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Motivation
Why does it matter?

• HR and HRV are important indicators of 
stress, fatigue, and workload

• ECG is the gold standard but requires 
electrodes and chest straps

• PPG is widely used in wearable devices 
due to:

• Comfort
• Low cost
• Easy integration
• However, PPG signals are highly 

sensitive to motion artifacts



Research Gap

• Motion artifacts distort PPG 
waveforms

• Lack of standardized signal processing 
protocols

• Most datasets collected under resting 
conditions

• HRV estimation from PPG remains 
unreliable in real-world environments

• Need for robust signal quality 
assessment and reconstruction 
pipeline



Objectives of the paper

• Evaluate accuracy of PPG-derived HR 
and HRV in dynamic in-vehicle 
settings

• Develop a signal quality assessment 
(SQA) model

• Apply spectral signal reconstruction

• Compare different processing 
pipelines

• Identify which HRV metrics are 
reliable from PPG



Experiment: Dataset

• 114 trials (110 valid trials)
• Participants seated in automated 

vehicle
• Exposure to acceleration–braking 

events
• ~20 minutes per participant

Sensors
• ECG: Zephyr BioHarness (250 Hz)
• PPG: Empatica E4 wristband (64 Hz)
• Accelerometer for motion detection



Experiment: Proposed Processing Pipeline

Steps:
1. Signal preprocessing
2. Frequency-domain 

analysis
3. Pulse rate estimation
4. Signal quality 

classification
5. Signal reconstruction
6. HRV feature extraction



Signal Quality Assessment Model

SQA classifier built using 12 signal 
features
Feature categories:
Time-domain features

• Kurtosis
• Skewness
• Shannon entropy

Frequency-domain features
• Spectral peak power
• Harmonic power

Motion features
• Accelerometer amplitude
• Cross-bicoherence



Signal Quality Assessment Method
Key idea:
• Remove motion artifacts 

around HR frequency

Method:
• Identify dominant heart rate 

frequency
• Apply notch filters around HR 

and harmonics
• Subtract noise components 

from raw signal

Advantages:
• Works with single-channel PPG
• Computationally lightweight



Results: SQA Model Performance

Best configuration:
• Epoch length: 10 

seconds
• Classifier: SVM
• Selected features: 8

Performance on test data:
• Accuracy: 0.888
• Specificity: 0.892
• Sensitivity: 0.887
• AUC: 0.96
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Results: Correlation

Heart Rate
• Strong agreement 

between PPG and ECG
• Accurate even in 

dynamic environments
HRV Metrics
Moderate agreement for:

• SDNN
• LF
• VLF

Poor agreement for:
• RMSSD
• HF



Conclusion
Key Contributions

1. Proposed interpretable single-channel PPG processing pipeline
2. Developed signal quality assessment classifier
3. Introduced spectral reconstruction for motion artifact removal
4. Demonstrated improved HRV estimation in dynamic environments
5. Identified limitations of PPG for high-frequency HRV metrics

Conclusion
• PPG is reliable for heart rate monitoring
• HRV estimation from wrist PPG remains limited under motion
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Backup – Reconstructing PPG.

Estimate heart rate frequency (HRF):
Apply FFT to the PPG signal and identify the dominant spectral peak corresponding to heart rate.

Identify harmonics:
Detect the second harmonic of the heart rate frequency to capture additional pulse information.

Apply notch filters:
Use 4th-order Butterworth band-stop filters centered at the HR frequency and its harmonic (±20%) to isolate motion-
related noise.

Extract noise component:
The filtered signal represents noise near the heart-rate frequency band.

Reconstruct clean signal:
Subtract the noise component from the raw PPG signal to obtain a cleaner waveform.

Result:
The reconstructed signal improves pulse peak detection and HRV feature extraction under motion conditions.


