
baselines in accuracy and F1 
score.

• Optimal λ range (0.2-0.5) 
balances semantic and domain 
knowledge.

• Simpler models (e.g., 1NN, 
SVM) perform better due to 
reduced label complexity.

• K=3 achieves a higher F1 
score (0.77) compared to K=2 
(0.65).
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Conclusion
Summary:
• FuSE-MET bridges the gap in HAR for free-living environments 

by handling noisy labels and sparse data.
• Integrates semantic embeddings with MET values to reduce 

label complexity and improve classification.

Strengths:
• Outperforms state-of-the-art methods, including zero-shot GPT-

4-based approaches.
• Simplifies HAR tasks, making them feasible for lightweight 

models in clinical and real-world settings.

Future Directions:
• Generalize to other uncontrolled domains and user populations.
• Investigate adaptive hyperparameter tuning for varying datasets.
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Thank You!
Questions?

https://ghasemzadeh.com
{shovito, a.mamun, hassan.ghasemzadeh}@asu.edu


