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Abstract. Heart Rate Variability, HRV, studies the variations of cardiac rhythm caused by the 

autonomic regulation. HRV analysis can be applied to the study of the effects of mental or 

physical stressors on the psychophysiological conditions. The present work is a pilot study 

performed on a 23-year-old healthy subject.  

The measurement of HRV was performed by means of two sensors, that is an 

electrocardiograph and a Laser Doppler Vibrometer, which is a non-contact device able to 

detect the skin vibrations related to the cardiac activity. 

The present study aims to evaluate the effects of a physical task on HRV parameters (in both 

time and frequency domain), and consequently on the autonomic regulation, and the capability 

of Laser Doppler Vibrometry in correctly detecting the effects of stress on the Heart 

Variability. 

The results show a significant reduction of HRV parameters caused by the execution of the 

physical task (i.e. variations of 25-40% for parameters in time domain, also higher in frequency 

domain); this is consistent with the fact that stress causes a reduced capability of the organism 

in varying the Heart Rate (and, consequently, a limited HRV). 

LDV was able to correctly detect this phenomenon in the time domain, while the parameters in 

the frequency domain show significant deviations with respect to the gold standard technique 

(i.e. ECG). This may be due to the movement artefacts that have consistently modified the 

shape of the vibration signal measured by means of LDV, after having performed the physical 

task. In the future, in order to avoid this drawback, the LDV technique could be used to 

evaluate the effects of a mental task on HRV signals (i.e. the evaluation of mental stress). 

 

  

Several studies state that there is a significant relationship between autonomic nervous system and 

cardiovascular diseases, showing an association between arrhythmias and variations in the sympathetic 

and parasympathetic activities (1–5).  

One of the most used markers of the relationship between cardiac activity and nervous system is Heart 

Rate Variability, HRV (6–9). It is the physiological phenomenon related to cardiac rhythm variability 

due to autonomic regulation; it is important not only for the prediction of cardiovascular risk (8), but 

also for the evaluation of different conditions, such as mental and physical stress (9–12), hypertension 

(13), diabetes (14) and pregnancy (10,15–17). The analysis of HRV allows to characterize the health 

and psychophysiological conditions of a subject, which cause changes in the balance between 

sympathetic and parasympathetic systems (18,19).  

In the past, HRV has already been used to characterize the effects of physical or psychological 

stressors on the balance of the autonomic nervous system (20). In fact, stressors can be associated to 

1.  Introduction 
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an increase in sympathetic cardiac control and/or to a decrease in parasympathetic control. In 

particular, several studies have focused on the effects of a physical effort on HRV (21–24). In (25), an 

inverse proportion between the intensity of the physical task and the variability of the heart rate has 

been reported. Luft et al. (22) have investigated the effects of physical efforts on the execution of 

cognitive tasks and the correspondent HRV variations; they have found no overall difference in 

cognitive performance pre- and post- test condition, and the revealed differences in HRV suggest an 

increased stimulation of both the sympathetic and parasympathetic systems. On the other hand, 

according to (26), the subject, after the execution of a physical task (i.e. in stress conditions),  is 

expected to show an increased Heart Rate; in addition, the High Frequency (HF) component of HRV 

signal is supposed to decrease. 

The present work is a pilot study (carried out on a participant) with the aim of evaluating the effects of 

a physical task on HRV. The measurement procedure involved the use of an electrocardiograph (ECG) 

and a Laser Doppler Vibrometer (LDV) for the non-invasive and non-contact assessment of the 

cardiac activity; LDV technique has already been demonstrated as an accurate and reliable means to 

assess physiological parameters (16,17,27–30). 

 

2. Materials and methods 

2.1 Measurement setup 

 

The experimental setup included the following instruments: 

 Laser Doppler Vibrometer (PDV 100, Polytec (31), sensitivity of 0.2V/(mm/s)); 

 Electrocardiograph (ECG) (MLA2540, ADInstruments (32), 5 Lead, Shielded Bio Amp 

Cable). 

A sketch of the measurement setup is reported in ‘figure 1’. LDV and ECG signals were acquired 

simultaneously using a proper A/D board (PowerLab 4/25T, ADInstruments (33), 12-bit). 

At first, a 23-year-old subject (male) was measured in rest conditions by means of electrocardiography 

and Laser Doppler Vibrometry, whose main advantage is being a non-contact sensor (27,30,34)); the 

signal (i.e. a velocity signal) had a time duration of 6 minutes, which is suitable for HRV analysis (20). 

Then, the subject was asked to make a 2-minutes run. ECG and VCG signals were recorded after 

having performed the task. During both the acquisition periods, the subject was asked to sit and stay 

relaxed. The LDV was placed on a tripod at distance of 0.5 m from the subject, with the laser beam 

directed perpendicularly to the skin surface, in correspondence of the carotid artery, so as to record the 

vibrations transmitted by the passage of the blood pulse in the underlying vessel. 

 

 

Figure 1. Sketch of the measurement setup 
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2.2 Data processing 

 

The first step of data processing consisted in the detection of the main feature of ECG and LDV 

signals, that is the R-peak and the V-peak respectively, as shown in ‘figure 2’. 

 

 

Figure 2. Example of main feature detection in ECG (top) and LDV 

(bottom) 

 

The applied detection algorithm was developed by the authors on the basis of (35) and is based on the 

geometrical shape of the signals (36). In particular, it performs the computation of two straight lines 

on a small subset of points, by means of a sliding window. Then, the angle included between the two 

straight lines is computed; by detecting local minima of the angle, it is possible to locate the main 

peaks of the two considered signals (i.e. ECG and LDV). 

The time location of ECG and LDV main peaks allowed to obtain the tachograms, i.e. the series of 

time intervals between two main features in a cardiac-related signal (37). Then, the HRV analysis was 

carried out by means of an open access software, named Kubios (38), considering both time and 

frequency domains. 

Among all the obtainable parameters (30), in this work the authors considered the following features 

in time domain (13): 

 RRavg [ms]: the average cardiac period; 

 RMSSD [ms]: the square root of the mean squared differences of successive intervals between 

two main peaks; 

 S2 [ms2]: the area of the ellipse obtained by means of Poincaré plot (14) (an example of this kind 

of representation is reported in ‘figure 3’). 

  

On the other hand, with regard to the frequency domain, the Power Spectrum Density (PSD) of the 

tachogram was computed, assuming equidistant sampling by means of interpolating techniques (39). 

In particular, the authors focused the attention on the following indices: 

 LF (Low Frequency): the percentage of the tachogram spectral content in the range 0.04-0.15 

Hz; it is commonly related to the activation of the sympathetic nervous system; 

 HF (High Frequency): the percentage of the tachogram spectral content in the range 0.15-0.40 

Hz; it can be considered characteristic of the parasympathetic nervous system activation; 

 LF/HF: the ratio of LF to HF, describing the balance between sympathetic and parasympathetic 

branches of the autonomic nervous system. 
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Figure 3. Example of Poincaré plot 

 

3. Results 

 

The chosen parameters (i.e. RRavg, RMSSD, S2, LF, HF and LF/HF) were computed for both the 

signals, ECG and LDV, in both the studied conditions, i.e. at rest and after performing the physical 

task. This aimed to verify the effects of the physical task on the Heart Rate Variability, and to evaluate 

the capability of LDV technique in HRV analysis considering different operative conditions. In ‘table 

1’ there are reported the results from ECG and LDV in time domain, while in ‘table 2’ the results in 

frequency domain are shown. 

 

  Table 1. HRV parameters in time domain, at rest and after the execution of the physical task        

 Rest After physical task       

 RRavg [ms] RMSSD [ms] S2 [ms2] RRavg [ms] RMSSD [ms] S2 [ms2]       

ECG 953 28 988 710 17 638       

LDV 954 27 900 702 17 615       

           

  Table 2. HRV parameters in frequency domain, at rest and after the execution of the physical task        

 Rest After physical task       

 LF [%] HF [%] LF/HF [ ] LF [%] HF [%] LF/HF [ ]       

ECG 56 28 2.0 8 2 3.4       

LDV 56 27 2.1 12 30 0.4       
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4. Discussion and conclusions 
 

This pilot study aimed to evaluate the effects of the stress caused by a physical task on the heart rate 

variability and the capability of Laser Doppler Vibrometry, a fully non-contact technique, in assessing 

HRV in different conditions. The results from both the used sensors confirm the initial statements; in 

fact, after having performed the physical task, the subject showed a relevant percentage increase of the 

Heart Rate (i.e. 26 %) and a very significant decrease of HF content (i.e. 85 %) was computed in the 

PSD of the tachogram signal. 

The measurement, performed on a 23-year-old healthy subject, at rest and after the execution of a 

physical task, showed variations in HRV parameters, in accordance with the literature (22,26). 

Indeed, the comparison of HRV parameters derived from ECG signal in the two considered 

measurement conditions has put in evidence: 

 a decrease of RRavg, RMSSD and S2, which is consistent the reduction of HRV caused by the 

execution of the physical task; 

 a decrease of HF content and an increase of LF/HF ratio, which is related to the reduced 

capability of the subject in varying the heart rate in response to the execution of the physical 

task. 

LDV measurements provided results comparable with the gold standard method (i.e. ECG) in the time 

domain, while there are significant deviations in spectral parameters. 

The aforementioned considerations allow the authors to state that HRV analysis in stress condition can 

be accurately performed in time domain by means of both ECG and LDV sensors. Anyway, the stress 

due to the physical task cannot be correctly quantified by considering the analysis of HRV in the 

frequency domain performed by means of LDV signals. This may be due to the movement artefacts 

caused by the strain of the subject after the execution of the physical task (in this case, the subject can 

be laboured, so that laser beam is not directed in a stable point).   

However, it is of utmost importance to consider the LDV advantage of being a non-contact technique; 

in fact, this can be spent on carrying out measurements on particular subjects, such as (preterm) 

neonatal patients, who would be upset by the application of ECG electrodes.  

Therefore, LDV technique should be further explored in the evaluation of stress through HRV 

analysis, trying to avoid the effects of movement artefacts; in this direction, another possible field of 

application could be the study of  the effects of a mental task on HRV by means of the considered non-

contact technique, so avoiding the problem linked to movement. 
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