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Healthcare Radar Project

INTRODUCTION

Measurement principle and project goal.

PROCESSING

Pre-processing, breath rate and heart rate extraction.

MEASUREMENT SCENARIO

Radar parameters and setup.

INTERMEDIATE RESULTS

Signal processing in practice.

Presentation Overview

FINAL APPLICATION

Video on measurement in near real-time.

SYSTEM TESTS

Distance, perspective, clothes, and body state tests.

CONCLUSIONS

Achievements and problems.
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Measurement ldea

Slight movements of the human chest reveal vital signs.

Heartbeat Component Radar Antenna

Al A ———

Respiratory Component ( (




Project Goal

ANALOG
RS » Develop and test a platform for a non-
contact measurement of heartbeat and
O respiratory activity at close distance
using ADI CN0566 radar.
Chest % i » The main focus of the project is on
( (( / developing a signal processing pipeline

using the MATLAB environment.




73 Y-i Healthcare Radar Project

1)
P IT]
U HPAIICN

Signal Pre-Processing

Range Compression Range Cell Choice

(FFT) (MTl-based)
Raw Signal » Range-Time Map » Slow Time Signal

Initial Signal Preparation

Y
Differentiated Phase

.

Breath Extraction ... Heartbeat Extraction ...




Encountered Problems

e Hardware limitations prevent
continuous recording of the signal. There
are significant gaps between data
frames.

* The slow-time signal contains slight
phase discontinuities causing
outstanding values after differentiation.
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Removing Averaging

Initial Signal Preparation /v ) St

z [signal_filled, timelLags, segmentDuration, start_samples, end_samples] =
63 fill_signal_gaps(radarSignal, FrameStartTimes, PRF);
segmentsBounds = [start_samples;end_samples];

phaseRaw = unwrap(angle(signal_filled));

reset_accumulated_phase(phaseRaw, start_samples,end_samples);

phaseRaw

phaseDiffRaw = compl_diff(diff(phaseRaw));
phaseDiff = phaseDiffRaw;

phaseDiff = filter_noise_peaks(phaseDiff, , 0, , FNP_NelighborSize,
, [start_samples;end_samples],
,FNP_ThresholdMultiplier, , FNP_ThresholdQuantile);
depth_samples = round(FixEdgesDepth * PRF);

phaseDiff = fix_edges(phaseDiff, start_samples,end_samples, depth_samples);
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Removing Outstanding Peaks

THRESHOLD-BASED METHOD

Differentiated Phase - Removing Outstanding Values

0.15 f — 1+ Function replaces mismatched

a1l Filtered _ values with an average of
]l adiacentones.

o LUt T T i m;/“""' JT—— | Thediscriminant function is
W an approximate derivative -

0.05 | | diff() in MATLAB.

o1 | Methodis used to eliminate
015 . . . S high-frequency interference.

200 230 600 6350 700
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condltlon_functlon = abs(compl _diff(diff(signal))); ‘
thresh = quantile(condition_function, ThresholdQuantile) * ThresholdMultipliler;
out_idxes = condition_function > thresh;
out_idxes_found = find(out_idxes);
idxes_to fill_matr = zeros(length(out_idxes_found),2*neig_size);
K= 13
shift = (-neig_size):neig_size
(shift ~= 0)
idxes_to fill matr(:,k) = out_idxes_ found+shift;
kK = k+l;

idxes_to_ fill matr(idxes_to fill _matr < 1 | idxes_to_fill matr > length(sigpal)) = nan;
original_size = size(idxes_to fill matr);
idxes_to fill matr = reshape(idxes_to fill matr,original_size(1l) * originall size(2),1);
[idxes _idxes_out] = ismember(idxes to fill matr, out_idxes found);
idxes_to fill matr(idxes_idxes_out) = nan;
idxes_to fill matr = reshape(idxes_to fill matr, original _size);
start_samples = SegmentsBounds(1, :); '
end_samples = SegmentsBounds(2, :);
valid idxes = zeros(size(idxes_to fill matr))

k = 1:1length(start_samples) ,

valid_idxes = valid _idxes + (didxes_to fill matr >= start_samples(k) & idxes to fill matr <= end_samples(k));

valid idxes = logical(valid_idxes);

idxes_to fill matr(~valid_idxes) = nan;

nan_idxes = isnan(idxes_to fill_matr);

Nnans = sum(nan_idxes, 2);
idxes_to fill matr(nan_idxes) = 1;

values_used = signal(idxes_to fill matr);
values_used(nan_idxes) = ‘ 1 0 (
predicted = sum(values_used, 2) ./ (2*neig_size - Nnans);
predicted(isnan(predicted)) = 0; [ ‘
signal _filt = signal;

signal filt(out_idxes_found) = predicted;
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Vital Signs Extraction Pipeline

Range Compression Range Cell Choice

(FFT) (MTl-based)
Raw Signal » Range-Time Map » Slow Time Signal

Initial Signal Preparation

A 4

Differentiated Phase NOW we agre her e

Breath Extraction ... Heartbeat Extraction ...
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Breath Extraction Pipeline

OUTPUT: HOW BREATH RATE CHANGES IN TIME

Linear
Differentatied Phase Interpolation Integration
in breaks
> High-Pass ng?}f:qiﬁ(;z' [Jime-Frequency
Filter 0.05 Hz > % Ridge Detection
ourier Transform




73 Y-i Healthcare Radar Project

)
a1l
/ NI

Heartbeat Extraction Pipeline

OUTPUT: HOW HEART RATE CHANGES IN TIME

: . Neare;t High-Pass Sho?r:nn;feorrﬁu”e
Differentatied Phase Interpolation : : :
S Eraatie Filter 5 Hz (with Window
FWHM = 0.25 s)

v

Summation in the High-Pass Autoregressive ynchrosqueezing
Frequency Axis F'ltg 05 H Prediction Short Time
from O to 20 Hz TREh2 NIE in Breaks ourier Transform

JTime-Frequency
Ridge Detection




Sitting, motionless position,
40-50 cm chest-to-antenna
distance.

ADI CN0566 Radar Parameters
* Pulse Repetition Frequency: 133 Hz
* Carrier Frequency: 10 GHz

* Single Frame Duration: 1.87 s (max.
possible)
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Breath Extraction Results
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Heartbeat Extraction Results

Short Time Fourier Transform (Heartbeat detection)
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-inal Results — Breath

Rate and Heart Rate
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Synchrosqueezed STFT| Breath Rate: 12.1156 BPM
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MATLAB fsst() and tfridge() functions.

Synchrosqueezed STFT. Heart Rate: 109.5856 BPM
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Conducted Experiments

Distance Perspective Clothing Body State
Test Test Test Test

—H 0.5m —  Front — T-shirt — Relaxed
( . \ (Thick \ (After
1 12m 1 Side "|Hoodie Exercise

—  Back




Distance Test-0.5m
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Distance Test-1.2m
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Perspective Test - Front
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Perspective Test — Side
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Perspective Test — Back
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Clothes Test — T-shirt
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Clothes Test - Thick Hoodie
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Body State Test — After Exercise 27

Displacement [nm] (Breath signal), Range cell: 55555
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Conclusions from the Experiments

In all tests shown, at least heart rate radar measurement was
approximately correct (validated using pulse oximeter, £ 5 BPM).

* Respiration measurement is often disrupted by breaks in the signal,
but in all tests shown, the breath rate is most probably correct.

* Proper aiming of radar antennas is critical.
* Random body movements cause the system to malfunction.

» Range cell choice algorithm often gives incorrect results. In some
tests, it needed to be hard-fixed.
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ACHIEVEMENTS

New, noise

resistant vital signs
extraction algorithms
have been developed,
optimized for ADI
CNO0566. The MATLAB
app canrun in near
real-time and gives
valid results in
various conditions.

PROBLEMS

* Respiration signal
is often distorted
by breaks in data.
Proper aiming of
radar antennas
is critical.
Random body
movements cause
the system
to malfunction.
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