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Abstract:  We present a design for a 868 MHz microwave 

Doppler radar system integrated in a foam mattress for 

measurements of cardiac and respiratory activity from the 

back of a subject. For this application, lower frequency 

and higher penetration depths promise a deeper physio-

logical characterization than previously proposed radar 

systems at 2.4 GHz and above. Within this contribution 

we present preliminary results from a proband study 

which prove the applicability of the proposed system. 
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Introduction 

Over the past few years, progress has been made in the 

optimization of continuous-wave Doppler Radar systems 

for sensing cardiac and respiratory motion activity from a 

distance by measurement of surface motion in the far-

field [1,4,5]. Physiologically, the quantity to be measured 

in this approach is cardiac and respiratory motion s of the 

chest wall. Technically, basic principle of these systems is 

a two-antenna system where the phase shift φ between 

transmit and receive signals is directly proportional to s: 

 s





4    (1) 

For this purpose, recent work focusses on frequencies 

with low penetration depth such as f = c/λ of 2.4 GHz, 

24 GHz and 60 GHz.  

Contrary, for special applications, measurement from the 

back at small distance may be useful: Beyond sleep moni-

toring and bed sensors, current works list triggering of 

medical devices [2] and resuscitation monitoring [3]. Due 

to small surface motion of the back wall, in this case a 

lower frequency and thus higher wavelength promises a 

better signal quality. This contribution therefore proposes 

a setup based on a radar frequency of 868 MHz and pre-

sents first results which were gained in a proband study 

using 18 healthy subjects. 

  

 

Methods 

Basic concept 

Our work focusses on a radar frequency of 868 MHz 

where penetration depth in muscle is about 4.3cm (wave-

length 4.6 cm) [6]. This also shows that our work takes 

place completely in the near-field of the antennas. Thus, 

equation (1) does not readily apply.   

 

Antenna design 

We optimized a pair of patch antennas for integration into 

a foam mattress next to the surface (distance to skin 

1 mm, a thin shirt is also possible), as presented in [7]. 

Outer geometry of these antennas is determined by opti-

mization in a high-frequency model of the body (see 

fig.1); bandwidth is artificially increased by using a “U” 

profile and using a thick Teflon layer and thus higher than 

150 MHz in order to provide independency of individual 

dielectric parameters of the body. Furthermore, for opti-

mal coupling, we use a through-hole microstrip feed line. 

       

Figure 1: Patch antenna layout and setup geometry  

 

Electronics concept 

For generation of the transmit signal we use a local oscilla-

tor. This transmit signal is mixed with the receive signal in 

an I/Q demodulator in order to extract amplitude and phase 

information. 

 

 

 

 

 

 

Figure 2: Electronics concept  

 

Measurement setup 

To characterize our signals, the Radar components are meas-

ured in parallel to classic ECG, pulse ear clip and respiration 

belt sensors using ADInstruments sensors and synchronous 

A/D converter PowerLab 35/16. Sampling rate is 2 kHz. 

 

Measurement procedure and subjects 

22 recordings of 18 healthy subjects (avg. 27 y, 1.80 m, 

80 kg; 4 female) were measured for 10 minutes each in 

the relaxed, lying state with the antennas located on the 

upper back with a fixed reference on the proband’s neck. 

 

Signal processing 

Demodulated components I and Q are transformed to 

(global) Amplitude A and Phase P signals via 
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For elimination of thermic drift and change of coupling 

conditions (e.g. sweat), a 10 s-windowed moving average 

is subtracted from all signals.  

For separation of signal components, respiratory activity 

is extracted by FIR-based low-pass filtering at 0.5 Hz, 

cardiac activity by band-pass filtering 1 Hz .. 40 Hz. 

Characterization in frequency domain is performed using 

windowed FFT (Hamming-window) on 1 min segments 

and averaging of the results. Thus, resolution in frequency 

domain is 0.015 Hz. Rates are determined using a maxi-

mum search in the resulting power spectrum. 

 

Results 

The following image gives an example of the normalized 

power spectrum of both radar signals and the reference 

signals (before separation by filters and averaging). Res-

piratory information dominates the phase signal; cardiac 

information is mostly contained in the amplitude signal. 

 
Figure 3: Signals example in frequency domain (normalized 

power spectrum) of a subject at heart rate 90 bpm  

 

Using a +/-10 % tolerance band around the reference rate, 

both respiration and heart rates may be extracted correctly 

in 90.9 % of recordings. Errors in respiration rate are 

driven by limited frequency resolution; cardiac infor-

mation is suppressed by electronic noise in 2 recordings. 

.  

Figure 4: Bland-Altmann plots for the matching of respira-

tion and heart rates 

 

The following images give examples of the filtered (and 

synchronized) signals in the time domain.  

 
Figure 5: Respiration signals example 

In our measurements, cardiac activity information is bet-

ter visible in the amplitude, which is due to phase noise in 

our setup which masks the cardiac information. 

 

 
Figure 6: Cardiac signals example 

 

Discussion 

Our setup shows the feasibility for integration of opti-

mized antennas into a mattress setup – although signal 

information is lower than using the standard sensors. 

Contrary to simple not-optimized patch antennas that we 

used in a first test run in the past, the setup proved to be 

robust to motion in the vicinity of the subject. 

Our further studies will concentrate on the behaviour and 

modelling of the signals in time domain where the main 

challenge lies in separation of the cardiac component 

from the dominating respiratory signal.  
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