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Motivation (I)

 Paradigm shift in smart 
healthcare: enables 
continuous, proactive, and 
unobtrusive care.

 Promising impact:
enhances quality of life and 
optimizes hospital resources.
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Motivation (II)

Burn patients

Newborn care Long term care

In-cabin
monitoring

Low signal-to-interference-
plus-noise ratio (SINR)
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Scarcity of radar vital 
signals and datasets



Motivation (III)

 RADAR configurations
 Frequency bands - Industrial, Scientific, and Medical (ISM) bands

Continuous Wave (CW) Doppler
NO range info

Ultra-Wideband (UWB) pulse
Short range, susceptible to 

interference

Frequency-Modulated 
Continuous Wave (FMCW)

Compact + range info

Stepped-Frequency Continuous 
Wave (SFCW)
Low acquisition

24 GHz (ISM)
𝜆𝜆 =12 mm, μm-blind

60 GHz (ISM)
𝜆𝜆 = 5 mm, 𝑂𝑂2 absorption

77 GHz
𝜆𝜆 = 3.9 mm,

automotive focus

120 GHz (ISM)
𝝀𝝀 = 2.4 mm, 𝛍𝛍m-sensitive
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Motivation (IV)

 Algorithms

FFT

Wavelet
Transform

AI models

EMD/VMD
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Efficient for distance resolution
Limited to the frequency domain, losing temporal details 
and the dynamic HRV

Good performance in noise filtering and vital signal 
separation
Relies on manual selection of a fixed basis function

Effective in separating breathing and heartbeat patterns
Prone to mode mixing and poor real-time performance

Effective in complex cases with low SINR
Massive amounts of training data to learn, high 
computational cost and lack of interpretability

Current algorithms lack robustness against 
individual physiological differences!



Objectives (I)
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 Requirements:

 For radar:
• High sensitivity to body motions
• Immune to nearby objects
• Reduced size & weight
• Low cost and easy to deploy

 For technique:
• Optimal SINR
• Robust extraction of vital information

o Respiratory rate (RR) / Heart rate (HR)
o HRV
o Cardiac cycle period



 1. Optimization and application of a high-
frequency Radar System-on-Chip (RSoC)

 2. Development of an advanced algorithm for 
biometric sensing

 3. Solving practical problems:
- Radar beam orientation
- Data scarcity
- …

Objectives (II)
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Contribution 0
Radar Characterization & Optimization (I)

120 GHz RSoC
(TRX_120_001)

Teflon dielectric lens to 
enhance the radar spatial 
resolution and sensitivity

In our experimental setup, a radar 
bandwidth of 3 GHz was configured. 10



Contribution 0
Radar Characterization & Optimization (II)

RF power: 2.594 mW/m2 ≪ 10 W/m2 (RF safety program initiation level)
11

 Safety

120 GHz



Contribution 0
Radar Characterization & Optimization (III)

Phase noise: 0.4677 𝛍𝛍𝛍𝛍 -> High SINR for vital sensing
SNR: 45.12 dB ≪ 20 dB required for precise phase tracking
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 Sensitivity

 The standard deviation of the phase was calculated by recording 
the reflection from the laboratory’s floor over a continuous period.

 The signal peak (red marker) corresponds to the reflection from a 
stationary ground surface with a reflection intensity (RCS) 
comparable to a human thorax.



Repetitive Waveform Adaptive Matched Filter 
(RWAMF)

Contribution 1
Robust Biometric Sensing
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• SINR optimization
• RR & HR estimation
• Cardiac pulse detection and localization

 Prior knowledge required
-> cardiac waveform of each subject



Contribution 1
Signal processing technique (I)

 Extract respiratory signal 𝑠𝑠𝑟𝑟 with lowpass linear-phase (Finite 
Impulse Response) FIR filter

 Normal RR of a healthy subject: ~12 bpm → 0.2 Hz
> 𝑓𝑓𝑠𝑠 = 333.33 Hz
> 𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0.3 Hz
> order = 300

 Heartbeat signal 𝑠𝑠ℎ = 𝑠𝑠𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 − 𝑠𝑠𝑟𝑟
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Contribution 1
Signal processing technique (II)

 Cardiac period (HR) estimation based on FFT spectrum
Typical human HR range: 40 to 200 bpm (0.667 Hz to 3.333 Hz)

Generic 
filter

 1º peaks detection for template signal design

Filter the cardiac signal 

~73.5 bpm
→ 0.8 s

15



Contribution 1
Signal processing technique (III)

 Template signal & final impulse response for RWAMF

…
1
𝑁𝑁
�
𝑖𝑖=1

𝑁𝑁

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑖𝑖

 The template signal is inverted in the 
time domain and perform 2º filtering 
on the cardiac signal.
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Contribution 1
Results (I)

 Final overall result 

 Output result: 
 i) higher amplitude;
 ii) sharp waveform;
 iii) peak is located at the 

center of the cardiac pulse.
17



Contribution 1
Results (II)

 Blood pressure waveform (BPW) reconstruction

Typical features of the aortic 
pulse pressure waveform

Average BPW reconstructed 
form the cardiac signal

 Each component, such as systolic blood pressure, pulse pressure, 
diastolic blood pressure, etc., can correspond to the theoretical 
waveform.
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Contribution 1
Results (III)

 Evaluation of system and algorithm performance across 16 subjects 
(different states / positions, 24 s/measur.)

 10 male and 6 female with an average
age of 32.6 years

Root Mean Square Error: 

 RR: 1.2804 bpm
HR: 1.6327 bpm 19

0.5321 bpm

0.7747 bpm



Contribution 1
Results (IV)

 Measurement position and BPW

(a) Cardiac waveform of position 1.
(b) Cardiac waveform of position 2.
(c) Cardiac waveform of position 3.
(d) BPW of position 1.
(e) BPW of position 2.
(f) BPW of position 3.

 Signal waveform is 
highly dependent on 
radar observation 
position.

 Pointing problem:
manual alignment is 
difficult. 20



Contribution 2
Enhanced Steering System

mmVital: Autonomous Radar Beam Orientation

Elevation (𝜌𝜌2)

Azimuth (𝜌𝜌1)

 Problem: Traditional setups 
require manual realignment, 
causing inefficiency

𝛼𝛼 = 2𝜌𝜌2
𝛽𝛽 = 𝜌𝜌1
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Contribution 2
Geometric Model

 The sensing region is defined as a Cartesian plane (𝑥𝑥, 𝑦𝑦) on the 
body surface at a distance ℎ from the radar.

 The ideal projection follows a hyperbolic trajectory formed by the 
intersection of the beam's cone and the measurement plane.

Linear approximation

 Mathematical transformation

𝑥𝑥 = ℎ tan𝛽𝛽

𝑦𝑦 =
ℎ

cot 𝛼𝛼 tan𝛽𝛽

𝜌𝜌1 ≈
𝑥𝑥
ℎ

𝜌𝜌2 ≈
𝑦𝑦
2ℎ

Taylor expansion

for 𝑥𝑥, 𝑦𝑦 ≪ ℎ

step size 𝛿𝛿
𝜌𝜌1 = 𝑗𝑗 +

𝑁𝑁𝛽𝛽 + 1
2 𝛿𝛿

𝜌𝜌2 =
1
2 𝑖𝑖 +

𝑁𝑁𝛼𝛼 + 1
2 𝛿𝛿𝑖𝑖, 𝑗𝑗: variables used 

to loop the rows 
and columns
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Contribution 2
Experimental Configuration

 Matrix dimensions: 
15 cm x 15 cm square area.

 Measurement starting point:
Xiphoid appendix (lower end 
of the sternum).

 Scanning Protocol:
Perform a coherent sweep 
across these 25 discrete 
positions, capturing vital 
signals at each node.

 Evaluation: the defined Jitter Indicator (JI) quantifies the stability of the 
detected vital signal by measuring the periodicity of Inter-Beat Intervals 
(IBI) based on its cardiac signal.

𝐽𝐽𝐽𝐽: standard deviation of a vector 𝑇𝑇 that 
represents the IBI between the peaks 
of the cardiac signal, and 𝑁𝑁 is the 
number of intervals.
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Contribution 2
Results (I)

 JI map: features a highly localized, distinct "cold spot" (deep blue) 
representing the lowest JI.

 Cardiac micro-motion waveform (CMW): can be used to 
characterize BPW, which conforms to the theoretical changes in 
arterial pressure waveform during propagation.

NOTE: The measurement results are output in the order of the 
scanning path, so the distribution of the results at each position 
in the actual body projection is shown in the figure on the right. 24



Contribution 2
Results (II)

 As the waveform travels 
distally along the arterial 
tree, systolic pressure 
increases and diastolic 
pressure decreases 
slightly, resulting in an 
elevated pulse pressure.
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Contribution 2
Results (III)

 Blood Pressure Peak Amplitude (BPPA): measures the 
maximum amplitude of chest wall mechanical vibration induced by 
cardiac activity.

 Beating Frequency Peak Amplitude (BFPA): measures the 
strength of the radar echo signal reflecting off the observed body 
region.

Heart area: 
maximum magnitude

Corresponds to the lower 
value area of the JI map.
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Contribution 3
Eyelid Dynamics Characteristics

 Radar based eyelid motion monitoring
> High sensitivity measurement
> Contactless technique
> Complex system with cameras

(e.g., illumination, privacy...) 

 Main application:
> fatigue detection

(e.g., driver monitoring...)
> Diagnosis of neurological

disorders
Collaboration with Hospital 
Sant Joan de Déu Barcelona

...
27



Contribution 3
Observation Horizontally

with face contribution

face cancellation

 The background 
contribution can be 
estimated by 
averaging consecutive 
maxima and minima 
magnitudes, allowing 
for the reconstruction 
of the face phasor.
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Contribution 3
Slanted Observation

 Blinking movements are 
detected at approximately 
𝑡𝑡 = 1,7.6,10.5,13.5,16.9,
19.7,22.5. The phase 
evolution clearly reflects 
the interval of the eyelid 
voluntary motion, closing 
and opening at 𝑡𝑡 = 2.9 and 
𝑡𝑡 = 6.4, respectively.
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Contribution 4
New Dataset of Radar Vital Signals (I)

Collaboration:
 Signal Processing and Communications 

Group (UPC)
 Hospital Universitari Germans Trias i

Pujol (HUGTiP)
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Contribution 4
New Dataset of Radar Vital Signals (II)
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Contribution 4
Algorithm & Dataset Cross-Validation (I)

 Resting
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Contribution 4
Algorithm & Dataset Cross-Validation (II)

 Apnea
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Conclusions

RADAR-ON-CHIP BASED TECHNIQUES FOR
WIRELESS VITAL SENSING AND IoMT
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 mmWave Radar-on-Chip
 120 GHz -> adequate for human micro-movements detection
 Low cost, compact hardware, narrower beamwidth

 RWAMF
 Robust biometric information
 Adaptive technique -> without prior knowledge
 Next Step: algorithm optimization for real-time processing to satisfy practical 

requirements.
 mmVital

 Optimal sensing position determination without manual intervention
 Limitation: long scan time -> speed optimization

 Eyelid Dynamics
 Eyelid micro-motions detection
 Challenges: in-cabin deployment & high-precision pointing

 Dataset
 High quality vital signals of healthy cohort
 In progress: patient vital signal dataset via our radar



Future Lines

Hemodynamics

Blood flow velocity and propagation 
based on distributed bistatic radar

Innovative Biometrics

Cardiac signatures analysis for new 
modality biometric identification 
and authentication
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