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“we suggest that MSPTD and qppg performed 
best, although we note that this is subjective”

Charlton PH et al., Detecting beats in the photoplethysmogram: benchmarking open-source algorithms, Phys Meas., 2022. https://doi.org/10.1088/1361-6579/ac826d (CC BY 4.0)
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qppg MSPTD

• Openly available

• GNU GPL Licence

• Highly efficient

• Openly available

• MIT Licence

• Less efficient

MSPTDfast
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The MSPTD
beat detection algorithm

Point of interest

Points separated from the point of 
interest by n samples. n is the scale.

Calculating the local 
maxima scalogram:



The MSPTD
beat detection algorithm

A pulse peak which is 
higher than most of its 

surrounding neighbours.
Calculating the local 
maxima scalogram:



The MSPTD
beat detection algorithm

A point on a downslope 
which is lower than most 

of its surrounding 
neighbours.

Calculating the local 
maxima scalogram:



The MSPTD
beat detection algorithm

A dicrotic notch which is 
higher than a few of its 

surrounding neighbours.
Calculating the local 
maxima scalogram:



The MSPTD
beat detection algorithm

This process is repeated for each 
point on the PPG signal to produce a 

‘local maxima scalogram’.

Calculating the local 
maxima scalogram:



The MSPTD
beat detection algorithm

The scale with the most 
local maxima is identified.

Identifying pulse peaks:



The MSPTD
beat detection algorithm

Peaks are any samples 
which are maxima at all 

scales up until this 
identified scale.

Identifying pulse peaks:
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Potential improvements
Potential improvement Options

LMSs to calculate peaks and onsets ∗
peaks
onsets

LMS calculation method nested for loops ∗
vectorised approach

LMS scales used N/2 ∗
only scales >HRmin, with 
HRmin ∈ {30, 40} bpm.

Sampling frequency (Hz) original ∗
10
20
30

Window duration (s) 4
6
8 ∗
10

* indicates the approach used in MSPTD
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HR > 30 bpm

8-second PPG signal at 125 Hz
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Methods
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• Evaluate the impact of each option for each potential improvement on:

• Execution time (displayed as a percentage of signal duration)

• F1-score (harmonic mean of sensitivity and PPV of beat detection)

• In comparison to ECG-derived heartbeats (time-aligned, 150ms tolerance)

• Create ‘MSPTDfast’ using all potential improvements found to reduce execution time whilst not substantially 

reducing F1-score.

• Compare ‘MSPTDfast’ to MSPTD [1] and qppg [2] beat detection algorithms.

• All performed on PPG-DaLiA dataset [3]:

• Wrist PPG signals acquired using Empatica E4

• From 15 young subjects

• During a lunchbreak (duration of 32.4 (28.7-37.2) minutes)

[1]  S. M. Bishop and A. Ercole, “Multi-scale peak and trough detection optimised for periodic and quasi-periodic neuroscience data,” in Intracranial 

Pressure and Neuromonitoring XVI. Acta Neurochirurgica Supplement, T. Heldt, Ed. Springer, 2018, vol. 126, pp. 189–195.

[2] A. N. Vest et al., “An open source benchmarked toolbox for cardiovascular waveform and interval analysis,” Physiological Measurement, vol. 39, 

no. 10, 2018.

[3] A. Reiss et al., “Deep PPG: large-scale heart rate estimation with convolutional neural networks,” Sensors, vol. 19, no. 14, p. 3079, 2019.
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Original ‘peaks and onsets’ approach 
retained to maintain F1-score

Original ‘nested loops’ approach 
retained

Only scales corresponding to HRs > 
30 bpm used.

Original window duration of 8 
seconds retained.

Signals downsampled to 20 Hz prior 
to analysis
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Results
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‘MSPTDfast’ had an execution time of less than one third (27.7%) of the ‘MSPTD’ algorithm.

This was achieved with only a very small reduction in F1-score of 0.1%.
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Discussion and Conclusion
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• MSPTDfast reduced execution time by 72.3% compared to ‘MSPTD’ whilst retaining beat detection 

accuracy.

• This was achieved by reducing the size of the LMS matrix by:

• Downsampling the PPG signal

• Reducing the number of scales over which beats are detected

https://creativecommons.org/licenses/by/4.0/


Panicos Kyriacou

Jonathan Mant

University of Cambridge

City, University of London

British Heart Foundation

… and many others

With thanks to…



Sonia Sevilla, https://commons.wikimedia.org/wiki/File:Kamar_Zard_Buzhan_-_Nishapur_1.jpg (CC0 1.0)

Developed ‘MSPTDfast’, an efficient and 
accurate open-source algorithm for PPG beat 
detection.

However, in an attempt to make it as reliable 
as a climbing rope, we are now publishing 
further results, implementing it in a widely 
used toolbox, and should test this final 
implementation.

Available under the permissive MIT licence
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