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Abstract. The aim of this study was to develop a prototype system to monitor 
cardiac activity using microwave Doppler radar (24.05 GHz frequency, 7 mW 
output power in average) without making contact with the body and without 
removing clothing; namely, a completely noncontact, remote monitoring sys-
tem. In addition, heart rate and changes in heart rate variability (HRV) during 
simple mental arithmetic and computer input tasks were observed with the pro-
totype system. The experiment was conducted with seven subjects (23.00 ± 
0.82 years old). We found that the prototype system captured heart rate and 
HRV precisely. The strong relationship between the heart rates during tasks  
(r = 0.963), LF (cross-correlation = 0.76) and LF/HF (cross-correlation = 0.73) 
of HRV calculated from the microwave radar data and from electrocardiograph 
(ECG) measurements were confirmed.  

Keywords: noncontact monitoring, microwave radar, heart rate variability. 

1   Introduction 

“Ubiquitous technology” is interpreted in some terms, however, it means essentially 
that user does not feel the presence of any device and sensing. The sensing technique 
unnoticeable to the users is one of the important elemental technologies for creating a 
ubiquitous info-communications environment. 

Recently, nonrestrictive and noninvasive sensing techniques to measure vital signs 
have been actively researched and developed. Examples include using a strain gauge 
[1], pressure sensors [2], and a piezoelectric polymer called polyvinylidene fluoride 
film (PVDF) in sensors [3] used to measure heartbeat and respiration from the sub-
ject’s dorsal body surface. This kind of sensing technique is useful for patients who 
have suffered heavy burn injuries and serious lacerations, because it avoids having to 
paste electrodes directly onto the body. Furthermore, patients who should be isolated 
because of the risk of secondary infection resulting from exposure to toxic chemicals 
or infectious organisms are treated in an isolator and in such cases a stable remote 
sensing method is needed to measure vital signs from outside of the isolator.  
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We have previously reported on a complete noncontact system for monitoring res-
piratory rate and heart rate using a microwave radar antenna at 1215 MHz to measure 
the vital signs of casualties inside an isolation unit [4, 5]. In addition, we developed a 
noncontact method using a ceiling-mounted microwave radar to monitor the respira-
tory rates of subjects in bed through their bedding [6]. These methods are aimed at 
detecting motion at extremely minute scales on the body surface caused by cardiac 
and respiratory motion. The method was originally developed to search for survivors 
under earthquake rubble [7, 8]. Microwave radar has the following characteristics: (1) 
microwaves can be transmitted through most objects except metals and water; and (2) 
it is possible to detect movement of the object from some distance and without actu-
ally needing to touch it. If we attempt to use this system for humans, it is possible to 
observe the motion of the body surface from some distance without removing their 
clothing. 

We have already tried to monitor changes in HRV that are induced by stressful au-
dio stimuli using a noncontact measurement system with a 24 GHz compact micro-
wave radar, which can easily be attached to the rear surface of the back of a chair [9]. 
The aim of this study was to develop a prototype of the same type of system for car-
diac monitoring, using microwave radar without making contact with the body and 
without removing clothing-namely, a complete noncontact, remote monitoring sys-
tem. In addition, heart rate and changes in heart rate variability during tasks were 
measured by utilizing the system. 

2   Prototype System 

The prototype system for noncontact cardiac monitoring we designed consisted of a 
microwave Doppler radar antenna (Tau Giken Co., Yokohama, Japan), a device for 
controlling the power supply to this antenna, and a PC for analyzing the output data 
from the antenna. The frequency of this microwave radar antenna for cardiac monitor-
ing was 24.05 GHz, with a normal average output power of approximately 7 mW (the 
maximum output power is under 10 mW). The diffusion angle (θd) of the microwave 
radar antenna is about 40º, the antenna gain is 10 dBi, and the electrical field intensity 
is 0.7 mW/cm2. This antenna has approximately the same specifications as that used 
in our previous research [9]. 

Damage caused by electromagnetic waves has been discussed in the literature, es-
pecially in the case of human applications. At frequencies over 3 GHz, the electrical 
field intensity limit is 1 mW/cm2 according to the guidelines for radio waves estab-
lished by the Telecommunication Bureau of the Ministry of Internal Affairs and 
Communication in Japan. Also, the 24.05 GHz frequency of our device is within the 
frequency band for normal use of radio waves as approved by Japanese law. 

Before input into a PC for analysis, data were acquired at a sampling frequency of 
100 Hz using an A/D converter (USB-6008, National Instruments, Texas, USA). 
After digitization, the data were analyzed by a system we developed using a Lab-
VIEW (National Instruments, Texas, USA). In this analyzing system, in order to re-
duce noise and select data related to the motion associated with heart rate, a band-pass 
filter was used for transferring data from the microwave Doppler radar antenna. This 
filter was set between 0.5 Hz and 2.5 Hz; this setting covers a range of 30 to 150 
heartbeats per minute. 
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3   Experiment 

3.1   Experimental Settings 

Experiments to measure heart rate and changes in HRV using the prototype system 
were conducted. At the same time, the ECG was measured by the contact monitoring 
system using normal electrodes. We compare the results for the ECG with the results 
acquired by the prototype system. 

The subjects were employed seven healthy male subjects (mean age 23.00 ± 0.82 
years; range 22–24 years). Each subject wore a 2 mm-thick cotton T-shirt and sat on a 
chair with mesh back composed of 2 mm-thick polyester plastic (Baron-Chair, Oka-
mura Co., Tokyo, Japan) (see Figure 1). The distance of the antenna of the prototype 
system to the chair back was 30 mm, and it was placed about 60 mm to the left of the 
spine at around the level of the fourth intercostal space. 

Following a period of 2 minutes’ silence for resting, the subjects were asked to per-
form a simple arithmetic task with pairs of two-digit numbers for a period of 2 min-
utes. Two-digit numbers in randomly produced pairs were displayed on a personal 
computer screen. The subject calculated in his head and inputted the answer from the 
ten-key keyboard within 3 seconds. 

The subject rested his right elbow on the armrest of the chair and was directed to 
keep it there when he inputted the answers using the keyboard. All subjects were 
right-handed. We did not give the subjects any instructions on breathing, such as 
holding the breath, and informed consent was obtained from each subject. 
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Fig. 1. Setting position of a microwave radar antenna to measured dorsal point of the subject 

3.2   Analysis 

The output signals from the prototype system and a reference precordial ECG signal 
from the V5 position were sampled by the A/D converter with a sampling frequency 
of 100 Hz. Band-pass filters were used for the prototype system outputs to reduce 
noise and interference. The band-pass filters were set at between 0.5 Hz and 2.5 Hz; 
this model band-pass filter covers a range of 30 to 150 heartbeats per minute. After 
the filtering, power spectra of heartbeat intervals - as low frequency (LF) (0.04 - 0.15 
Hz), high frequency (HF) (0.15 - 0.4 Hz), and LF/HF—were calculated to monitor 
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HRV by using the maximum entropy method (MemCalc software, GMS Co., Tokyo, 
Japan); this system is normally used for medical research [10, 11].  

The intervals of the peaks in amplitude in outputs from the prototype system were 
assumed to correlate with the R-R interval for the ECG, and HRV was calculated by 
using peak-to-peak intervals in the output signal of the prototype system. The power 
spectra of HRV (i.e., LF, HF, and LF/HF) for R-R intervals derived by the ECG were 
also calculated by using the MemCalc software. Cross-correlations were examined for 
the LF, HF, and LF/HF derived from our noncontact system and the LF, HF, and 
LF/HF derived from the contact ECG system. Quantitative data are expressed as mean 
± standard deviation (SD). sample size was determined to achieve sufficient assurance 
for the paired t-test for relatively uniform subjects. 

4   Results 

4.1   Heart Rate 

Figure 2 shows sample data for subject S1 monitored for 5 seconds. Figure 2(A) 
shows the output signal of the ECG and Figure 2(B) shows the output signal acquired 
by the prototype system. While small phase shift between R-waves of ECG and the 
cyclic oscillations acquired by the prototype system was confirmed, however, the 
repeat cycles of the two systems were nearly identical. 

Figure 3(A) shows comparisons between the heart rates determined by the proto-
type system and those obtained by the reference ECG during the silent period of 2 
minutes’ rest before the tasks were performed. The horizontal axis indicates the heart 
rate calculated from the R-R interval in the data derived from the normal ECG. The 
vertical axis indicates the heart rate estimated by using the data from the prototype 
system using microwave Doppler radar. A strong positive correlation (r = 0.954) in 
the two indices was confirmed for all subjects. 

Figure 3(B) shows the correlation between heart rates determined by the prototype 
system and heart rates determined by the normal ECG during the performance of the 
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Fig. 2. Sample data for subject S1 monitored by two measurement systems in a 5–second period 



 Development of Non-contact Monitoring System of Heart Rate Variability 199 

 

arithmetic and computer input task (r = 0.963). The high correlation between the heart 
rates derived by the two systems was confirmed for all subjects irrespective or 
whether the subjects were performing the task or resting. Therefore, the prototype 
system measures heart rate stably and independent of the subjects’ task. 
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Fig. 3. Correlation diagrams for both the noncontact and contact monitoring methods under two 
conditions of resting and task performance 
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Fig. 4. Sample data for subject S1 showing changes in HRV for the noncontact and contact 
monitoring systems 
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4.2   Changes in HRV and Cross-Correlation between the Contact and 
Noncontact Monitoring Systems 

For both the prototype system using microwave radar for noncontact cardiac monitor-
ing and the normal ECG system for contact monitoring as a reference, the HRV pa-
rameter LF for subject S1 reflected mainly sympathetic activation (Figure 4(A)); they 
both showed a similar change at the 2-minute rest period and during the performance 
of the task. The HF for the same subject, reflecting parasympathetic activity, did not 
show any distinctive change during the mental arithmetic and computer input task 
(Figure 4(B)). The LF/HF for the same subject, reflecting sympathovagal balance, 
exhibited a peak during the task (Figure 4(C)). 

Table 1 shows the results of cross-correlations of HRV for the seven subjects 
monitored by the noncontact and contact methods during rest and task performance. 
Maximum cross-correlation values in LF between the noncontact and contact methods 
averaged 0.76±0.11 for the seven subjects. Maximum cross-correlation values in HF 
averaged 0.58±0.16 for the seven subjects, and maximum cross-correlation values of 
LF/HF averaged 0.73±0.15 for the seven subjects. 

Table 1. Results of cross-correlation of HRV for seven subjects measured by both the 
noncontact and contact monitoring systems 

 

5   Discussion 

We developed a prototype system using 24 GHz microwave radar for noncontact 
cardiac monitoring. Compared with other noninvasive measurement methods (i.e., 
strain gauge [1], pressure sensors [2], and PVDF sensors [3]), our method is com-
pletely noncontact and also does not require the removal of clothing. We designed the 
antenna with relatively small dimensions to obtain high gain with high spatial resolu-
tion; the small size also reduces the possibility of signal absorption through the human 
body, at 24 GHz more than with lower frequencies. In addition, a high gain allows a 
smaller area to be analyzed. As a result, a small antenna at 24 GHz is easier to inte-
grate into a monitoring system, and is suitable for civil applications.  

In order to evaluate the relationship between the intervals detected between peaks 
in the output signal acquired from the prototype system for noncontact cardiac moni-
toring and the R-R intervals measured by the ECG, the correlation of heart rates ob-
tained with the two methods was calculated. The results confirmed that peak-to-peak 

Subjects LF HF LF/HF
s 1 0.84 0.68 0.74
s 2 0.75 0.48 0.73
s 3 0.64 0.81 0.76
s 4 0.66 0.57 0.46
s 5 0.95 0.55 0.96
s 6 0.69 0.68 0.70
s 7 0.76 0.30 0.79

Average 0.76 0.58 0.73
SD 0.11 0.16 0.15
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intervals captured by our prototype system are quite similar to the R-R intervals cap-
tured by the ECG signal, because the estimated heart rates determined by using the 
data captured by our prototype system are roughly in accordance with actual meas-
urements. Results confirmed that our microwave system can capture information 
similar to that obtained with the ECG system. 

In addition, the changes in HRV measured by both methods were also similar, al-
though there were some differences in the absolute values. These results mean that 
our prototype system can capture signals with sufficient accuracy to calculate heart 
rate and HRV. This success is attributed to improved resolution with the higher-
frequency microwave radar. Other research has aimed at capturing heart rate [12, 13, 
14]; the frequencies used in those studies were from 1.6 to 2.4 GHz. In order to ob-
serve changes in HRV, accurate R-R intervals have to be captured. Our prototype 
system has a higher-frequency microwave radar antenna with a 24 GHz frequency 
and has the advantages of higher resolution and noninvasiveness. 

However, the signals for some subjects were sometimes distorted during task per-
formance. It is thought that this noise was caused by motions of the upper limbs induced 
by task performance. We predicted before the experiments that signals would be af-
fected by upper limb motion, because there is some space between the body and the 
microwave radar antenna, and the device can be affected by other body motions. How-
ever, this noise was observed in only some of the data during task performance, and 
high values of cross-correlation between HRV measured by the noncontact and contact 
methods during task performance in all subjects were confirmed. Future work should 
aim to resolve this problem by using filters with appropriate settings or by interpolation. 

At the start of this research, we thought that the sympathetic nervous activation re-
lated to task performance could be shown - namely, by LF and/or LF/HF increases or 
HF decreases. The results confirmed that LF/HF increased in many subjects; however, 
the trend of decreasing LF was confirmed for many subjects. It is thought the task 
difficulty and the 3-second interval set for each trial were not appropriate. It will be 
necessary to set a time limit or time pressure for each trial in future experiments. 

6   Conclusion 

We describe here a novel prototype system using microwave radar for noncontact 
cardiac monitoring that requires neither direct contact with the body nor the removal 
of clothing. We monitored changes in HRV during task performance with the system 
in efforts to monitor human autonomic activation induced by task performance. 

The antenna of our prototype system is relatively small and can easily be attached 
to office furniture in the workplace (i.e., to a chair back or chair arm). This means that 
the device is suitable for civil applications at a low cost. We will examine actual use 
in office settings in the future.  

The device is sensitive to other body motions since there is a space between the 
body and the microwave radar antenna. The signal processing becomes more delicate 
in the case of work associated with relatively large body motions. Therefore, there are 
many issues that need to be tackled on the road to using this remote sensing technique 
in the real workplace; this technique is still in an early phase of research. However, if 
it becomes possible to use it in the workplace, heart rate can be monitored without 
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large-scale equipment and without placing a heavy burden on the monitored individ-
ual. In addition, this technique of acquiring data related to cardiac activity without the 
need for direct contact with the body should contribute greatly to ensuring safety in 
the workplace since it can contribute to research in the areas of ergonomics and occu-
pational health. Furthermore, there is a possibility of applying this technique to the 
simple diagnosis of disease conditions [15]. Our method appears to be promising, not 
only for use in ergonomics research, but also in several other fields. 
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