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    ABSTRACT

This paper is about using a new technology in the medical world. The electrocardiogram is a noninvasive test used to measure the electrical activity of the heart. An ECG can be used to measure the rate and regularity of heartbeats, the position of the chambers and the presence of any damage to the heart. With the development of electronics and its application in medicine it is possible to transmit and process many vital parameters of the human body. The heart diseases, and associated complications, are one of the major causes of death around the world so for this purpose a continuous monitoring of the ECG signal is necessary. The growth in mobile and portable computing devices, in last few years, has led to an increase in demand for wireless data connectivity. Infrared (IR) components offer advantages of low-cost and low-power consumption, no regulatory restrictions, scalability, and very high data rates. An infrared transmission system is comprised of three components, the transmitter, the infrared emitter and the receiver.

INTRODUCTION

An ECG is a measurement of the electrical activity of the heart (cardiac) muscle as obtained from the surface of the skin. As the heart performs its function of pumping blood through the circulatory system, the result of the action potentials responsible for the mechanical events within the heart is the generation of a certain sequence of electrical events. The main goal for the cardiac rhythm project is to develop an affordable and portable solution for ECG signal analysis for remote monitoring of cardiac patients at home.
A user interface to the prototyped device allows the viewing of the waveform of the ECG signals by the patient using PC, equipped with a wired or wireless interface. The data from the set-top box can be simultaneously transmitted to the doctor’s office for remote monitoring and further diagnosis. Figure 1 depicts the overall structure of the various component devices and patient doctor communication links of the ECG system.
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Figure 1: The ECG Monitoring System Components





This results in the development of a portable platform for real-time analysis of ECG signals, which can be used as an advanced warning device for heart abnormalities. The device would make the acquisition of ECG signal data prolific, easy to obtain, and effective. Also, it would facilitate central monitoring of cardiac patients from a nurse’s station, significantly reducing the frequency of visits to check the respective monitors in each room.

HEART ANATOMY

The heart muscle contains four individual chambers, with left and right atriums and ventricles that contract when pushing blood throughout the body. This filling and pushing action is accomplished using specialized one way valves. There are four of these valves, one for each chamber. These valves allow the blood to exit when the chamber contracts, then close to allow the chamber to fill with fresh blood for the next beat. The right side of the heart is devoted to pumping the oxygen depleted blood to the lungs. After the lungs have oxygenated the blood it is returned to the left side of the heart where it is pumped throughout the body. Figure shows the basic anatomy of heart.
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CARDIAC CONTRACTION

Cardiac contractions are the result of a well orchestrated electrical phenomenon called depolarization. Cell membranes move from their negative resting potential to a more positive threshold which ultimately stimulates them to contract.  In the myocardium there are specialized fibers that are very conductive and allow the rapid transmission of electrical impulses across the muscle, telling them to contract. In order to maximize the force of the contraction there is uniformity in the sequence. That is, the atria contract, then the ventricles contract.  This allows both sets to fill properly before ejecting the blood to its next destination. These two sections are independent, yet linked to a single impulse, initiated by the sinoatrial, (or sinus) node. The Sinoatrial (SA) node, located in the right atrium sets the natural pace of the heart rhythm. 
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The electrical impulse has now traveled to the Atrioventricular node (AV), then through the bundle of His, where it branches to both the left and right ventricles. The impulse continues through the Purkinje fibers causing the ventricles to contract and squeezing the blood on its way throughout the body. In the time that this is happening, the atria are resetting for the next beat, or repolarizing. The polarization effect on the muscle cells is due to ionicmolecular level function of the individual cells, and the ionic compounds (including sodium (Na), potassium (K), and calcium (Ca)) contained in the cells.

THE E.C.G. WAVEFORM

A typical cycle of the heart rhythm is shown in the following diagram. The timing pattern is a follows:

1) The P wave is seen. This corresponds to both the atrium contracting (depolarizing) and priming

     the ventricle with blood.

2) The QRS complex is where the stronger ventricles fire, pushing blood through the pulmonary

     artery to the lungs, and through the aorta to the body.

3) The T wave is the time at which the ventricles repolarize themselves for the next beat.
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P-Wave Atrial Excitation
QRS-Complex ‘Atria repolarization + Ventricle depolarization
T- Wave Ventricle repolarization
P-Q Interval Excitation timing delay

Table 1: Electrocardiogram Basic Characteristics





The typical cycle of the heart rhythm is shown in the figure below:
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[image: image6.png]EKG Wave Amplitude EKG Interval Duration
P 0.25 mV P-R 0.12-0.20 sec
R 1.60 mV, QT 0.35 - 0.44 sec
Q 25% of R S-T 0.05-0.15 sec
T 0.1-0.5 mV' Q-R-S 0.09 sec

Table 2:

minal EKG Parameters





By comparing a given EKG wave’s parameters against these nominal values, insight can be found into potential problems. Our system is able to take an EKG waveform from a user and wirelessly transmit it to a receiving unit where the wave can both be viewed on a television monitor as well as analyzed in MATLAB for some of these basic characteristics. 

ECG  RECORDING

In standard ECG recording there are 5 electrodes connected to the patient. They are: right arm(RA), left arm(LA), left leg(LL), right leg(RL) & chest(C). These electrodes are connected to the inputs of a differential buffer amplifier through a lead selector switch. The recording obtained across different pairs of electrodes results indifferent waveform, shapes & amplitude. These different views are called LEADS. Each lead conveys a certain amount of unique information that is not available in the other leads. Leads can be classified in two ways:-

1) Bipolar Limb leads   &   2) Unipolar leads

BIPOLAR LIMB LEADS:- These leads forms an Einthoven’s triangle & are designated as:-

1) Lead I: - The electrodes are placed on RA and LA.

2) Lead II: - The electrodes are placed on RA and LL.

3) Lead III: - The electrodes are placed on LA and LL.

In all the lead connection the difference of potential measured between two electrodes is always with reference to a third point on the body. The reference point is conventionally taken as Right leg.

UNIPOLAR LEADS:- In this arrangement, the ECG is recorded between a single exploratory electrode & the central terminal which has a potential corresponding to the centre of body. Two types of unipolar leads are employed.

1) Limb Leads: - In this, two of the limb leads are tied together & recorded w.r.t. third limb. In the lead identified as aVR, the RA is recorded w.r.t. a reference established by joining LA & LL. In the aVL lead, LA is recorded w.r.t. common junction of RA & LL. In the aVF lead, LL is recorded w.r.t. two arm electrodes tied together.

2) Chest Leads: - It employs an exploring electrode to record the potential of the heart action on the chest at six different positions. These are designated as V1 to V6.
 Once the ECG waveform has been recorded, it has to be amplified and filtered. The waveform is first passed through a preamplifier, which is an instrumentation amplifier. The filtering process is carried through notch filter which is used to remove humming sounds which is then followed by a low pass filter of 0 to 100 Hz. Then the signal is ready for transmission.

TRANSMISSION

The new methods are direct transmissions of ECG in real time for few minutes or few hours, the so-called telemetric ECG. An electronic equipment (including sensors and transmitter) is mounted on the patient's body permitting continuous monitoring of the heart activity and sending the ECG signal to the receiver located in the remote center. The signal is monitored on a central monitor in real time. The transmission can be made either by wire or wireless. For wireless recording many techniques can be used such F.M. circuitry, infra red or blue tooth. But in case of f.m circuitry there is more chances of noises. In recent years, the growth in mobile and portable computing devices has led to an increase in demand for wireless data connectivity. Infrared (IR) components offer advantages of low-cost and low-power consumption, no regulatory restrictions, scalability, and very high data rates. The Infrared Data Association (IrDA) was established in 1993 as collaboration between major industrial organizations in order to establish an open standard for IR data communications.
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Figure 2. System Block Diagram




INFRARED TECHNOLOGY

An infrared transmission system is comprised of three components, the transmitter, the infrared emitter (also called radiator) and the receiver. The transmitter modulates the audio signal onto a carrier frequency using F.M. or digital techniques. The emitter takes the modulated signal and converts it into infrared light. The receiver decodes the infrared signal and coverts it back to an audio signal which is sent to the headphone. In a multichannel system the transmitter generates a carrier wave for each channel. All the modulated carrier waves are mixed, and are fed via a coaxial cable from the transmitter to the infrared emitters. The output of the emitters is modulated infrared light, which is invisible to the human eye. Each user is given their own pocket receiver. This receiver has a lens which collects the infrared light, and directs it to an IR sensitive receptor. The receiver has electronics to decode the received signals, and to output one of the signals (selected by a channel selector) to the headphone connector.
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IR transmitter  

The advantage of an infrared transmission system are fully realized when different programs are required in adjacent rooms, such as a multiplex cinema or conference center. Each room can be equipped with a separate infrared system without interference between rooms. In the case of a multichannel transmission system, a delegate can go from room to room and keep the same channel for their particular language. Additionally, since the signal is transmitted via infrared light there is little change of radio frequency interference.
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IR receiver
ECG SIGNAL ANALYSIS


As the signal is received from the receiver section, it is necessary to further analyze the signal & to verify its correctness. Various parts of ECG waveform has its own importance, but QRS complex is of prime importance. Thus its detection is necessary to understand which is described as below:-

QRS Detection:  After capturing the patient’s ECG signals and converting into digital format, the next step is the identification of different sections of the ECG waveforms. The most important of all the waves in the ECG waveform is the QRS complex. The QRS complex is a waveform that appears in most normal and abnormal signals in an ECG. The elements of an ECG may include a preliminary P wave; a Q-peak (negative amplitude), an R-peak (the most prominent feature), an S-peak (negative amplitude), and a T-wave. The accurate detection of the R-peak of the QRS complex is the prerequisite for the reliable function of ECG analyzers. The recognition of almost all ECG parameters is based on a fixed point identifiable at each cycle. R-peak is suitable for use as the datum point, because it has the largest amplitude and sharpest waveform that can be extracted from EKG. The time and amplitude measurements can be performed when the apex of the R peak is detected at each cycle.

Delayed ECG – QRS: ECG signals, depicted in figure below, seems to be same as the original ECG but the time axis includes delays due to the total processing time of the detection algorithm. Also it shows the locations of detected QRS complexes with respect to this delayed ECG. It is imperative to distinguish between the actual and the delayed time, in particular, when there is a need to display the signals in near real-time to the patient. Also, knowing the delay factor, and developing a solution to minimize it would improve on the system’s overall performance.
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CONCLUSION

With the development of electronics and its application in medicine it is possible to transmit and process ECG & many vital parameters of the human body. Detection of irregularities in the rhythms of the heart is a growing field in medical research. The use of an affordable device for monitoring and analyzing ECG signals at home can provide informative details of a patient and simultaneously alert the doctor of any emergencies while reducing her/his workload. This paper gives a survey of today's solutions for ECG telemonitoring, from an engineer's point of view and presents a development platform of an ECG sensor, capable of transmitting ECG signals via wireless technology. The device would make the acquisition of ECG signal data prolific, easy to obtain, and effective. Also, it would facilitate central monitoring of cardiac patients from a nurse’s station, significantly reducing the frequency of visits to check the respective monitors in each room. The use of telemonitoring of ECG signals has many advantages compared to a classical examination of ECG patients, such as: covering many patients at the same time, covering a large area, real-time information, faster diagnosis, faster therapy and prevention. The logical conclusion is that with the new millennium a new method of monitoring actual and potential heart patients is developing. 
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