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Optimised waveform design for radar 
sensor aimed at contactless health 
monitoring  
 

M. Mercuri, D. Schreurs, and P. Leroux 

 
A 5.8 – 7.02 GHz radar sensor for remote health monitoring is reported. 
A proper radar waveform has been investigated aiming at fall detection 

and tag-less localization in home environments. The solution is based on 

a hybrid approach, combining continuous wave (CW) radar with 
stepped frequency features. Results show the ability on localizing 

persons and on distinguishing among normal and fall movements, also 

in practical circumstances. Moreover, the system satisfies the European 
and Federal Communications Commission (FCC) ultra wideband 

(UWB) spectrum masks. 

 

 

Introduction: The elderly population (60 years and older) in the world 

has been continuously increasing. This has resulted in a growing need 

for health monitoring approaches in home environments. In particular, 

fall incidents are considered the most dangerous cause of accidents for 

elderly people, and represent also the third cause of chronic disability. 

The rapid detection of a fall reduces the mortality risk, increasing the 

chance to survive to the incident and to return to independent living [1].  

Fall monitoring is currently being achieved by active involvements 

(e.g., pressing a button) or wearable sensors (e.g., accelerometers). 

However, persons in an emergency situation might no longer be able to 

do an action or simply forget to wear the sensor. These limitations can 

be avoided using wall or ceiling mounted sensors as remote monitoring 

devices’ solution. In the last two decades, the attention has been focused 

on adopting radar techniques for contactless vital signs monitoring [2]. 

The adoption of radar techniques for fall monitoring is novel.  

Namely, current approaches for remote fall detection are based on 

video cameras, floor vibration, and acoustic sensors. However, due to 

the high number of “false positives”, these approaches are not able to 

work under real and practical conditions.  

In this work, a radar sensor, working both in the ultra wideband 

(UWB) and in the industrial, scientific and medical (ISM) radio bands, 

is proposed as a novel approach for contactless fall detection and tag-

less localization, meaning without the need for a radio frequency 

identification (RFID) tag on the person. 

 

Waveform design: The proposed waveform is based on a hybrid 

approach by which a single tone is alternated with a stepped frequency 

waveform. It has been designed in order to continuously monitor the 

speed of the target and to determine its absolute position every second. 

More precisely, in order to detect the speed, a single frequency signal in 

the ISM radio band of 5.8 GHz is employed to exploit the Doppler 

effect. This tone is alternated every second by a stepped frequency 

waveform working in UWB band. It consists of N coherent continuous 

wave (CW) pulses whose frequencies are increased from pulse to pulse 

by a fixed increment ∆f. Each pulse is T seconds long. In order to cover 

a range of 5 m, estimated to be the typical size of a room in private 

home, the frequency step ∆f has been fixed to 30 MHz while N = 35 has 

been chosen to obtain a range resolution of about 14 cm. This involves a 

total band N·∆f of 1.05 GHz positioned between 6 – 7.02 GHz. The 

pulse width T is 105 µs. It involves a stepped frequency waveform time 

interval N·T of about 3.7 ms. The signal power is -6 dBm. 

This designed waveform (Fig. 1) allows to avoid high-speed analog 

to digital converters and high level processors, rendering the sensor 

cost-effective, and at the same time it satisfies the European and Federal 

Communications Commission (FCC) UWB mask requirements. This 

contrasts the traditional radar systems. Namely, a CW Doppler radar is 

not able to determine absolute distances, while the pulsed UWB 

systems should reduce their waveform repetition time in order to satisfy 

the UWB spectrum mask and to have a proper transmit power level. 

This increases the data acquisition rate and the hardware complexity. 

 

Radar sensor system: The developed radar sensor is shown in Fig. 2. It 

consists of two wideband antennas separated by 4 cm to reduce 

coupling, a power divider, a low noise amplifier (LNA), an amplifier, 

an in-phase and quadrature (IQ) mixer, and a phase locked loop (PLL) 

with integrated voltage controlled oscillator (VCO). The system has 

been built using off-the-shelf packaged circuits while the antennas have 

been designed in-house in order to have a semispherical profile and to 

reduce backscattering. A microcontroller controls the PLL, in order to 

create the proposed waveform, and acquires the baseband I and Q 

components (Fig. 3).  

Since the transmitted and received signals are close in frequency and 

the dwell time T is short, the downconverted signal of the stepped 

frequency waveform consists of I/Q direct current (DC) levels. It 

involves that only two samples are acquired per pulse width T. The 

system requires two different data acquisition sample rates. These are 

determined considering 2 m/s as the maximum speed that the target can 

experience during a fall or a normal movement. This involves a 

maximum Doppler frequency of about 77 Hz. Considering the Nyquist 

theorem, the speed signal should be acquired at least every 6.5 ms. In 

between two signal samples, the stepped frequency waveform should be 

transmitted. This allows to detect the target’s absolute distance avoiding 

to lose samples for the speed signal. This operation is achieved every 

single second. A sample rate of about 3.8 ms is used for sampling the 

speed signal. This value allows to have a sufficient number of speed 

samples for the data processing, also taking into account the time 

interval N·T (about 3.7 ms) and the settling time needed to hop again to 

5.8 GHz. An acquisition time of 105 us is needed for sampling the 

baseband signal of the stepped frequency waveform (Fig. 4). 

 

 
 

Fig. 1 Designed waveform. 
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Fig. 2 Radar sensor. 

a Block diagram of the radar sensor 

b Picture of the RF part and microcontroller 

 

 
Fig. 3 I/Q baseband signal. The time axis is not in scale. In fact, the 

time interval (N·T) is about 3.7 ms while the ISM signal lasts 1 s. 

 

Experimental results and discussion: Experimental tests have been 

conducted in real-life conditions. In fact, furniture was positioned in a 

room where also metallic shelves were present causing typical room 

environment clutter reflections. Moreover, the human under test was 

free to move. However, currently only frontal falls have been 

considered. Measurements have been performed with the radar sensor 

fixed both on the ceiling and on the wall. 
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Fig. 4 I and Q baseband signals of the stepped frequency waveform. 

The pulse width T is 105µs. Each pulse reaches its DC level after a 

settling time of about 60 µs. After that time, the signal is acquired. 

 

The system is able to determine the absolute distance of the target with 

a resolution of about 14 cm (Fig. 5), and also to distinguish a fall event 

from walking, running, and sitting down movements. Figs. 6 and 7 

regard the radar sensor fixed to the ceiling. More precisely, during a fall 

(Fig. 6), the speed continuously increases until the person reaches the 

ground. It has to be specified that an inflated mattress has been used for 

invoking falls, and that is why the signal does not stop suddenly. During 

a walk, Fig. 7, the speed is rather constant during the movement and 

decreases when the person is below the antennas because the radial 

speed in zero. This contrasts to the case of radar fixed on the wall, 

where the speed signal results are quite constant over time. A data 

processing algorithm based on machine learning techniques is 

developed to distinguish automatically between fall events and other 

movements. 
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Fig. 5 Absolute distance of a standing person with the sensor fixed on 

the wall. It is obtained applying the inverse fast Fourier transform 

(IFFT) to the N I/Q samples of the stepped frequency waveform. 
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Fig. 6 Speed signal during a fall event. The frequency of the signal is 

proportional to the radial velocity of the person during the fall.  
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Fig. 7 Speed signal during a walking movement. The frequency of the 

signal is proportional to the radial velocity of the person walking. 

Conclusion: An optimised waveform has been investigated and 

designed for a radar sensor aiming at fall detection and RFID tag-less 

localization in home environments. The system is able to localize a 

person and to distinguish fall events from normal movements with good 

accuracy. Measurements, conducted in real environments with the 

person free to move, have demonstrated the feasibility of this approach. 

Moreover, the waveform allows to satisfy the European and FCC UWB 

mask requirements while avoiding both high-speed data acquisition and 

related hardware complexity.  
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