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Abstract — This article presents the concept of using a noise radar implemented on a UAV (Un-
manned Aerial Vehicle) and its actual application as a component of a system for remote triage
procedures for injured people. The solution utilizes a broadband radar with a continuous noise
transmitted signal, an analog correlation detector, and a fixed analog delay line. The radar operates
at a frequency of 9.2 GHz and enables the detection of micro-movements on the order of tens of
micrometers. The noise radar enables the reception of signals from a precisely defined range cell,
significantly reducing the level of jamming signals, and allows multiple UAVs with noise radars to
operate in the same area without interfering with each other. The article includes research results
on human vital signs, such as respiratory rate and heart rate, obtained using remote sensing.
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INTRODUCTION

Observing the main trends in the development of modern medicine allows us to identify a trend
toward non-invasive measurement of human biomedical parameters. This condition is largely met
using non-contact sensors. Furthermore, it is advisable that the total response time and result
processing time be short enough to allow measurements to be performed continuously (online)
and enable real-time analysis of measurement results. The development of telemedicine and the
observed trend toward home hospitalization as an alternative to in-patient treatment have led to
a demand for sensors that perform non-contact measurement and wireless data transmission.

They have potential applications, for example, in specialized centers supervising patient
treatment or monitoring their condition during the period of monitoring the body condition of staff
employed in positions with psychophysiological predispositions. Measurement devices that meet
these criteria can be implemented using various types of microwave sensors, including those
operating on the Doppler radar principle. The use of microwave sensors operating in the
telecommunications band in one of the ISM (industrial, scientific, medical) bands, reserved for
industry, science, and medicine, can reduce the cost of the sensor itself through the use of COTS



A noise radar implemented in UAV for remote human vital-signs detection

(commercially available off-the-shelf) technology. Additionally, it can facilitate the transmission of
measurement data to a collection point for medical analysis conducted by professional medical
services. Microwave systems performing sensor functions can be small. Digital signal processing
capabilities, using signal processors and FPGA (field programmable gate array) devices, are
a convenient starting point for expanding the functional capabilities of such sensors and improving
their accuracy and reliability.

As far as radars are concerned for detection of vital signs usually the techniques for two most
important vital parameters estimation are developed: respiratory rate (RR) and heart rate (HR).
Radars used for remote detection of vital signs can be divided into three main groups [1], in general.
The first group consists of Doppler radars with a fixed transmitted frequency [2-4]. The second
group consists of linear frequency modulation (FMCW) radars [5-6]. The third group are radars
emitting UWB broadband signals [7].

The main field of application is monitoring the RR and HR parameters of the tested personin a
closed defined environment, e.g. lying position or hospital or sitting position for monitoring the
vehicle driver.

Part of the research work focuses on solving the problem of distinguishing received signals from
several objects, i.e. people in the radar measurement field [8].

A separate and interesting line of research involves measuring a person's vital signs using radar
mounted on a UAV [9]. The primary application is searching for survivors in the event of disasters
or accidents. It's worth noting that this type of solution can also be used to assess the condition of
an injured person and conduct remote initial triage.

Various non-contact and remote techniques for respiratory-rate and heart-rate have been
developed and presented in the works indicated above. This paper concerns the design and
validation of noise radar as a one of key components of a complex system for injured soldiers
finding, triage and field evacuation. The radar is a component of MILGEOMED research project and
platform for multisensory detection, decision support and reactiont. The main objective of the
project is to reduce the mortality and disability of people injured in armed conflicts by developing
a method for rapid assessment of the vital functions of injured people using unmanned aerial
platforms equipped with imaging sensors and biomedical sensors, including a noise radar.

The main aim of the work is the development of the noise radar integrated onboard of an UAV
for remote measurement and estimation of respiratory rate and heart rate of a potentially injured
person. The work consists of the concept, design, realization, and validation of the dedicated noise
radar. The results of the in-vivo trials, conducted with the authors have been presented in the
paper.

1 NOISE RADAR DESIGN

1.1 INITIAL ASSUMPTIONS

The noise radars are the radars which use random or pseudo-random signals for target
illumination. Correlator receiver is a typical element entering into the noise radar. Its fundamental
parameters are the following: broad signal band, low power density, and capability to ensure high
responsivity of receiving devices using non conventional methods [10-14]. Due to the noise radar's
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intended use as a human activity sensor, which will be mounted and carried by unmanned aerial
vehicles (UAVs), a compact design was chosen. The measurement range, i.e., the distance from the
radar to the measured person, was set at 2 meters. The radar's center frequency is fo = 9.2 GHz.
The second important parameter is the radar's operating bandwidth. For the noise radar, the noise
signal bandwidth B = 1000 MHz was assumed.

1.2 ANALOGUE SOLUTION FOR DIRECT CORRELATION DETECTION

The analysis of detector operation was carried on the basis of schematic diagram shown in
Figure 1 [15-17]. Let us assume that the transmitter generates a signal in the form of a narrowband
noise of Gaussian distribution with mean value equal zero.
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Fig. 1. Schematic diagram of quadrature detection of the noise signal in the correlation
detector

Signals in the individual points of the system can be described in time domain as follows:
Sy (t)=X(t)cos(am,t)—Y(t)cos(aw,t) (1)
where X(t) and Y(t) are the independent stationary random processes of Gaussian distribution with

mean values equal zero and av is the median angular frequency of the band occupied by noise
signal.

SNDL(t)zklsN (t_TDL) (2)

5, (£)=ksS, (t—z—Dj )
C

where D is the instantaneous distance between the radar and the object, Tou is the time delay in
the delay line, cis the speed of light and ki, ka are the signal attenuation coefficients for delay line
and propagation space, respectively.

Further, a correlation function variability for a noise signal in the limited band will be performed
as well as the parameterization of correlation function variables will be executed. This procedure
will allow to identify a static characteristic of a movement detector. A normalized autocorrelation
function of a signal in a limited band can be de-scribed by relation (4) [18], and its course is shown
in Figure 2.
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() =5 (sin(2rt,r) =sin(2rtr) @

where B = f,—fi is the noise frequency band.

It can be seen in Figure 2 that two factors — a fast varying factor and a low varying one — have an
influence on a variability course of the normalized autocorrelation function r(z). The first factor
depends on a rate of sinus function changes, i.e. on variation rate of its argument, namely the 2nfor
product, where fo= (f— f1)/2.
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Fig. 2. The course of normalized autocorrelation function.

The higher median frequency of a microwave band taken up by noise signal, the higher variation
rate of the sinus function. On the other hand, the second factor is related to variations of the
envelope of the autocorrelation function and next depends on the Bt product in this way, that the
broader signal band — the higher autocorrelation function envelope rate for fixed t increments.
Both factors are a function of the delay time . For a noise radar with microwave correlator, delay
time depends on the momentary distance D of the detected object to the noise radar, according
to formula (5):
T:Z(D_Dcmr) (5)
o

where Dcorr is the distance for which the value of mutual correlation of a signal received by the
radar and a signal delayed in the fixed radar delay line corresponds to an operating point P.

The operating point P can be selected in an arbitrary way on any linear part of the | and Q
characteristics of the quadrature microwave correlator in the major lobe of its envelope. In this
case delay time t can be expressed by distance or distance variation D with respect to Dcorr. Taking
into account the above statements, the t = o = 1/(4fo) object-to-radar distance will be analyzed.
This case corresponds to the point P in Figure 2. After expanding the function (4) into the Taylor
series in the neighborhood of the point P one may get:

)=r(e)+ N (ery) ©

=1

22



JAEEE Volume 8, No. 1 /2026

For real noise radar systems the relation B/(f2+f1) << 1. After determination of the r(t) derivative in
the point T=Tpand substitution r(to) = O for the accepted expansion point P, the expression (6) takes
the form:

r(r)=-2xf,(r-1,) (7)

Factor (t — 1) = Art, according to (5), depends on position variations of the object. So, the
parameterization of the function (7) can be made in the following form:

Az(D) =M
C
4P, (®)
Ugy (AD)=— “f AD
C

where Uowt is the voltage | or Q at the outputs of the microwave quadrature correlator, a is the
coefficient related to the correlator system and conditions of the noise signal propagation, Pn is the
power of the transmitted noise signal, and AD = D — Dcorr.

Relationship (8) describes the static characteristics of a motion detector. It is clear that the
sensitivity to changes in the detector-to-target distance of a noise radar with a microwave
correlator is proportional to value of the center frequency of the noise signal band (the higher the
center frequency, the higher the sensitivity). This property of the microwave correlator was used
to design a noise radar for detecting breathing and heart rate.

13 BLOCK DIAGRAM

Due to its intended use as a human activity sensor, the noise radar should be designed as
a continuous noise radar with a Front-End receiver equipped with a quadrature analog correlator.
The radar should operate at a sufficiently high center frequency with a sufficiently wide bandwidth.
This solution allows for the construction of a highly sensitive radar motion detector. The block
diagram of the proposed noise radar is shown in the Figure 3.
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Fig. 3. Block diagram of the noise radar.

A noise signal transmitter emits a probing signal into space, which, after reflection from the target,
is received by the receiver. Simultaneously, a portion of the transmitted signal is fed to an analog
delay line, where it is delayed by a predetermined time. The delay time can be fixed or tunable.
The receiver is equipped with two channels: one for the received signal and the other for the
portion of the transmitted signal delayed by the delay line. After quadrature demodulation, the
receiver performs analogue correlation giving output pairs of | and Q signals. If the delay time is
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equal to the time it takes the electromagnetic wave to travel from the radar to the target and back,
a correlation peak will appear at the correlator output, which allows for distance estimation. It is
also possible to determine the target's velocity relative to the radar through correlation analysis of
the signals in the Doppler shift domain.

The transmitter should generate a stationary and ergodic random signal with a zero mean value,
a normally distributed probability density function, and a uniform power spectral density
distribution within a limited frequency band. The primary sources of stationary random waveforms
in microwave noise generators are primarily semiconductor diodes operating under avalanche
breakdown conditions or temperature-controlled resistors. The power spectral density distribution
of these generators is shaped by a process of filtering and amplification of the noise signal, which
can be implemented directly on the noise signal or by shifting the signal spectrum into the
microwave frequency range. The microwave noise generator used in this project consists of three
main parts:

» anavalanche diode was used as the primary current noise source with a diode power
supply circuit, whose task is to precisely maintain the operating point and, as a result,
control the avalanche current generation process;

> noise signal power amplifier circuit;

> anoutput matching circuit, which determines the level and shape of the output noise
power spectral density and the generator's output impedance.

The noise radar receiver was designed as a direct amplification receiver with an analog microwave
correlator, which was described in Section 1.2. This device performs the operation of multiplying
signal values at specific times and averaging this product over a selected time interval T,. The
operation of determining the correlation function is performed as a function of time in an analog
manner. In this noise radar design, a constant distance of 2 meters to the measured object was
assumed. Therefore, the reference delay line has a constant time delay equal to the EM wave
propagation time over a round-trip distance of 4 meters. A constant delay section corresponding
to twice the distance to the object can be implemented as a coaxial line segment wound into the
radar housing. This is not an electronically controlled element and will not be included in the
detailed design.

14 NOISE RADAR PROTOTYPE

The noise radar transmitter consists of the following components:

> Noise exciter with NoiseCom NC401 diode,

»  WBA 80180B transmitter medium power amplifier,

»  TBF-09001000-80S transmitter output filter,

»  MCLI PS2-101 transmitter output power divider.
The transmitter generates a noise signal in the 1000 MHz band at 9.5 GHz with output power of
-6 dBm for the antenna path and the reference path.

The transmitter was built using a hybrid structure. The probe noise signal exciter was
designed and manufactured based on monolithic MMIC-class microwave digital circuits and
a primary noise source in the form of an avalanche diode. This allowed for miniaturization of the
system and ensured stable operating conditions. Other circuits, such as the filter, power amplifier,
and power divider, were implemented as ready-made, standalone microwave circuits.

The noise radar receiver consists of the following components:
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»  WBA 80180C low-noise microwave amplifier (LNA);
» 9.2 GHz noise correlator with GaAs pHEMT MMIC amplifier and GaAs MMIC I/Q mixer
downconverter;

» F1-9200-250-711 receiver input filter;

» WBA 80180B delay line amplifier;

» microwave delay line.
The microwave delay line as well as all lines connecting the individual noise radar components were
made using sections of RG 405 semi-rigid coaxial line. For realization of transmitting and receiving
antennas two standard horn antennas 8.2-12.4 GHz have been used.

2 RESULTS

2.1 IMPLEMENTATION OF THE RADAR SUBSYSTEMS IN UAV

In order to obtain maximum configuration possibilities of the mechanical structure of the noise
radar and the possibility of its installation in a dedicated UAV, a decision was made to make the
radar components in the form of separate blocks connected by coaxial lines. This allowed for
optimal use of the available space and arrangement of components in such a way as to provide
easy service access.

D - —

Fig. 4. Radar sensor integrated on common construction board.

X

Fig. 5. Radar sensor integrated with UAV (Hexacopter produced by Air Force Institute of
Technology, Warsaw, Poland).
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The entire integrated radar system occupies one layer of elements with a thickness of
approximately 4 cm and a circular surface with a diameter of 40 cm, which allows for installation
as a component directly attached to the UAV fuselage - Figure 4 and 5.

2.2 MEASUREMENT RESULTS

A noise signal transmitter emits a sounding signal into space, which, after reflection from the tested
object, is received by the receiver. Simultaneously, a portion of the transmitted signal is fed to a
delay line, where it is delayed by a predetermined time corresponding to the propagation of the
transmitted signal to the tested object and back for a predetermined distance. The receiver is
equipped with two inputs: one for the received signal and the other for the portion of the
transmitted signal delayed by the delay line. The radar receiver is designed to amplify and filter
signals induced in the receiving antenna. It also includes a quadrature analog correlation detector.
The receiver's output signals are two quadrature signals, | and Q, within a sub-detection bandwidth
of < 40 Hz. Figures 6 and 7 show the recordings of the output signals of the | or Q correlation
detector.
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Fig. 6. Time domain waveform at the output of the microwave correlation detector for
vital signs a) HR=70, BR=17, b) HR=67, BR=18
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Fig. 7. Time domain waveform at the output of the microwave correlation detector for
vital signs  a) HR=79, BR=24, b) HR=65, BR=16
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Figures 8 —11 show the spectrum of the output signal of the microwave correlation detector
for vital signs shown in figures 6a, 6b, 7a and 7b.
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Fig. 8. Spectrum of the output signal of the microwave correlation detector for vital signs:
heart rate HR=70 and respiratory rate BR=17
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Fig. 9. Spectrum of the output signal of the microwave correlation detector for vital signs:
heart rate HR=67 and respiratory rate BR=18
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Fig. 11. Spectrum of the output signal of the microwave correlation detector for vital
signs: heart rate HR=65 and respiratory rate BR=16

The mean absolute relative difference (MARD) for HR estimation obtained during field trials was
6.9%. This is a very promising result, although due to the formal testing conditions, the database of
measurement results was limited. Furthermore, the BR estimation is also very good, with
a maximum difference from the reference value of 3 breaths per minute.

3 CONCLUSIONS

The suggested method of the analog correlation detection allows to construct radars which
make precise measurements of velocity and distance possible. The method uses an analog
correlation detection in the microwave band, in contrast to processing of received signal in the
primary band. This allows to precisely detect a movement using an internal structure of the
correlation function of a noise signal. The suggested design of a noise radar can be used, among
others, for monitoring the activities of living beings displaying, for instance, movements of the
individual parts of their bodies. The frequency range of noise radars covers an interval from 100
MHz to hundreds of GHz, and this is only a technological limitation at the current stage of
electronics development. The results of the work carried out indicate that the methodology for
designing and integrating an advanced noise radar demonstrator prototype on an unmanned aerial
platform has been achieved.

In vivo measurements conducted with the authors demonstrate the ability to detect breathing
and heartbeat in humans under near-real-world conditions at a distance determined by a delay
line, in this case 2 meters from the antenna.

An important fact that should be emphasized is the use of analog techniques to determine and
shape the correlation function by selecting noise radar parameters, such as the center frequency
fo, the bandwidth of the transmitted signal B, and the group delay of the fixed delay line To.. The
center frequency of the transmitted signal, determines the detection sensitivity (the slope of the
characteristic around the operating point), the bandwidth determines the width of the observed
distance cell (in the analyzed case, this width is 1 m), and the group delay value of the reference
line determines the distance to the observed space. This solution significantly reduces the impact
of reflected signals from other distance cells and ground reflections, so called clutter. It also allows
for changing the characteristics of the micro-motion detector by changing the parameters of the
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transmitting and receiving filters.
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