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Housekeeping

• Please stay on mute whilst in the main meeting, although 
please do unmute when in breakout rooms for group work!

• Do use the chat to pass on any questions, comments, 
criticisms, or complements.
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Every 15 mins 
in UK:

Pexels, https://pixabay.com/photos/man-heartache-chest-pain-hurt-pain-
1846050/ (Pixabay Licence)

BHF Statistics Factsheet – UK, 2020:
https://www.bhf.org.uk/what-we-do/our-research/heart-statistics
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Aim: to gain knowledge and skills to apply best practices to 
process wearable data.

Benefiting: researchers, device designers, clinicians, and 
ultimately the millions of people who use wearables to 
monitor their health and fitness.

Learning objectives:
• To understand the background to wearables, the signals 

they acquire, the underlying physiology, and potential 
applications.

• To learn fundamental techniques for processing wearable 
signals.

• To gain hands-on experience of signal processing and 
machine learning with wearable data.

Outline

7

Time Content

15 mins Introduction to wearables

40 mins Interactive Tutorials

5 mins Overview of case study

45 mins Group work

5 mins Group feedback

5 mins Summary

Organisers
- Kelly Ding, University of Cambridge
- Elisa Mejia-Mejia, City, University of London
- Serena Zanelli, University Sorbonne Paris Nord
- Marton Goda, Technion - Israel Institute of Technology
- Peter Charlton, University of Cambridge
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12-lead ECG Blood pressure measurement

Source: NARA & DVIDS Public Domain Archive Source: Pavel Danilyuk from Pexels

https://nara.getarchive.net/media/a-technician-performs-an-electrocardiogram-ekg-on-a-patient-at-the-fitzsimons-163356
https://www.pexels.com/photo/a-healthcare-worker-measuring-a-patient-s-blood-pressure-using-a-sphygmomanometer-7108344/


Source: Charlton et al. Individual images: P. Charlton under CC BY 4.0; cropped from image by Marco Verch (CC BY 2.0); cropped image from Passler et al. under CC 
BY 4.0; cropped from image by GEEK KAZU (CC BY 2.0); cropped from image by Pixels (Pixabay License); cropped from image by Luke Chesser (CC0 1.0).
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Accelerometry

Tri-axial accelerometry Resultant accelerometer signal
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Electrocardiogram

Electrocardiogram (ECG) signal

R-waves, indicating heart beats

Recording a single-lead ECG at the wrist
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The Photoplethysmogram
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The Photoplethysmogram
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Charlton PH et al., Wearable photoplethysmography for cardiovascular monitoring, Proc. IEEE, 2022. https://doi.org/10.1109/JPROC.2022.3149785 (CC BY 4.0)
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Black – mean value for 25 year old
Red – 1 standard deviation above mean
Blue – 1 standard deviation below mean
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Fundamentals of Photoplethysmography
For further information (including additional parameters) see:

Charlton P.H. et al., Wearable photoplethysmography for cardiovascular monitoring,
Proceedings of the IEEE, 2022, https://doi.org/10.1109/JPROC.2022.3149785 (CC BY 4.0)

Charlton PH and Marozas V, Wearable photoplethysmography devices, in Photoplethysmography, 
Elsevier, 2022. http://peterhcharlton.github.io/publication/wearable_ppg_chapter/

https://doi.org/10.1109/JPROC.2022.3149785
https://creativecommons.org/licenses/by/4.0/
http://peterhcharlton.github.io/publication/wearable_ppg_chapter/
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Adapted from:
Charlton P.H. et al., Assessing hemodynamics from the photoplethysmogram to gain insights into vascular age: a review from 
VascAgeNet, AJP: Heart Circ., 2022. https://doi.org/10.1152/ajpheart.00392.2021 (CC BY 4.0)

Approach 1: Single PPG 2. Multiple PPGs 3. PPG and other(s)
i) Extract pulse wave feature

ii) Estimate parameter

i) Extract pulse transit time

ii) Estimate parameter

i) Extract pulse arrival time

ii) Estimate parameter

e.g. estimate systolic blood 
pressure (SBP),

from pulse transit time (PTT)

e.g. estimate systolic blood 
pressure (SBP),

from pulse arrival time (PAT)

e.g. estimate systolic blood 
pressure (SBP),
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If atrial fibrillation 
was adequately 
treated in England:

Stroke Association, “State of the Nation,” 2018.
Public Health England, “Atrial fibrillation prevalence estimates in England …”, 2015.

CFCF, https://commons.wikimedia.org/wiki/File:Normal-heart.jpg (CC0 1.0)
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Identifying Atrial Fibrillation
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Identifying Atrial Fibrillation
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Identifying Obstructive Sleep Apnea

PaliGraficas, https://pixabay.com/vectors/asleep-bed-bedroom-sleep-hotel-6056048/ (Pixabay Licence)

https://pixabay.com/vectors/asleep-bed-bedroom-sleep-hotel-6056048/
https://pixabay.com/service/license/


Infectious Diseases
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Radin et al. Harnessing wearable device data to improve state-level 
real-time surveillance of influenza-like illness in the USA: a population-
based study. Lancet Digit. Heal. 2020
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Activity

Quer et al., Wearable sensor data and self-reported symptoms for COVID-19 
detection. Nat Med, 2020

Gadaleta et al. Passive detection of COVID-19 with wearable sensors and 
explainable machine learning algorithms. npj Digit Med, 2021

Influenza-like illness

COVID-19

Fitness trackers of the future …

Peter Charlton, https://commons.wikimedia.org/wiki/File:Max_Health_Band.jpg (CC BY 4.0)
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Clinical Applications

For further information (including additional applications) see:

Charlton P.H. et al., Wearable photoplethysmography for cardiovascular monitoring, Proceedings of the IEEE, 2022, 
https://doi.org/10.1109/JPROC.2022.3149785 (CC BY 4.0)

Charlton PH and Marozas V, Wearable photoplethysmography devices, in Photoplethysmography, Elsevier, 2022. 
http://peterhcharlton.github.io/publication/wearable_ppg_chapter/
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