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1. Introduction

The electrocardiogram (ECG) system is one of the most ubiquitous signals in psychophysiogical research and serves as the most accurate measure of chronotropic cardiac function. As such, it is the basis for many studies involving heart rate and nearly all investigations of heart rate variability. Since heart rate is the simplest physiological index, it is extensively employed for studying workload on the living system.  Heart rate on a per min basis is generally represented. In a more detailed perspective, heart rate is analysed on a beat by beat basis [1].
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Figure 1:Tachogram of Heart Rate Variability.
In this case, the time interval between successive beats may not be consistent and manifests a variation range of 10–30% even if the heart rate per min remains constant as shown in Fig.1. This phenomenon is known as heart rate variability (HRV).  In addition, as the heart rate is counted to practically the number of R-wave which is the most prominent waveform of the electrocardiogram, this parameter is sometimes known as the R-R interval variation. Compared to analysis of mean heart rate, information on the state of autonomic nervous system (ANS) can be retrieved in greater detail. HRV measurement is currently employed extensively in life sciences, and the application range has recently expanded to include research studies involving physiological anthropology.
Recent years have seen humans getting bored with quantitative increases in the objects or the environment surrounding us and the demand for quality instead of quantity has surged.  In response to this demanding trend of humans, industrial sectors have recently turned to “comfortable”, and conduct product research and development with the human need as the focus. The paper discusses the measurement procedures of HRV for application in physiological anthropology.
2. System Design Inspiration
The project system idea is inspired by the paper “Development of a MATLAB Software for Analysis of Heart Rate Variability” in that author developed a tool for analysis, ECGLab, which was developed in MATLAB language in order to help research on HRV by making analysis process faster and easier [2]. In the paper “Real-Time ECG Monitoring System Based on FPGA”, author emphasized on remote monitoring real-time ECG systems based on Field Programmable Gate Arrays (FPGA) [3]. In the paper “A Computer Program to Acquire, Analyze and Track the HEART RATE VARIABILITY of Patients in a Clinical Research Environment”, author described the steps for developing HEARVAAD (HEArt Rate Variability Acquisition Analysis Database) [4]. ECG board design and related issues are well studied while designing 2-electrode ECG board [5] & [6]. The paper discusses the design and implementation of an ECG board circuit system for patient monitoring purpose.
3. System Specification for HRV Detection 

Measurement of this HRV index includes:

·  Determination of electrocardiograph (ECG)

·  Digitization of ECG

·  Detection of the R-wave peak followed by derivation of the R-R interval sequence

The basic devices required for HRV measurement include a bio-amplifier for ECG measurement, an analog to digital (AD) converter and a computer for R-wave analysis and data interpretation.

3.1. Electrocardiogram (ECG)

An electrocardiogram (ECG) is the recording on the body surface of the electrical activity generated by the heart. An ECG signal is a biological, multi-channel signal recorded from a system of electrodes of the ECG device. These body-surface bio-potential electrodes are strategically placed on the person’s body particularly at the chest and limbs. The number of electrodes placed in a variety of combination depends on desired ECG reading, wherein every lead system conveys different information about the heart.

3.2. A-D Conversion

It was sufficient to set the sampling frequency as 1 kHz in AD conversion of ECG waveforms.  Through experience, we could detect the R wave even at 250 Hz. However, when the sampling frequency was further reduced to a level of 100 Hz, detection of the R-wave would then be difficult. 

3.3. Detection of R-wave 

To discriminate the R-wave from other components (especially the T-wave), due consideration of its special features, such as highly amplified amplitude within the shortest possible time, was taken. This algorithm assumed the peak of waveform to lay on the centre of the R-wave with the left-right bilateral symmetry prevailing.  This detection algorithm is the simplest one, and if other restrictions are added, the consistency of detection will be further improved.  Although real time processing can be done with this algorithm, construction of a noise- tolerant R-wave detection system can be secured, if the real time processing is abandoned. R-wave amplitude- dependent detection algorithm, the source of errors is most likely to be due to changes in this R-wave amplitude rather than EMG interference [7].  QRS detection algorithm of higher accuracy is established in recent years [8].
4. HRV Measurement   
Various measures of heart rate variability have been proposed, which can roughly be subdivided into time domain, frequency domain and geometric measures. HRV is regarded as an indicator of the activity of autonomic regulation of circulatory function, although controversy exists over whether this is an accurate metric for analysing cardiovascular autonomic control. In this system, time domain analysis is performed for developing algorithms. Numerous indexes have been proposed to serve as a quantitative determinant in the time domain of HRV [9]. In 1996, a task force set up by the European Society of Cardiology and North American Society of Pacing and Electro cardiology recommended six statistical and four geometrical indexes [10].  Strong correlations between these indexes were the issue then. In their report, the following 4 parameters are particularly selected on a basis that the above issues are made irrelevant:
· SDNN (Standard deviation of all NN intervals)

· HRV triangular index (Total number of all NN intervals divided by the height of the histogram of all NN 
   intervals   measured on a discrete scale with bins of 7.8125 ms (1/128 seconds))

· SDANN (Standard deviation of the averages of NN intervals in all 5-minute segments of the entire recording)

· RMSSD (The square root of the mean of the sum of the squares of differences between adjacent NN intervals)
Note that SDNN and HRV triangular index determine the global HRV; while RMSSD and SDANN represent the short and long cyclical variability, respectively.   
A simple example of a time domain measure is the calculation of the standard deviation of beat-to-beat intervals.
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Figure 2: A Flow Chart Summarizing Individual Steps Used When Recording and Processing

 the ECG Signal in Order to Obtain Data for HRV Analysis
A common frequency domain method is the application of the discrete Fourier transform to the beat-to-beat interval time series. This provides an estimation of the amount of variation at specific frequencies. Several frequency bands of interest have been defined in humans.
· High Frequency band (HF) between 0.15 and 0.4 Hz. HF is driven by respiration and appears to derive mainly from vagal activity or the parasympathetic nervous system.
· Low Frequency band (LF) between 0.04 and 0.15 Hz. LF derives from both parasympathetic and sympathetic activity and has been hypothesized to reflect the delay in the baroreceptor loop.
· Very Low Frequency band (VLF) band between 0.0033 and 0.04 Hz. The origin of VLF is not well known, but it had been attributed to thermal regulation of the body's internal systems.
· Ultra Low Frequency (ULF) band between 0 and 0.0033 Hz. The major background of ULF is day/night variation and therefore is only expressed in 24-hour recordings.
· The ratio of low-to-high frequency spectra power (LF/HF) is has been proposed as an index of sympathetic to parasympathetic balance of heart rate fluctuation, but this is controversial because of the lack of understanding of the mechanisms for the LF component.
5. System Hardware Board  
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Figure 3: Schematic of Developed ECG Amplifier Board

A two-electrode electrocardiogram is designed, which is a bioelectric amplifier that usually has a gain of 1000. A standard ECG amplifier consist of an amplifier consist of an instrumentation amplifier (IA) followed by an isolation amplifier (ISO-amp), then by a bandpass filter (BPF), and a  right -leg (RL) drive amplifier [5] & [6]. A BPF is designed with a bandwidth 0.05-80Hz for patient monitoring purpose. The driven RL circuit is used with bio-potential differential amplifiers to reduce common mode voltage. This provides a low-impedance path between the patient and the amplifier so that the common mode voltage is less [11]. Here we can options to extract out analog ECG data for interpretation & analysis or convert the same into digital for storage and digital processing. For that, at the end of RL circuit I added an input offset voltage op-amp, so that the analog value will rise above the value of 0V, which is the necessary condition, to detect all values lying between 0V to 5V. This is the detectable range of PIC18F2550 10-bit ADC Microcontroller. .The digital output of microcontroller interfaced with PC to communicate serially with PC via USB and RS232 serial port. In MATLAB S-Function driver able to collect raw ECG digital data serially, this is used to drive further algorithm for HRV analysis.  
6. System Flow Chart
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Figure 4: Overview of the Project System Design Flow

The flow chart illustrates a brief understanding of the procedure next to be followed. Such as, Design Issues, Algorithm Development Environment, Clinical applications etc. Considering Noise issues, Isolation, Sampling, Filtering and Measurement factors ECG board is developed. For analog to digital conversion 10-bit ADC Microcontroller is used. Some function is written into MATLAB to read serial data in real time window simulink target. Analog data are also traced by MATLAB using a microphone port of the computer. The data is analysed and plots are drawn. Further, data is stored as .mat file for various concerned algorithms development. The last step, we are in a position to predict some diagnosis based on the valuable results got from the experiment.
7. System Algorithm Development
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Figure 5: Pan and Tompkins QRS Detection Algorithm

As illustrated before, here our main concern is to detect or-peaks and RR-intervals for the development of algorithms. So, we need a brief idea about how to handle signals in real time and use .mat file for plots. We need to know sampling rate, number of values required and the range of the values. The allowed range of ECG signals is only used for algorithm development. We should well consider the risk factors such as, irregular peaks, irregular distance between peaks and presence of low frequency component. MATLAB available functions are well enough to accomplish algorithms development task. Finally desired plots are achieved using MATLAB and SIMULINK. An algorithm implemented for project system software simulation is well taken from Paper titled “A Real-Time QRS Detection Algorithm”, by Japan Pan and Willis J. Tompkins [12]. Matched results of algorithm steps of Fig.5 are shown in Fig.6 for data rate of 200 samples per second.
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Figure 6: Pan and Tompkins QRS Detection Algorithm
The rest part of the algorithm such as Threshold detection, decision on R-peaks and results are done on MATLAB using some functional attributes of simulink. 

8. Experiment Results
In the experiment conducted, the ECG was taken using a electrode lead I and II connected to left arm and right arm respectively while the male subject, 20 years of age, was seated in a relaxed manner. Silver-silver chloride (Ag-AgCl) electrodes, which have very low offset voltage, were placed on the person’s arms although suction electrodes can also be used. For better hardware sensitivity and results, three things must always be considered: electrode placement, electrode selection, and skin preparation. Electrodes must be placed in smooth even surfaces with minimal hair growth, skin creases, bony protuberances, and lesser muscle [6]. The skin must be treated so that interference is minimized and signal transmission is maximized. 
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Figure 7: Experimental Set-Up 

The acquired raw ECG data was satisfactory, as can be verified in Fig. 6. However, noise particularly the 60Hz interference and baseline wander, was reduced after employing the ZPBPF [6]. Fig. 6a shows another rest ECG signal (of the same subject), which is mainly corrupted by 60Hz, but after digital filtering, the powerline interference was greatly reduced (see Fig. 6b). The average resting heart rate was calculated to be 84 bpm and generated result count displayed on simulink window display [14].  For better hardware sensitivity and results, three things must always be considered: electrode placement, electrode selection, and skin preparation. Electrodes must be placed in smooth even surfaces with minimal hair growth, skin creases, bony protuberances, and lesser muscle. The skin must be treated so that interference is minimized and signal transmission is maximized. 
Offline analysis of ECG is done from the MAT file and detected R peaks, RR intervals are plotted Vs Time on graph.
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Figure 8: RR Intervals Vs Time

Fig 8. Show RR intervals for a period of 10 minutes. After plotting RR intervals with time, the next thing is tried to get more plots (Frequency domain LF/HF relation plot, Non-linear Domain, Standard Deviation plot and Time-Frequency domain Heart rate variation plot) to illustrate the behavior of Heart Rate in Time, Frequency and Geometric domain. 
9. Conclusion

This paper has presented the design and development of a real-time ECG monitoring system. The two-electrode ECG amplifier constructed is capable of acquiring satisfactory information on rest ECG signal. It can be expanded to be a multi-channel ECG amplifier capable of recording the standard 12-Lead system. For the most accurate and reliable ECG results, where and how the ECG electrodes are attached greatly affect the sensitivity of the ECG reading. Furthermore, better results are achieved if digital filtering is employed. A tool was developed for analysis of heart rate variability. This software, which was developed in MATLAB 7, helps researchers to find out more about HRV study. The system integrates the functions of ECG data generation, data collection, storage and processing with integrated hardware and software.
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Abstract:


 Heart rate variability (HRV), a non-invasive index of autonomic controls of the heart, has extensively been employed in study of autonomic nervous system. HRV is regarded as an indicator of the activity of autonomic regulation of circulatory function, although controversy exists over whether this is an accurate metric for analyzing cardiovascular autonomic control. Concurrent technical advances in recent years have yielded methodological techniques capable of performing quantitative analysis of HRV. 


Heart rate variability (HRV) describes the variations between consecutive heartbeats. In HRV analysis either the heart rate as a function of time or the intervals between successive QRS complexes need to be determined. In this paper HRV refers to variability of RR intervals (i.e. intervals between consecutive R peaks). In this system the objective is to collect raw ECG signals from developed ECG board and interface it with the MATLAB Simulink Real time workshop environment for analysis & plots.
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