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Abstract 

Title: HRV – ECG Generator: Software for Testing Heart Rate Variability Detection 

Author: Matthew Joseph Pogorelec 

Advisor: Mehmet Kaya, Ph. D. 

Heart rate variability (HRV) has been shown to serve as an effective diagnostic and 

prognostic tool in a variety of clinical applications, including for patients who have 

suffered from myocardial infarction, sepsis and liver cirrhosis.  There currently exist a 

variety of devices and software to quantify HRV based on RR interval series collected 

from ECG data.  However, as the uses for HRV expand, a greater variety of devices for 

different applications are being designed and developed.  Thus, it is useful to have 

available a method for efficiently testing preliminary software. 

The HRV/ECG Generator software is designed to build both an RR interval series and 

simulated ECG data based on user selected settings.  The data is built from one of three 

common HRV quantifier; LF/HF ratio, SDNN and RMSSD.  The user can also select a 

value for the quantifier from a preset range of values specific to each quantifier.  When 

tested by an established HRV software package, the simulated data was found to accurately 

reflect the predetermined value used to construct it for tested values within a realistic range 

for all quantifiers.  A suggested value range and acceptable percent error calculation is 

given for each individual quantifier that allows the user to determine if the program being 

tested is acceptably accurate in the early development stages.  
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Chapter 1 

Introduction 

Heart Rate Variability and Physiological Implications 

Heart Rate Variability (HRV) refers to the natural fluctuations in a person’s heart rate.  

Many factors are known to contribute to these variations.  The sinoatrial (SA) node, which 

is responsible for pacemaking in the human heart, receives a wide variety of inputs to 

control the pace of a person’s heartbeat.  Autonomic inputs fluctuate heart rate 

situationally, with norepinephrine release corresponding to high stress and activity 

situations and acetylcholine released in association with relaxed behavior (Gordan, 

Gwathmey & Xie, 2015).  Several endocrine hormones also have an effect on 

cardiovascular activity, such as epinephrine and dopamine (Gordan, et al., 2015).  Heart 

rate also varies in conjunction with respiratory activity, a phenomenon known as 

respiratory sinus arrhythmia (RSA) (McCraty and Shaffer, 2015). 

Several methods exist for quantifying HRV, in both the time and frequency domains.  In 

the frequency domain, the frequency spectrum, usually power spectral analysis obtained 

via a fast Fourier transform (FFT) algorithm, of heart rate data is often divided into 

frequency bands, as solidified by the Task Force of the European Society of Cardiology 

and the North American Society of Pacing Electrophysiology (1996).  These include high 

frequency (HF) for 0.15 Hz to 0.4 Hz, low frequency (LF) for 0.04 Hz to 0.15 Hz, very low 

frequency (VLF) for 0.04 Hz to 0.003 Hz and ultra low frequency (ULF) for 0.003 Hz and 

below (Cam, et al., 1996).  McCraty and Shaffer (2015) summarize many of the 

correlations between the major frequency bands and various physiological attributes.  They 

state that the HF band has been found to be indicative of parasympathetic activity and RSA 

variation.  Their research also shows that the LF band displays variation in HR due to 
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baroreceptor activity, maintenance of blood pressure via heart rate regulation.  McCraty 

and Shaffer also show that data in the VLF region is likely indicative of activity that is 

intrinsic to the heart itself and is considered to have the most physiological correlations, 

including correlations to posttraumatic stress disorder and low testosterone.  Long term, 

homeostatic regulatory processes, such as temperature and circadian rhythms and 

metabolic rate are evident in ULF band data (McCraty and Shaffer, 2015).  While the full 

frequency spectrum is often examined, the LF/HF ratio is also used in limited capacities 

and is calculated by most HRV software. 

Aside from frequency domain analysis techniques, several time domain statistics are used 

to characterize HRV.  The standard deviation of normal-to-normal (SDNN) heart beats 

measures the standard deviation of the beat to beat time intervals of heart rate data.  This 

value can be used as a predictor of mortality after acute myocardial infarction (MI) 

(Kleiger, et al., 1987).  The root mean square of successive differences (RMSSD) is 

another time domain method that has been thoroughly explored.  This is obtained by 

calculating the time differences between successive heart beats, squaring them, averaging 

them and then taking the square root of the result.  This measure has been shown to 

approximate parasympathetic effects on heart rate (McCraty and Shaffer, 2015). 

The testing of HRV has shown to have numerous clinical applications.  The most 

prominent of these is in testing of patients who have suffered from MI.  Studies have 

shown that various time domain and frequency domain measures have shown correlation 

with the risk of post-MI mortality dating back to 1978 (Brateanu, 2015).  HRV has also 

been shown to have diagnostic and prognostic applications in regards to cardiac autonomic 

neuropathy (CAN) (Metelka, 2014).  CAN has many potential causes relating to other 

preexisting conditions.  According to Balcıoğlu, et al. (2015), diabetes has the potential to 

cause a number of autonomic neuropathies, with CAN being the most common.  Diabetic 

CAN is a dangerous and oft overlooked secondary effect of diabetes that, studies have 

shown, can be detected prior to becoming clinically apparent via HRV testing (Balcıoğlu, 

et al., 2015).  CAN also occurs in patients with Parkinson’s disease.  Palma, et al. found 

that various heart rate variability measures were lower during sleep in Parkinson’s patients 



3 

 

when compared to controls, especially in the LF and VLF frequency bands during REM 

sleep (Palma, et al., 2013). 

In patients with sepsis, HRV proves to be a useful tool for predicting the development of 

multiple organ dysfunction syndrome and improving prognosis, since early diagnosis 

improves the effectiveness of therapies (Pontet, et al., 2003).  In liver cirrhosis patients, 

HRV has been shown to decrease significantly (Ates, et al., 2006).  Patients with liver 

cirrhosis also commonly develop hepatic encephalopathy, leading to cognitive impairment 

in patients (Mani, et al., 2009).  HRV has been shown to correlate to levels of cognitive 

impairment in liver cirrhosis patients that develop hepatic encephalopathy, according to 

Mani, et al. (2009).  HRV analysis may also assist in diagnosis of other neuropsychiatric 

conditions.  Kasanuki, et al. (2015) found that in patients with dementia, dementia with 

Lewy bodies could be differentiated from dementia as a result of Alzheimer’s disease by 

testing HRV.  It was shown that Lewy body dementia had consistently lower HRV values 

than Alzheimer’s disease across nearly all HRV parameters (Kasanuki, et al., 2015).  

Further, Polak (2018) suggests a correlation between HRV and vagus somatosensory 

evoked potentials, a potential method of early diagnosis for Alzheimer’s, although more 

research in this area is required.  Several studies have also linked severity of depression 

symptoms to a decrease in HRV parameters, followed by an increase in HRV parameters 

following antidepressant use and subsequent reduction of the severity of symptoms 

(Hartmann, et al., 2018). 

An abundance of research has been done to determine the possible prognostic potential of 

HRV for cancer patients.  A recent review by Kloter, et al. (2018) surveying a narrow 

range of studies found that, in the majority of the studies considered, lowered HRV was 

found to correlate with patient survival rate and survival time.  Patients’ whose cancer had 

metastasized were also found to have a lower HRV than early stage cancer patients (Kloter, 

et al., 2018).  De Couck, et al. (2013) found that, in prostate cancer patients, patients with 

higher HRV tended to have reduced tumor burden.  It is also suggested that vagus nerve 

stimulation, a major contributor to HRV, may have a protective effect against cancer 

development (De Couck, et al., 2013).  This is based on increases in metastasis rates in 
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mice in cases of reduced or eliminated vagus nerve activity (Erin, et al., 2008; Erin, et al., 

2004) and increased vagus nerve activity decreasing tumor burden as shown by Erin, et al. 

(2012).  The connection between HRV as a prognostic tool and vagus nerve activity as a 

guard against cancer progression is far from definitive and requires further research.  

However, the importance and clinical applications of HRV analyses is quite clear. 

HRV Detection Methods 

Due to its clinical significance, HRV calculation is highly valued in both research and 

clinical applications.  As such, a variety of software packages exist for determining the 

various HRV quantifiers.  Many ECG systems are available with a custom software for 

uploaded full ECG or R-R interval data to be analyzed, while others produce data in 

formats usable by preexisting software.  Software such as the Pathfinder SL from 

Spacelabs Healthcare is marketed for use by cardiologists in clinical settings (“Pathfinder 

SL”, 2019).  Other products, such as the Actiheart device and software from CamNtech, 

are marketed for personal use as an ambulatory monitor, used in calculating HRV and 

energy expenditure (“Actiheart 5 Overview”, 2019).  It has been shown that HRV can be 

useful for enhancing athletic training through methods such as quantifying fatigue levels 

and adaptation to endurance training (Schmitt, et al., 2015, Plews, et al., 2013).  There is, 

then, a market for software and devices that specifically target coaches, athletes and 

athletic training staff, aside from clinical and research applications.  Free software is also 

available online, such as Kubios and Artiifact, that allows for easy access to HRV analysis 

tools for research purposes. 

In-ambulance HRV analysis has been shown to have useful predictive input for patients 

during emergency interventions.  In a study by Yperzeele, et al. (2016), in-ambulance HRV 

was reduced in patients who experienced negative outcomes (prolonged hospitalization, 

ICU admission or death).  Data acquisition was also reported to have no negative effect on 

workflow of medical staff (Yperzeele, et al., 2016).  However, current technology, 

specifically a lack of portable, real-time HRV calculation solutions, limits the use of HRV 

in a prehospital setting.   
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The clinical significance of HRV analysis has been firmly established, as well as the 

potential applications of HRV in research and personal use.  Potential for creating HRV 

analysis software still exists for a variety of applications.  Therefore, it is prudent to have 

software available for easy testing of HRV analysis equipment, especially early in the 

design and testing phases.  The software designed in this thesis is built with this need in 

mind, resulting in a system capable of creating an ECG signal from one of three preset 

parameters commonly associated with HRV analysis.   
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Chapter 2 

Methodology 

Program Construction 

The HRV ECG Generator program was written and tested in MATLAB (MATLAB 2018a, 

2018).  The goal was to construct a program that could produce an ECG signal that could 

be used to evaluate various HRV testing algorithms and equipment.  This is done by first 

selecting the HRV quantifier in question.  The code presented here (see Appendix A for 

full program code) creates a RR interval spectrum based on one parameter at a given time, 

preselected by the user along with the parameter’s value.  The program is capable of 

generating a spectrum based on LF/HF ratio, SDNN or RMSSD.  The RR interval data is 

then used to generate an ECG signal.  The program then creates text files containing the 

RR interval data and ECG data as well as playing back the ECG signal as an audio file.  

This ECG signal is produced at a sampling rate of 1000 Hz (1 ms sampling interval) 

(Hejjel, et al., 2004).  It has been reported that this rate is both sufficient and recommended 

for time domain HRV measurements.  A sampling rate of 1000 Hz has also been used by 

market devices, including devices used in HRV data analysis experiments (Vanderlei, et al, 

2008). 

LF/HF Ratio Algorithm 

The method for producing the LF/HF ratio RR interval data requires producing a frequency 

spectrum with two peaks.  The first is a high frequency peak, which is set equal to one and 

located at the central frequency of the HF spectrum range (0.15 Hz to 0.4 Hz).  The second 

is a low frequency peak, set equal to the LF/HF ratio value and located at the central 

frequency of the LF spectrum range (0.04 Hz to 0.15 Hz).  The values are scaled to create a 

larger variation in the RR interval values.  The full frequency spectrum then undergoes an 

inverse fast Fourier transform (IFFT) to produce the RR interval series.  Some signal 

processing is done both before and after the IFFT process.   
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SDNN and RMSSD Algorithms 

Sinusoids are used to create both the SDNN and RMSSD RR interval series.  For SDNN, a 

sine wave with a period of 2π was used.  The standard deviation of a sine wave, where A is 

the amplitude of the sine wave and σ is its standard deviation is given below (see Equation 

1) (Smith, 1997).  Thus, the amplitude of the spectrum was set to the predetermined 

standard deviation multiplied by the square root of two.  The equation used to generate the 

RR data series is given below (see Equation 2), where n is the integer beat number and avg 

is the average RR interval value. 

Equation 1 - Standard Deviation of a Sine Wave 

𝜎 =
𝐴

√2
 

 

Equation 2 - RR Data from SDNN Parameter 

𝑅𝑅 =  𝜎 ∗ √2 ∗ sin(𝑛) + 𝑎𝑣𝑔 

The RMSSD value quantifies the beat to variation of heart rate (Vollmer, 2015).  By 

building a signal that has the same magnitude of change in value between beats, the signal 

will have an RMSSD value equal to that same magnitude.  To create this signal, another 

sine wave is used, with a period of four and an amplitude equal to the goal RMSSD value.  

The equation for the series with an RMSSD value in milliseconds, m, and an average RR 

interval in milliseconds, avg, is given below (see Equation Equation 3 - RR Data from 

RMSSD Parameter).  During testing of the RMSSD method, an unsupported data error 

arose when the data was uploaded into the Kubios software.  When a random number 

function was used to add mild variation to the data points, the unsupported data error was 

no longer present.  Although the cause of this error was not determined, the variation had 

little effect on the final results, and it was deemed acceptable for that step to remain.. 
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Equation 3 - RR Data from RMSSD Parameter 

𝑅𝑅 =  𝑚 ∗ sin(0.5 ∗ 𝜋 ∗ 𝑛) + 𝑎𝑣𝑔 

Testing and Statistics 

The program was run 300 times, 100 times with each quantifier selected.  For LF/HF ratio 

trials, values ranged from 0.05 to 12, values for the SDNN trials ranged from 1 to 300 and 

RMSSD trials had values from 1 to 100.  Each trial was saved and run through the Kubios 

software to compare the theoretical values to the experimentally determined HRV values of 

the RR interval series.  The theoretical and experimental values were then compared by 

calculating the percent difference. 

The program was also run to verify that the RR intervals were properly detected when the 

ECG text file was run through a peak detection algorithm.  This was done in the free 

program Artiifact (Kaufmann, et al., 2011).  For this trial, the program was edited to 

produce an ECG signal with 200 beats (instead of the default 2000 beats).  The signal was 

produced via the LF/HF method with a ratio value of 2.  The ECG signal file was uploaded 

into Artiifact and the RR intervals calculated by the program were compared to those 

produced during the initial signal creation. 
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Chapter 3 

Results 

ECG Signal Data 

The program produces two text files; an ECG file and an RR interval file.  The LF/HF ratio 

setting creates the RR interval data by first creating an appropriate frequency spectrum 

from the preselected ratio value, as explained in the previous section.  A graph of the 

frequency spectrum data, where an LF/HF ratio of 2 is used as the parameter and the 

average RR interval is set to 1000 ms (HR of 60 bpm), is provided here to illustrate this 

(see Figure 1), however it is not presented during program operation.  The program 

presents graphs showing the HR series as well as a segment of ECG data, based on a 

preselected length of time or number of beats (see Figure 2).  The ECG waveforms created 

from the code are similar in appearance to real ECG signals, however with a more rigid, 

simulated appearance. 

 

Figure 1 - Frequency Spectrum 
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Figure 2 - LF/HF Ratio Sample Results 

When observing the RR interval series generated from an LF/HF parameter, it is apparent 

that the series has an ordered appearance that is indicative of a simulated data set as 

opposed to a naturally occurring one.  The RR interval series based on SDNN and RMSSD 

(Figure 3; top and bottom, respectively) have similarly artificial appearances as they are 

based on simple sinusoids.  The series pictured in the top image of Figure 3 was built with 

an average RR interval value of 1000 ms and an SDNN value of 150 ms from Equation 2.  

When the data was loaded in the Kubios software, the SD value was given as 149.96 ms.  

Similarly, an average RR interval value of 1000 ms and an RMSSD value of 40 ms were 

used to produce the bottom image of Figure 3 from Equation .  This data produced an 

RMSSD value of 39.982 ms when loaded in Kubios.  These calculations were done on a 

larger scale in later trials. 
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Figure 3 - Sample HR Data: SDNN (Top) and RMSSD (Bottom) 

Statistical Analysis 

The program was run 300 times to test the accuracy of the RR interval data that was 

produced.  The first 100 trials tested the LF/HF method with ratio values evenly spaced in 

the range of 0.05 to 12.  The second 100 trials tested the SDNN method with values 

ranging from 1 to 300.  The final 100 trials tested the RMSSD method with values between 

1 and 100.  The percent differences between their theoretical values and the values 

calculated in Kubios were determined for each trial.  Tables showing this data in its 

entirety are included in Appendix B (LF/HF ratio, SDNN and RMSSD data appear in Table 

3, Table 4, and Table 5, respectively).  Table 1 shows the summarized results of the percent 

difference analysis.  The LF/HF ratio had both the highest average percent difference 

(0.943) and the highest standard deviation (0.688).  SDNN and RMSSD have significantly 

lower averages (0.026 and 0.070, respectively).  For standard deviation, RMSSD has a 

lower value (0.197) than LF/HF, while SDNN has a substantially lower value (0.003) than 

the other two methods.  These trends are consistent with researcher expectations. 
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Table 1 - RR Interval Percent Difference Analysis 

Method Value Range 
Average Percent 

Difference 

Standard Deviation 
of Percent 
Differences 

LF/HF Ratio 0.05 – 12 0.943 0.688 

SDNN 1 – 300 0.026 0.003 

RMSSD 1 – 100 0.070 0.197 

 

An ECG signal of 200 beats was created to test whether the RR interval series created via 

the program was accurately reflected in the ECG signal.  The ECG signal was run through 

a peak detection algorithm in the Artiifact program and the results were compared to the 

RR interval series directly produced by the HRV ECG Generator program.  The entire data 

set can be found in Appendix C (Table 6). It should be noted that the ECG signal was 

produced with a sampling rate of 1000 Hz.  Therefore, RR interval values could only be 

calculated to the nearest millisecond.  This is likely the only source of error in the data 

produced from the ECG text file as the average difference between the two series is less 

than 1 millisecond. 
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Chapter 4 

Discussion 

ECG Signal and RR Interval Series 

The program produces both an RR interval text file and an ECG text file, each containing 

the data points of their respective series.  Comparing the RR interval charts produced by 

the program to that of a real trial, the real data appears more random, while all data 

produced by the program appears ordered and artificial.  While not strictly necessary for 

the purposes of this program, the ability to produce more realistic data sets would create 

greater confidence in the accuracy of devices tested with this program.  The LF/HF ratio 

RR interval series has the least ordered appearance, as it is not based on a single frequency 

as the other data sets were.  It may be possible to create a more realistic RR interval series 

by first creating a frequency spectrum with a larger variety of frequencies.  The program in 

its current form uses only the two frequencies required to produce the requisite LF/HF 

ratio.  Creating larger variations would require careful consideration, as it is likely that the 

addition of more frequencies would cause changes in the ratio.  Future testing would likely 

include determining what frequencies and the power of the frequencies that could be added 

to the spectrum to increase the variation and realism of the data, without detrimentally 

affecting the ratio value.  This could potentially be done by targeting the VLF and ULF 

ranges for adjustment or by keeping LF and HF range adjustment statistically insignificant.   

The lack of variation and realistic appearance in the SDNN and RMSSD methods stem 

from the desire for higher accuracy in the data outweighing the need for a realistic signal.  

Both methods work on a single frequency sine wave, a method that, while allowing for 

highly accurate data, would not appear in real ECG data.  However, the results of tests on 

an HRV system or algorithm with these methods should still be trusted for the individual 

HRV quantifier chosen.  This program could be further improved by designing 

methodologies to use the various parameters in combination to produce a more robust 

signal.  One such program exists that uses LF/HF ratio, SDNN, mean HR and PQRST 
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morphology to produce a more accurate ECG signal (Healey, et al., 2004).  This system 

does lack the RMSSD parameter and could be further improved with its addition. 

The ECG signal itself fits the general shape and appearance of a real ECG waveform, 

containing the P-wave, QRS complex and the T-wave with durations similar to those 

appearing in real ECG waveforms (Klabunde, 2016).  The waveforms do carry an 

unrealistic lack of variation in voltage values, however this is not strictly necessary for this 

program.  The R peak is sufficiently prominent and easily distinguished from the other 

features, allowing for easy recognition by peak detection algorithms, which is the main 

purpose of the ECG text file. 

Statistics 

The average percent difference for each parameter was less than one percent, however 

there was significant variation between each method.  For the LF/HF method, the average 

percent difference was higher by a significant margin (a value of 0.943, 0.873 higher than 

the next highest value) and the standard deviation was also the highest (a value of 0.688, 

0.491 higher than the next highest value).  The LF/HF method was the most complicated 

procedure, requiring many more steps than the other two.  This method also required the 

most processing along the way in order to achieve this result.  Due to the nature of the FFT 

algorithm, if a set of real number values has an FFT applied to it, the result will be a set of 

complex numbers and vice versa.  In a P-Welch algorithm, a commonly used algorithm for 

applying the FFT to RR interval data in order to quantify HRV, the complex values 

resulting from applying FFT to a real number data set are multiplied by their complex 

conjugate in order to create real number data as the final result.  Thus, in order to 

accurately reverse the process to produce an RR interval set, the frequency spectrum data 

created via the original LF/HF ratio was converted into a complex number that, when 

multiplied by its complex conjugate, returned the original value.  This was done so the 

values resulting from the iFFT formula would be real number values.  However, as there 

are an infinite number of complex numbers that could be generated this way for any real 

value, it is possible that not all values produce the exact same frequency data after the 
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iFFT.  It is postulated here that this is the source of the error.  It is also worth noting that 

there was a clear relationship between the change in LF/HF parameter value and the 

change in the percent error.  From a parameter value of 0.05 to the approximately 5.5, the 

percent error value begins at 1 and drops incrementally toward 0, with a larger 

experimentally determined value.  From 5.5 onward, the percent error rises again with a 

larger parameter value.  This implies a trend in the data that requires additional 

examination. 

The SDNN data showed the lowest average percent error of the three methods, as well as 

the lowest standard deviation.  This is consistent with expectations as the data is built with 

a simple, known method that goes mostly unedited during the process.  There does not 

appear to be a pattern associated with the percent error data as there was with the LF/HF 

data.  The error appears, therefore, to be random, possibly resulting from rounding or low 

sampling frequency, and likely will not have a major effect on the use of this program.  

The average percent error and standard deviation for the RMSSD data fell between the 

SDNN and LF/HF, although significantly closer to those of the SDNN method.  RMSSD 

percent error values had no discernable pattern.  The error in this method may arise from 

the minor randomness inserted in order for the data produced to be accepted by the Kubios 

software.  However, as the data shows, this effect is seemingly negligible. 

An ECG signal was produced so the RR interval series could be compared to the RR 

interval series produced by a peak detection algorithm being applied to the ECG signal.  

Due to the ECG signal being produced at a sampling frequency of 1000 Hz, the accuracy 

of the RR interval series produced from it was limited to the nearest millisecond.  For short 

data series, this is projected to have minimal effect on the calculated HRV values.  This 

error would only apply to tests that use the ECG data to produce the RR interval series, and 

not on those that use the RR intervals produced by the program directly. 

Recommendations for Use 

The main use for this program is to test HRV algorithms by producing ECG or RR-interval 

data based on a user selected value.  This program can be used to test algorithms and 
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devices in the early stages.  Since the values determined by a known and tested system did 

not match perfectly with the values used to produce the data, users of the program should 

take note that a tested system will also likely not match programed values perfectly.  

Therefore, it is important to quantify what level of error is acceptable.  This varies between 

methods.  In the SDNN method, no individual percent error exceeded 0.035%.  Based on 

this data, an acceptable error for a tested system is 0.05%.  For the RMSSD method, the 

data includes two outliers; when the RMSSD values are set to 1 and 2, with percent errors 

of 1.94% and 0.545%, respectively.  The program will then be edited to disallow these two 

values for this method.  The remaining values fall below 0.09%, leading to a 

recommendation of accepting algorithms with percent error values below 0.1%. 

The LF/HF ratio error was the highest and thus requires the largest acceptable value range.  

Users of this program should accept a percent error range of 2.7% if the current parameter 

value range (0.05 to 12) is used.  However, reducing the value range would restrict the 

acceptable error in tested algorithms with this method.  To keep the percent error value 

below 2%, users should limit the LF/HF parameter value range from 0.05 to 11.  While the 

current program appears to be acceptably accurate, steps should be taken to determine the 

source of the incremental error that appears in the percent error data, so that steps may be 

taken to mitigate it. 
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Chapter 5 

Conclusion 

Heart rate variability has a variety of clinical applications and is currently the subject of a 

variety of research avenues to better understand many circulatory, cardiovascular and 

hormone related conditions.  Software and technology that can quickly and accurately relay 

HRV data to researchers and clinicians is increasingly in demand as more evidence 

becomes available showing the usefulness of HRV data.  Therefore, it is important to have 

simple and effective testing software that targets the numerous ways that HRV can be 

examined.  

The HRV ECG Generator software is designed to produce sample ECG data for the 

purposes of testing HRV software and technology in the early stages of its development.  It 

does this by allowing the user to select one of three common HRV quantifying values; 

LF/HF ratio, SDNN and RMSSD.  The user can also select a value in a predetermined 

range for the quantifier.  The program produces an RR interval series and an ECG signal 

and saves both as text files.  These files can then be used to test HRV software.  Due to 

intrinsic error in the signal creation process, acceptable percent error values are given to 

allow for this variation (see Table 2, below).  Future iterations of this code could be 

improved by allowing for a larger range of HRV quantifiers to be chosen.  Further, the 

ability to use multiple values to produce the signal would simplify the use of this program 

and create a more realistic dataset.   

Table 2 – Value Ranges and Acceptable Error Values 

Method Value Range 
Acceptable Percent 

Error 

LF/HF Ratio 0.05 – 11 <= 2% 

SDNN 1 – 300 (ms) <= 0.05% 

RMSSD 3 – 100 (ms) <= 0.1% 
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Appendix A 

HRV ECG Generator Program 

%Set Starting Parameters 
sig_len = 2000; 
prompt = 'Select mode (enter 1 for LF/HF, 2 for SDNN, 3 for RMSSD) 

\n'; 
mode = input(prompt); 
if (mode == 1) 
    prompt = 'Select ratio value \n (range: 0.05 to 11) \n'; 
    ratio = input(prompt); 

     
    if (ratio < 0.05 || ratio > 11) 
        mssg = 'Invalid ratio value, ending code'; 
        disp(mssg); 
        return 
    end 

     
    scale = 1000000000; 
    HF = 1*scale; 
    LF = ratio*scale; 
    fs = 1; 
    L = sig_len*2; 

     
    x = 0:fs/L:fs-fs/L; 
    freq = zeros(1,length(x)/2); 

     
    lowfreq = (0.15-0.04)/2 + 0.04; 
    highfreq = (0.4-0.15)/2 + 0.15; 

     
    xLF = x-lowfreq; 
    xLF(xLF < 0) = Inf; 
    [~,id] = min(xLF); 

     
    xHF = x-highfreq; 
    xHF(xHF < 0) = Inf; 
    [~,id2] = min(xHF); 

     
    freq(id) = LF*.98; 
    freq(id2) = HF; 

     
    %freq = (freq.*4)./2; 

     

    j = L/2; 
    for i = 1:L/2 
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        freq(L/2 + i) = freq(j); 
        j = j - 1; 
    end 

     
    freq = sqrt(freq./2)+1i.*sqrt(freq./2); 

     
    %HR Spectrum 
    NN = ifft(freq,'symmetric'); 
    win = hamming(L); 
    %NN = (NN(:)./win)+1000; 
    NN = (NN(:))+1000; 
    NN = NN(ceil(length(NN)/4)+1:ceil(length(NN)/4)+1+sig_len); 
    if min(NN) < 0 
        NN = NN + abs(min(NN)); 
    end 
    if min(NN) < .3 
        NN = NN + (0.3-min(NN)); 
    end 

     
elseif (mode == 2) 

prompt = 'Select SD value (in milliseconds) \n (range: 1 to 

300) \n'; 
    stdev = input(prompt); 

     
    if (stdev < 1 || stdev > 300) 
        mssg = 'Invalid SD value, ending code.'; 
        disp(mssg); 
        return 
    end 

     
    x = 1:2000; 
    amp = stdev*2.83/2; 
    NN = (amp.*sin(x) + 1000)'; 

     
elseif (mode == 3) 

prompt = 'Select RMSSD value (in milliseconds) \n (range: 3 to 

100) \n'; 
    rms = input(prompt); 

     
    if (rms < 3 || rms > 100) 
        mssg = 'Invalid RMSSD value, ending code.'; 
        disp(mssg); 
        return 
    end 

     
    x = 1:2000; 
    vary = 0.5.*rand(1,2000) - 0.25; 
    NN = rms*sin(0.5*pi*x) + 1000 + vary; 
    NN = NN'; 
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else 
    mssg = 'Incorrect input, ending code.'; 
    disp(mssg); 
    return 
end 

  
prompt = 'Select graph length variable (enter 1 for time, 2 for 

number of beats) \n'; 
select = input(prompt); 
lastTime = 0; 
lastBeat = 0; 
if select == 1 
    prompt = 'Select time length (enter 1 through 300 or max) \n'; 
    lastTime = input(prompt, 's'); 
elseif select == 2 
    prompt = 'Select beat number (enter 1 through 300) \n'; 
    lastBeat = input(prompt); 
end 

  
HR = 60000./NN; 

  
subplot(2,1,[1]) 
plot(HR) 
title('Heart Rate Spectrum') 
xlabel('Beat Number') 
xlim([1,sig_len/4]) 
ylabel('Heart Rate (BPM)') 
ylim([57,63]) 

  
%ECG Generator 
i = 2; 
ecg = zeros(1,200000000); 
endPoint = zeros(1,length(HR)); 
ecg_temp = ecg_waveform_generator2(HR(1)); 
endPoint(1) = length(ecg_temp); 
ecg(1:length(ecg_temp)) = ecg_temp; 
t_temp = 0:.001:length(ecg_temp)*.001 - .001; 

  
while i <= length(HR) 
    ecg1 = ecg_waveform_generator2(HR(i)); 
    endPoint(i) = length(ecg1) + endPoint(i-1); 
    ecg(endPoint(i-1)+1:endPoint(i)) = ecg1; 
    i = i+1; 
end 
final = i; 
ecg1 = ecg_waveform_generator2(75); 
endPoint(final) = length(ecg1) + endPoint(final-1); 
ecg(endPoint(final-1)+1:endPoint(final)) = ecg1; 
ecg(endPoint(final)+1:length(ecg)) = []; 
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%Plot Full ECG Signal 
str = 'max'; 
if lastBeat ~= 0 
    audioEnd = endPoint(lastBeat); 
elseif strcmp(str,lastTime) == 0 
    lastTime = str2num(lastTime); 
    audioEnd = lastTime*1000; 
else 
    audioEnd = endPoint(final); 
end 

  
t = 0:.001:(length(ecg)- 1)*.001; 
subplot(2,1,[2]) 
plot(t(1:audioEnd),ecg(1:audioEnd)) 
title('Custom ECG Signal') 
xlabel('Time (s)') 
ylabel('Amplitude (mV)') 

  

  
%Create Output Audio File of Selected Interval 

  

HRaud = audioplayer(ecg(1:audioEnd),1000); 
play(HRaud); 

  
NN_s = NN./1000; 
dlmwrite('RRints.txt',NN,'precision','%0.5f'); %NN intervals in 

milliseconds 
dlmwrite('RRints_s.txt',NN_s); %NN intervals in seconds 
dlmwrite('ECGdata.txt',ecg); %full ecg data 
 

 

function [ecg] = ecg_waveform_generator2(rate) 

  
%P wave 
x = 0:.001:.1; 
p = ((x.^2).*(x-.1).^2); 
p = ((.15/max(p)) * p); 

  
t = 0:.001:.16-.001; 
p(numel(t)) = 0; 
p = p+0.35; 

  
%QRS complex 
q_t = 0:.001:0.018-.001; 
q = -0.1*sawtooth((pi/0.018)*(q_t-.018)); 

  
r_t = 0.018:.001:0.058-.001; 
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r = [0, 1.6, 0]; 
t_temp1 = [0.018, 0.038, 0.057]; 
r = interp1(t_temp1,r,r_t); 
r(end) = 0; 

  
s_temp = 0:.001:0.022-.001; 
s = 0.3*sawtooth((pi/0.022)*(s_temp)); 
s(1) = 0; 
s(end) = 0; 

  
qrs = horzcat(q,r,s) + .35; 

  
if rate <= 100 

     
    period = 60/rate; 
    tp_int = period-.6; 
    x = 0:.001:.175-.001; 
    t = ((x.^2).*(x-.175).^2); 
    t = ((.15/max(t)) * t) + .35; 

  
    t_start = 0:.001:.175-.001; 
    t_start = zeros(1,length(t_start)) + .35; 

  
    t_fin = 0.350:.001:.360+tp_int; 
    t_fin = zeros(1,length(t_fin)) + .35; 

  
    t_end = horzcat(t_start,t,t_fin); 
else 
    period = 60/rate; 
    t_len = period - 0.25; 
    diff = .35 - t_len; 

     
    t_start = 0:.001:.175 - ((2/3)*diff) - .001; 
    t_start = zeros(1,length(t_start)) + .35; 

     
    point = .175 - ((1/3)*diff); 
    x = 0:.001:point - .001; 
    t = ((x.^2).*(x-point).^2); 
    t = ((.15/max(t)) * t) + .35; 

     
    t_fin = 0:.001:.01; 
    t_fin = zeros(1,length(t_fin)) + .35; 

  
    t_end = horzcat(t_start,t,t_fin); 
end 
ecg = horzcat(p,qrs,t_end); 

  
end  
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 Appendix B 

Full HRV Results Tables 

Table 3 - LF/HF Ratio Full Data 

Theoretical 
Ratio 

Experimental 
Ratio 

Percent 
Difference 

0.05 0.0505 1 

0.17071 0.17241 0.9958409 

0.29141 0.29429 0.98829827 

0.41212 0.41615 0.97787052 

0.53283 0.53798 0.96653717 

0.65354 0.65979 0.95633014 

0.77424 0.78156 0.94544327 

0.89495 0.90329 0.93189564 

1.0157 1.025 0.91562469 

1.1364 1.1466 0.89757128 

1.2571 1.2683 0.89093946 

1.3778 1.3898 0.87095369 

1.4985 1.5114 0.86086086 

1.6192 1.6328 0.83992095 

1.7399 1.7543 0.82763377 

1.8606 1.8756 0.80619155 

1.9813 1.997 0.79240902 

2.102 2.1182 0.77069458 

2.2227 2.2394 0.75133846 

2.3434 2.3606 0.73397627 

2.4641 2.4816 0.71019845 

2.5848 2.6026 0.68864129 

2.7056 2.7236 0.66528681 

2.8263 2.8445 0.64395146 

2.947 2.9653 0.62097048 

3.0677 3.086 0.59653812 

3.1884 3.2066 0.57081922 

3.3091 3.3272 0.54697652 

3.4298 3.4477 0.52189632 

3.5505 3.5681 0.49570483 

3.6712 3.6884 0.46851166 

3.7919 3.8087 0.44304966 

3.9126 3.9288 0.41404693 

4.0333 4.0486 0.37934198 

4.154 4.1689 0.35869042 

4.2747 4.2888 0.32984771 

4.3955 4.4086 0.29803208 

4.5162 4.5282 0.26571011 

4.6369 4.6478 0.23507084 

4.7576 4.7673 0.20388431 

4.8783 4.8867 0.17219113 

4.999 5.006 0.14002801 

5.1197 5.1251 0.10547493 

5.2404 5.2442 0.07251355 

5.3611 5.3632 0.03917107 

5.4818 5.482 0.00364844 

5.6025 5.6007 0.03212851 

5.7232 5.7193 0.0681437 

5.8439 5.8378 0.10438235 

5.9646 5.9562 0.1408309 

6.0854 6.0744 0.18076051 

6.2061 6.1925 0.21913923 

6.3268 6.3105 0.25763419 

6.4475 6.4284 0.29623885 

6.5682 6.5461 0.33646966 

6.6889 6.6637 0.37674356 

6.8096 6.7812 0.41705827 

6.9303 6.8985 0.4588546 

7.051 7.0157 0.50063821 
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7.1717 7.1327 0.54380412 

7.2924 7.2496 0.5869124 

7.4131 7.3664 0.62996587 

7.5338 7.483 0.67429451 

7.6545 7.5995 0.71853158 

7.7753 7.7158 0.76524378 

7.896 7.832 0.81053698 

8.0167 7.948 0.85696109 

8.1374 8.0639 0.90323691 

8.2581 8.1796 0.95058185 

8.3788 8.2951 0.99894973 

8.4995 8.4105 1.04712042 

8.6202 8.5257 1.09626227 

8.7409 8.6408 1.145191 

8.8616 8.7557 1.19504378 

8.9823 8.8704 1.24578337 

9.103 8.985 1.29627595 

9.2237 9.0994 1.34761538 

9.3444 9.2136 1.39976885 

9.4652 9.3276 1.45374636 

9.5859 9.4415 1.50637916 

9.7066 9.5552 1.55976346 

9.8273 9.6687 1.61387156 

9.948 9.782 1.66867712 

10.0687 9.8951 1.72415505 

10.1894 10.008 1.78028147 

10.3101 10.121 1.83412382 

10.4308 10.233 1.89630709 

10.5515 10.346 1.94759039 

10.6722 10.458 2.00708383 

10.7929 10.57 2.0652466 

10.9136 10.682 2.12212286 

11.0343 10.794 2.17775482 

11.1551 10.905 2.24202383 

11.2758 11.016 2.30404938 

11.3965 11.127 2.36476111 

11.5172 11.238 2.42420033 

11.6379 11.349 2.48240662 

11.7586 11.459 2.54792237 

11.8793 11.569 2.61210677 

12 11.679 2.675 
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Table 4 - SDNN Full Data 

Theoretical 
SDNN (ms) 

Experimental 
SDNN (ms) 

Percent 
Difference 

1 0.9998 0.02 

4.0202 4.0194 0.01989951 

7.0404 7.039 0.01988523 

10.0606 10.059 0.01590362 

13.0808 13.078 0.02140542 

16.101 16.098 0.01863238 

19.1212 19.117 0.02196515 

22.1414 22.137 0.01987228 

25.1616 25.156 0.02225614 

28.1818 28.176 0.02058066 

31.202 31.195 0.02243446 

34.2222 34.215 0.02103897 

37.2424 37.234 0.02255494 

40.2626 40.253 0.02384347 

43.2828 43.273 0.02264179 

46.303 46.292 0.02375656 

49.3232 49.311 0.02473481 

52.3434 52.331 0.02368971 

55.3636 55.35 0.02456488 

58.3838 58.369 0.0253495 

61.404 61.388 0.02605693 

64.4242 64.408 0.02514583 

67.4444 67.427 0.02579903 

70.4646 70.446 0.02639623 

73.4848 73.465 0.02694435 

76.5051 76.485 0.02627276 

79.5253 79.504 0.02678393 

82.5455 82.523 0.02725769 

85.5657 85.542 0.02769801 

88.5859 88.562 0.02697946 

91.6061 91.581 0.02739992 

94.6263 94.6 0.02779354 

97.6465 97.62 0.02713871 

100.6667 100.64 0.02652317 

103.6869 103.66 0.02594349 

106.7071 106.68 0.02539662 

109.7273 109.7 0.02487986 

112.7475 112.72 0.02439078 

115.7677 115.74 0.02392723 

118.7879 118.76 0.02348724 

121.8081 121.78 0.02306907 

124.8283 124.8 0.02267114 

127.8485 127.81 0.03011377 

130.8687 130.83 0.02957162 

133.8889 133.85 0.02905394 

136.9091 136.87 0.0285591 

139.9293 139.89 0.02808561 

142.9495 142.91 0.02763214 

145.9697 145.93 0.02719743 

148.9899 148.95 0.02678034 

152.0101 151.97 0.02637983 

155.0303 154.99 0.02599492 

158.0505 158.01 0.02562472 

161.0707 161.03 0.02526841 

164.0909 164.05 0.02492521 

167.1111 167.07 0.02459442 

170.1313 170.09 0.02427537 

173.1515 173.11 0.02396745 

176.1717 176.13 0.02367009 

179.1919 179.14 0.02896336 

182.2121 182.16 0.02859305 

185.2323 185.18 0.02823482 

188.2525 188.2 0.02788808 

191.2727 191.22 0.02755229 

194.2929 194.24 0.02722693 
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197.3131 197.26 0.02691154 

200.3333 200.28 0.02660566 

203.3535 203.29 0.03122641 

206.3737 206.31 0.03086634 

209.3939 209.33 0.03051665 

212.4141 212.35 0.0301769 

215.4343 215.37 0.02984669 

218.4545 218.39 0.0295256 

221.4747 221.41 0.02921327 

224.4949 224.43 0.02890934 

227.5152 227.44 0.03305274 

230.5354 230.46 0.03270647 

233.5556 233.48 0.03236917 

236.5758 236.5 0.03204047 

239.596 239.52 0.03172006 

242.6162 242.54 0.03140763 

245.6364 245.56 0.03110288 

248.6566 248.58 0.03080554 

251.6768 251.6 0.03051533 

254.697 254.62 0.030232 

257.7172 257.65 0.02607509 

260.7374 260.67 0.02584976 

263.7576 263.69 0.02562959 

266.7778 266.71 0.02541441 

269.798 269.73 0.02520404 

272.8182 272.75 0.02499833 

275.8384 275.77 0.02479713 

278.8586 278.79 0.02460028 

281.8788 281.81 0.02440765 

284.899 284.83 0.02421911 

287.9192 287.85 0.02403452 

290.9394 290.87 0.02385376 

293.9596 293.89 0.02367672 

296.9798 296.91 0.02350328 

300 299.93 0.02333333 
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Table 5 - RMSSD Full Data 

Theoretical Experimental 
Percent 

Diff 

1 1.0194 1.94 

2 2.0109 0.545 

3 3.0012 0.04 

4 4.0021 0.0525 

5 5.0053 0.106 

6 5.9995 0.00833333 

7 7.0014 0.02 

8 7.997 0.0375 

9 8.9994 0.00666667 

10 10.006 0.06 

11 10.994 0.05454545 

12 11.999 0.00833333 

13 12.995 0.03846154 

14 13.994 0.04285714 

15 14.997 0.02 

16 16.005 0.03125 

17 16.99 0.05882353 

18 17.997 0.01666667 

19 18.998 0.01052632 

20 19.985 0.075 

21 20.997 0.01428571 

22 22.002 0.00909091 

23 22.997 0.01304348 

24 23.99 0.04166667 

25 24.993 0.028 

26 26.002 0.00769231 

27 26.983 0.06296296 

28 27.991 0.03214286 

29 29.001 0.00344828 

30 29.992 0.02666667 

31 31.006 0.01935484 

32 31.988 0.0375 

33 32.99 0.03030303 

34 33.996 0.01176471 

35 34.985 0.04285714 

36 35.996 0.01111111 

37 36.986 0.03783784 

38 37.982 0.04736842 

39 38.99 0.02564103 

40 39.995 0.0125 

41 40.981 0.04634146 

42 41.984 0.03809524 

43 42.99 0.02325581 

44 43.985 0.03409091 

45 44.978 0.04888889 

46 45.987 0.02826087 

47 46.988 0.02553191 

48 47.981 0.03958333 

49 48.976 0.04897959 

50 49.981 0.038 

51 50.98 0.03921569 

52 51.976 0.04615385 

53 52.976 0.04528302 

54 53.976 0.04444444 

55 54.982 0.03272727 

56 55.979 0.0375 

57 56.97 0.05263158 

58 57.975 0.04310345 

59 58.97 0.05084746 

60 59.98 0.03333333 

61 60.972 0.04590164 

62 61.98 0.03225806 

63 62.974 0.04126984 

64 63.972 0.04375 

65 64.97 0.04615385 

66 65.974 0.03939394 

67 66.962 0.05671642 
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68 67.968 0.04705882 

69 68.968 0.04637681 

70 69.97 0.04285714 

71 70.961 0.05492958 

72 71.948 0.07222222 

73 72.959 0.05616438 

74 73.946 0.07297297 

75 74.95 0.06666667 

76 75.948 0.06842105 

77 76.957 0.05584416 

78 77.953 0.06025641 

79 78.947 0.06708861 

80 79.95 0.0625 

81 80.946 0.06666667 

82 81.944 0.06829268 

83 82.94 0.07228916 

84 83.942 0.06904762 

85 84.944 0.06588235 

86 85.948 0.06046512 

87 86.938 0.07126437 

88 87.933 0.07613636 

89 88.937 0.07078652 

90 89.932 0.07555556 

91 90.928 0.07912088 

92 91.927 0.07934783 

93 92.926 0.07956989 

94 93.935 0.06914894 

95 94.925 0.07894737 

96 95.932 0.07083333 

97 96.925 0.07731959 

98 97.919 0.08265306 

99 98.917 0.08383838 

100 99.921 0.079 
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Appendix C 

ECG Peak Detection Data 

Table 6 - ECG Peak Detection Testing 

Original 
RR - Int 

Tested 
RR - Int 

Diff % Diff 

731.672 732 0.328 0.0449 

1086.438 1087 0.562 0.0517 

1159.695 1160 0.305 0.0263 

1036.525 1037 0.475 0.0459 

1196.516 1197 0.484 0.0405 

1337.197 1338 0.803 0.0600 

1050.248 1051 0.752 0.0716 

794.575 795 0.425 0.0535 

905.738 906 0.262 0.0289 

908.303 909 0.697 0.0768 

690.964 691 0.036 0.0052 

800.422 801 0.578 0.0722 

1161.712 1162 0.288 0.0248 

1189.960 1190 0.040 0.0034 

1056.403 1057 0.597 0.0565 

1210.525 1211 0.475 0.0392 

1291.840 1292 0.160 0.0124 

965.039 966 0.961 0.0995 

746.438 747 0.562 0.0752 

892.645 893 0.355 0.0398 

893.169 894 0.831 0.0930 

710.719 711 0.281 0.0395 

879.930 880 0.070 0.0080 

1231.863 1232 0.137 0.0111 

1207.817 1208 0.183 0.0152 

1063.246 1064 0.754 0.0710 

1207.817 1208 0.183 0.0152 

1231.863 1232 0.137 0.0111 

879.930 880 0.070 0.0080 

710.719 711 0.281 0.0395 

893.169 894 0.831 0.0930 

892.645 893 0.355 0.0398 

746.438 747 0.562 0.0752 

965.039 966 0.961 0.0995 

1291.840 1292 0.160 0.0124 

1210.525 1211 0.475 0.0392 

1056.403 1057 0.597 0.0565 

1189.960 1190 0.040 0.0034 

1161.712 1162 0.288 0.0248 

800.422 801 0.578 0.0722 

690.964 691 0.036 0.0052 

908.303 909 0.697 0.0768 

905.738 906 0.262 0.0289 

794.575 795 0.425 0.0535 

1050.248 1051 0.752 0.0716 

1337.197 1338 0.803 0.0600 

1196.516 1197 0.484 0.0405 

1036.525 1037 0.475 0.0459 

1159.695 1160 0.305 0.0263 

1086.438 1087 0.562 0.0517 

731.672 732 0.328 0.0449 

689.624 690 0.376 0.0545 

937.727 938 0.273 0.0291 

930.250 931 0.750 0.0807 

850.786 851 0.214 0.0252 

1130.112 1131 0.888 0.0786 

1364.440 1365 0.560 0.0410 

1165.545 1166 0.455 0.0390 

1005.507 1006 0.493 0.0490 
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1120.681 1121 0.319 0.0285 

1011.308 1012 0.692 0.0684 

678.104 679 0.896 0.1321 

707.841 708 0.159 0.0225 

979.815 980 0.185 0.0189 

962.977 963 0.023 0.0024 

910.290 911 0.710 0.0780 

1199.643 1200 0.357 0.0298 

1371.298 1372 0.702 0.0512 

1118.751 1119 0.249 0.0222 

966.333 967 0.667 0.0690 

1077.175 1078 0.825 0.0766 

941.406 942 0.594 0.0631 

643.091 644 0.909 0.1413 

745.325 746 0.675 0.0905 

1031.745 1032 0.255 0.0247 

1000.000 1001 1.000 0.1000 

968.255 969 0.745 0.0769 

1254.675 1255 0.325 0.0259 

1356.909 1357 0.091 0.0067 

1058.594 1059 0.406 0.0384 

922.825 923 0.175 0.0190 

1033.667 1034 0.333 0.0323 

881.249 882 0.751 0.0852 

628.702 629 0.298 0.0474 

800.357 801 0.643 0.0803 

1089.710 1090 0.290 0.0266 

1037.023 1038 0.977 0.0942 

1020.185 1021 0.815 0.0799 

1292.159 1293 0.841 0.0651 

1321.896 1322 0.104 0.0079 

988.692 989 0.308 0.0312 

879.319 880 0.681 0.0774 

994.493 995 0.507 0.0510 

834.455 835 0.545 0.0653 

635.560 636 0.440 0.0692 

869.888 870 0.112 0.0129 

1149.214 1150 0.786 0.0684 

1069.750 1070 0.250 0.0233 

1062.273 1063 0.727 0.0684 

1310.376 1311 0.624 0.0477 

1268.328 1269 0.672 0.0530 

913.562 914 0.438 0.0480 

840.305 841 0.695 0.0827 

963.475 964 0.525 0.0545 

803.484 804 0.516 0.0642 

662.803 663 0.197 0.0298 

949.752 950 0.248 0.0262 

1205.425 1206 0.575 0.0477 

1094.262 1095 0.738 0.0674 

1091.697 1092 0.303 0.0277 

1309.036 1310 0.964 0.0736 

1199.578 1200 0.422 0.0352 

838.288 839 0.712 0.0850 

810.040 811 0.960 0.1185 

943.597 944 0.403 0.0427 

789.475 790 0.525 0.0665 

708.160 709 0.840 0.1186 

1034.961 1035 0.039 0.0038 

1253.562 1254 0.438 0.0350 

1107.355 1108 0.645 0.0582 

1106.831 1107 0.169 0.0153 

1289.281 1290 0.719 0.0558 

1120.070 1121 0.930 0.0830 

768.137 769 0.863 0.1124 

792.183 793 0.817 0.1031 

936.754 937 0.246 0.0262 

792.183 793 0.817 0.1031 

768.137 769 0.863 0.1124 

1120.070 1121 0.930 0.0830 

1289.281 1290 0.719 0.0558 

1106.831 1107 0.169 0.0153 

1107.355 1108 0.645 0.0582 

1253.562 1254 0.438 0.0350 
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1034.961 1035 0.039 0.0038 

708.160 709 0.840 0.1186 

789.475 790 0.525 0.0665 

943.597 944 0.403 0.0427 

810.040 811 0.960 0.1185 

838.288 839 0.712 0.0850 

1199.578 1200 0.422 0.0352 

1309.036 1310 0.964 0.0736 

1091.697 1092 0.303 0.0277 

1094.262 1095 0.738 0.0674 

1205.425 1206 0.575 0.0477 

949.752 950 0.248 0.0262 

662.803 663 0.197 0.0298 

803.484 804 0.516 0.0642 

963.475 964 0.525 0.0545 

840.305 841 0.695 0.0827 

913.562 914 0.438 0.0480 

1268.328 1269 0.672 0.0530 

1310.376 1311 0.624 0.0477 

1062.273 1063 0.727 0.0684 

1069.750 1070 0.250 0.0233 

1149.214 1150 0.786 0.0684 

869.888 870 0.112 0.0129 

635.560 636 0.440 0.0692 

834.455 835 0.545 0.0653 

994.493 995 0.507 0.0510 

879.319 880 0.681 0.0774 

988.692 989 0.308 0.0312 

1321.896 1322 0.104 0.0079 

1292.159 1293 0.841 0.0651 

1020.185 1021 0.815 0.0799 

1037.023 1038 0.977 0.0942 

1089.710 1090 0.290 0.0266 

800.357 801 0.643 0.0803 

628.702 629 0.298 0.0474 

881.249 882 0.751 0.0852 

1033.667 1034 0.333 0.0323 

922.825 923 0.175 0.0190 

1058.594 1059 0.406 0.0384 

1356.909 1357 0.091 0.0067 

1254.675 1255 0.325 0.0259 

968.255 969 0.745 0.0769 

1000.000 1001 1.000 0.1000 

1031.745 1032 0.255 0.0247 

745.325 746 0.675 0.0905 

643.091 644 0.909 0.1413 

941.406 942 0.594 0.0631 

1077.175 1078 0.825 0.0766 

966.333 967 0.667 0.0690 

1118.751 1119 0.249 0.0222 

1371.298 1372 0.702 0.0512 

1199.643 1200 0.357 0.0298 

910.290 911 0.710 0.0780 

962.977 963 0.023 0.0024 

979.815 980 0.185 0.0189 

707.841 708 0.159 0.0225 

678.104 679 0.896 0.1321 

1011.308 1012 0.692 0.0684 

1120.681 1121 0.319 0.0285 

1005.507 1006 0.493 0.0490 

1165.545 1166 0.455 0.0390 

1364.440 1365 0.560 0.0410 

1130.112 1131 0.888 0.0786 

850.786 851 0.214 0.0252 

930.250 931 0.750 0.0807 

937.727 938 0.273 0.0291 

689.624 690 0.376 0.0545 

200000 200101 101 0.0505 

1000 1000.505 0.505 0.0527 

 


