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Introduction
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Vital sign

Traditional contact-method measurements have some limitation

HR: Heart rate
HRV: Heart rate variability

- Uncomfortable - Some device have burdensome system
- Not suitable for long term monitoring - Not suitable for pandemic circumstance
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Why non-contact sensor

Radar-based CATAES Camera-based

v’ Do not require to contact /
with subjects.

v’ Contactless, compact.

PC System to transmit 24 GHz Radar

reference signal



Continuous wave radar based
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Continuous wave radar based
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Camera-based
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Our contribution
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Heart rate (HR) detection

Qualified signal

1

BPF (0.7-3 Hz)

\Z

> Window i for 5 second

Complete the last?

No

Spread into matrix X

v

[U.D,V]=SVD(X)

g

T Aol

Multiplier Multiplier

i =i+l

Z \7

Adder

Z

Mean
of anti—diagonal

v

Findpeaks

alal

- Radar-sig

V¥ Radar-peaks
“ECG

Vv ECG-peaks
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Heart rate (HR) detection

Radar signal

I channel Q channel
a \ 4 Band Pass Filter
Normalize Normalize
A 4
\ 4 v .
Derivation
BPF BPF
[0.7-3 Hz] [0.7-3 Hz]
A
A A 4 Square
Std (D Std (Q)
A
Intergration
Select=Std (I)>Std (Q) A
FFT
A 4 A 4
\; Signal selector A 4
Beats per minute
Selected
channel

Signal Amplitude Signal Amplitude Signal Amplitude Signal Amplitude

Signal Amplitude

05

=

<05

0.5

=

-05

0.5

=

-0.5
0

04
02

=

-0.2

Cl.5

G

-0.5

A. Radar selected channel and ECG

S
’ T|me(secnnds}-
LB YN PN R PR T T ENEVEA A,

Time (seconds)
C. Derivative Block Output and ECG

20

bkt st s

Time (seconds)
D. Squaring Block Output and ECG

20

e T b

Time (seconds)
E. Integration Block Output and ECG

(=]

A A AR

0 2
Time rsecunds)

Hoang Thi Yen, et al. "Radar-based contactless heart beat detection with a modified Pan—Tompkins
algorithm." Biomedical Physics & Engineering Express 11.1 (2024): 015007.
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RR and HR detection on clinical data

- Detect RR and HR of clinical data

- There is abnormal

- This patient was diagnosed with
Cheyne-Stokes respiration (CSR)

Before CSR pathogenesis
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Hoang Thi Yen, et al. "A medical radar system for non-contact vital sign monitoring and clinical performance evaluation in hospitalized older

patients." Biomedical Signal Processing and Control 75 (2022): 103597.
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Sleep apnea detection: clinical data
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Hoang Thi Yen, et al. "Sleep apnea patient monitoring using continuous-wave
radar." 2023 IEEE Statistical Signal Processing Workshop (SSP). IEEE, 2023.




HRV detection

v’ Heart rate variability (HRV) is the physiological phenomenon of the variation in the interval between
consecutive heartbeats.

v" HRV illustrates the fluctuation in the interval between heartbeats, called the inter-beat interval (IBI) or called
R-R interval in ECG, owing to the influence of the autonomic nervous system.

R-R interval (ms)

ECG:
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HRV calculation

Radar and ECG
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HRV detection
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Yen, Hoang Thi, et al. "Non-contact estimation of cardiac inter-beat interval and heart rate variability using time-frequency domain analysis for CW

IBI
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radar." IEEE Journal of Electromagnetics, RF and Microwaves in Medicine and Biology 7.4 (2023): 457-467.



Real-time performance
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Real-time performance
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1. Nguyén Duy Hiéu, Hoang Thi Yén et al- “Tinh toan nhip tim bang phuong phap khdng tiép xdc sir
dung RGB camera”. REV-ECIT 2024

2. Hoang Thi Yen et al. “RGB camera-based pulse rate estimation using continuous wavelet transform

and convolutional neural network”, 2025 journal (under review)
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Future potential

Monitoring
in nursing facilities etc.

Monitoring with TV
during dairy life

Monitoring with PC
at work

Thank you for listening!



