A LASER BASED TELEDIAGNOSING SYSTEM FOR HEART DISEASES

ABSTRACT:
The analysis of Heart sounds and Heart Murmurs plays important role in the diagnosis of Heart Diseases. This paper deals with The Design of a Laser based Tele-diagnosing system and its Signal processing module. There are two main sections in this paper. The First part deals with the signal acquisition using Electronic Stethoscope. The heart Sounds are first acquired using an electronic stethoscope which has the capability of transferring these signals to the near by workstation using a Laser Transceiver. Then the signals are segmented into individual cycles as well as individual components using the spectral analysis of heart without using any reference signal like ECG. Then the features are extracted from the individual components using Spectrogram and are used as an input to a MLP (Multiple Layer Perceptron) Neural Network that is trained to detect the presence of heart murmurs. Once the murmur is detected they are classified into seven classes depending on their timing within the cardiac cycle

using Smoothed Pseudo Wigner-Ville distribution. The entire setup reveals important information of cardiovascular disorders and can assist general physician to come up with more

Accurate and reliable diagnosis at early stages. It can overcome the deficiency of expert doctors in rural as well as urban clinics and hospitals.
INTRODUCTION:
Heart Auscultation, defined as the process of interpreting acoustic waves produced by the mechanical action of heart is a non-invasive, low-cost screening method and is used as a fundamental tool in the diagnosis of cardiac diseases. It can provide valuable information concerning the function of heart valves and the hemo-dynamics of the heart and has high potential for detecting various heart disorders especially valvular problems. New advanced imaging techniques like EKG, MRI and CT although can provide more direct evidence but require expensive equipment, specialized technicians to operate, experienced cardiologists to interpret the results, high maintenance cost, a permanent place to be installed and generally require more resources to function properly. These requirements are usually met in advanced hospitals and are not suitable in homecare, in rural hospitals and rural as well as urban

Clinics.

Therefore in numerous cases the heart sound diagnosis is the possible, economical and quick alternative to detect the heart condition under emergency conditions. Heart sound analysis by auscultation depends highly on the skills and experience of the listener.

Despite the importance of auscultation the internal medicine and cardiology training programs.

Under estimate the value of cardiac auscultation and the new clinicians are not well trained in this filed. It has been reported that extremely high percentages (as much as 87 %) of patients referred to cardiologists for evaluation have benign heart sounds. So a computer assisted system can help the general physician in coming up to a more accurate and reliable diagnosis at early stages and also can reduce unnecessary referrals of patients to expert cardiologists at a distant. Connecting measuring equipment to computer may present a great challenge when the wire must pass near equipment which generates strong electromagnetic fields or when there is a need of big distance between place of measurements and computer connecting and/or when wiring is simply impossible due natural obstacles .Here wireless technologies become handy.

Until now only radio transceivers could do this kind of job. However radio transceivers are susceptible to electromagnetic noise and can interfere with delicate measurement equipment Also radio FCC licensing presents a problem. But recent advent of cheap laser diodes introduces radical changes to whole picture. Laser beam with its direct point-to- point-only connection opens new horizons. Open-air laser beam technology advantages over radio are following:
• Data channel is resistant to electromagnetic and

Radio noise.
• It does not interfere with other equipment and thus requires no FCC licensing.

As part of our major effort towards developing a system for Tele-diagnosing heart diseases, a signal processing module has been developed that can assist the general physicians. The module uses heart sound signals that are taken as input from an electronic stethoscope which can be made available to the primary healthcare units. These signals are then processed through embedded sophisticated signal

Processing algorithms before a. final diagnosis can be made.
METHODOLOGY:
Data Acquisition and Pre-processing:

The first step is recording of heart sounds. Heart sounds are acoustic phenomena resulting from the vibrations of cardiac structures. Acoustic events of Heart can be divided into two categories (i.e) Heart sounds and Heart murmurs.Heart sounds have a transient characteristics and are of short duration. Heart murmurs have a noisy characteristics and last for a long time. A heart murmur is an extra or unusual sound heard during your heartbeat. Murmurs range from very faint to very loud and sometimes sound like a whooshing or swishing noise. Normal heartbeat sounds--"lub-DUPP" or "lub-DUB"--are the sounds of valves closing as blood moves

through the heart.

A heart murmur is not a disease; it is a sound that the doctor hears with the stethoscope.

It may be normal for your child, or it could be a sign

that something may be wrong. Most heart murmurs are harmless.

Some are a sign of a heart problem, especially if other signs or symptoms of a heart problem are present.
WORKING OF HEART:
The heart is a muscle about the size of your fist. It works like a pump and beats about 100,000 times a day. The heart has 2 sides, separated by an inner wall called the septum. The right side of the heart pumps blood to the lungs to pick up oxygen. Then, oxygen-rich blood returns from the lungs to the left side of the heart, and the left side pumps it to the body. The heart has 4 chambers and 4 valves, and is connected to various blood vessels.

Veins are the blood vessels that carry blood from the body to the heart, while arteries are the vessels that carry blood away from the heart to the body.
CAUSES AND SYMOTOMS OF HEART MURMURS:

1. INNOCENT MURMURS
Innocent murmurs are heard when blood moves noisily through a normal heart. Sometimes these murmurs occur when:

· Blood is flowing faster than usual through the heart and blood vessels attached to the heart

· There is an increased amount of blood flowing through the heart.

Illnesses or conditions that can cause blood to flow faster than usual through the heart include:

· Fever , Anaemia , Too much thyroid hormone in the body. Innocent murmurs are sometimes due to changes to the heart resulting from heart surgery or from aging.
2.ABNORMAL HEART MURMURS
The most common cause of abnormal murmurs is congenital heart disease. Congenital heart disease occurs when the heart, heart valves, or

Blood vessels attached to the heart do not develop normally before a baby is born. Some babies are born with a combination of heart defects.

Common defects that cause murmurs include:

· Congenital sepal defects, which are holes in the wall (septum) that separates the right and left sides of the heart. They account for

More than half of abnormal murmurs in children.

· Congenital valve defects which include narrow valves that do not allow enough blood to flow through them and leaking valves that do not close properly.

Infections and other conditions that damage heart valves or other structures of the heart also may cause murmurs.
HEART MURMURS:
These include: Rheumatic fever, Endocarditis, an

Inflammation of the inner lining of the heart and valves, Calcification (hardening and Poor eating and failure to grow normally (in infants)

SYMPTOMS: Fast breathing, Excessive sweating ,Chest pain Dizziness Shortness of breath, Fainting.
ELECTRONIC STETHOSCOPE:
The stethoscope used here is a modern electronic stethoscope .

There are many modern types for example 3M littmann electronic stethoscope. This electronic stethoscope that offers the very latest in advanced auscultation technology and now features ambient noise

reduction technology (patent pending) that reduces up to 75% of distracting room noise.

This powerful, state-of-the-art electronic stethoscope provides

superior acoustics. With amplification up to 18 times greater than the best conventional stethoscopes, the Model 4100 is specially designed to pick up difficult-to-hear heart and other body sounds without amplifying sounds you don’t want to hear.

Three frequency modes are available for optimal heart and lung auscultation: Bell, Diaphragm and Extended Range. The Model 4100 offers recording, storage and playback capabilities using six separate soundtracks. Instant playback is

available at normal and half speed. Additionally, the Model4100 provides infrared data transmission of recorded sounds to another Model 4100, an IBM-compatible PC, Pocket PC, or Palm Pilot, giving you the option of sharing or storing the sounds.

This stethoscope is interfaced with the Laser transceiver which is capable of transmitting the data in the form of light.

Interfacing diagnostics and monitoring equipment with computers plays a vital role when huge amounts of measurement data must be processed. One of the mostly widely spread interface is RS-232 (serial-port). Howeverthis interface has some limitations, like for example: the distance between terminals is limited to approximately 10 m, it has high sensitivity to electromagnetic noise, etc. In order to overcome some of these limitations the device,

Laser transceiver, is used. The basic idea behind laser transceiver is to empower the

user by making available an open system capable of solving real world data acquisition problems at very low cost. By documenting the design, anyone may build laser transceiver and write software for it.
NEED FOR LASER:
Connecting measuring equipment to computer may present a great challenge when the wire must pass near equipment which generates strong electromagnetic fields or when there is a need of big distance between place of measurements and computer when wiring is simply impossible due natural obstacles here wireless technologies become handy. Until now only radio transceivers could do this kind of job.

However radio transceivers are susceptible to electromagnetic noise and can interfere with delicate measurement equipment. Also Radio FCC licensing presents a problem. But recent advent of cheap laser diodes introduces radical changes to whole picture. Laser beam with its direct point-to- point-only connection opens new horizons. Open-air

Laser beam technology advantages over radio are following:

� Data channel is resistant to electromagnetic and radio noise.

� It does not interfere with other equipment and thus requires no FCC licensing.
OPTIMAL LIGHT LASER PROPERTIES:
In order the equipment could be easily mounted and adjusted the laser beam should be visible. Human eye’s sensitivity depends on the light wavelength, as shown in figure. The second factor is that the beam should not be bright(and thus psychologically distractive), but still visible in order the equipment could be aligned.

Thus, as seen from figure 1, the possible laser wavelength ranges are: 410-500 nm and 640-700 nm. The question is which one is better.

Here the following points come into consideration:

The atmosphere s light absorption in ultraviolet region is much greater than in infrared region;

The shorter wavelength light has more injurious effect to biological objects;

The availability and cost of coherent light sources in both regions – near UV laser technologies pose much more problems than near IR ones. Unambiguously 640-700 nm region is a better choice. The maximum laser power level is defined in IEC 825-1, International standard for the safe use of lasers [2]: “Class3a lasers and laser systems are normally not hazardous when viewed momentarily with the

naked eye, but they pose severe eye hazards when viewed through optical instruments (e.g., microscopes and binoculars).

Class 3a lasers have power levels of 1-5 mW.” Thus we conclude that 640-700 nm 5 mW laser is the optimal choice. And most importantly, the price of laser diodes with needed characteristics has dropped dramatically in recent several years, making them easily affordable even for hobby enthusiasts.
LASER TRANSCEIVER:
Unlike light emitting diodes (LEDs), laser diodes require much greater care in their drive electronics or else they will die – instantly. There is a maximum current, which must not be exceeded for even a microsecond - and this depends on the particular device as well as junction temperature. In other words, it is not sufficient in mostuse a constant current power supply. This sensitivity to overcurrent is due to the very large amount of positive feedback, which is present when the laser diode is lasing. cases to look up the specifications in a data book and just The optical output of a laser diode also declines as it heats up.

This is reversible as long as no actual thermal damage has taken place. However, facet damage due to exceeding the optical output specifications is permanent. The result may be an expensive LED or (possibly greatly) reduced laser emission. Thus we see that special laser diode driving circuit must be implemented into laser transceiver. For infrared data transmission across open space at

ultrashort ranges (up to one meter) The Infrared Data Association (IrDA) has developed specifications [3]. For encoding RS-232 signals into optical impulses IrDA SIR modulation is used because it is mostly closely related to RS-232. The encoding of up to 115.2 kbps (due to UART limitation) is such that '0' is represented by a optical pulse and '1' is represented by no pulse. The pulse is defined as occupying a nominal of 3/16th of a bit period to minimize power dissipation. The pulse width is inversely proportional to the rate of the data. IrDA SIR modulation has a number of advantages over other modulation schemes: It is an established and well supported standard; Laser transceiver consists of two parts: laser diode driver subsection and IrDA transceiver subsection The laser diode driver limits the current flow through the laser diode to an absolute maximum value, and also regulates it on the basis of the signal from the monitor photodiode integrated into the laser diode package. R8 limits the average current through the laser diode, which

reduces laser output if the duty cycle is greater than 20%,

The maximum required for IrDA SIR.
TELEMETRY SYSTEM:
The data from the Electronic stethoscope is transmitted to the Base station(computer with signal processing module) via Laser. The base station has a signal processing module which will be discussed later.

The processed data from the base station is transmitted to the Hospital. Bio-telemetry is process of transmitting Biological information to its surroundings. The means of transmitting the data can take many forms.

The use of Telemetry by which the biological data are put into suitable form to be radiated by electromagnetic fields is called Radio Telemetry. The digital data from the base station is coded in suitable method in order to reduce the error rate. The recent development in the digital communication enables the designer to transmit the data efficiently. There are many pulse modulation techniques among these pulse code and pulse interval modulations are widely used. To have better stability and accuracy sub-carrier is widely used.
AN OVERVIEW OF THE ENTIRE SYSTEM:

SIGNAL PROCESSING MODULE:
The segmentation algorithm is based on the spectral analysis of heart sounds.

It separates the sound into individual cycles with each cycle containing First Heart Sound (S1), Systolic Period, Second Heart Sound (S2) and Diastolic Period in time. Most of the techniques used previously depend the reference of ECG signal or/and carotid pulse for segmentation [5-7]. However to avoid the time synchronization of both heart sounds and ECG signal and to simplify the data collection procedure no reference signal was used. The main idea is that first the location of S1 and S2 were computed and then based on that information the location of systolic and diastolic periods were calculated. The whole algorithm was implemented in Mat lab. The steps involved in the segmentation algorithm are shown in figure 3 [8] and its implementation on a real heart sound is shown in figure 4. Before wavelet decomposition and reconstruction the original signal was down sampled by a factor of four so that the details and approximations can result in frequency bands which contain the maximum power of S1 and S2 which in our case was d4, d5.
HEART SOUND SEGMENTATION ALGORITHM:

FEATURE EXTRACTION:
The features are extracted from individual systolic and diastolic periods using Spectrogram which is a window based Fast Fourier Transform (FFT). Mat lab command to calculate the windowed discrete time Fourier transform using a sliding window called spectrogram was used in the current work. The Hanning Window which has smooth edges compared to rectangular window was used to prevent oscillations in the spectrum known as the Gibbs phenomenon. However due to smooth edges the Hanning window tapers the signal at the edges that eliminates important information present in the signal. In order to avoid this, the windows were overlapped by half the window length. Next the spectrogram was divided into 10 maximum amplitude in each segment was taken as a feature as shown in figure.

segments of equal length and the

DETECTION USING ARTIFICIAL NEURAL NETWORKS:

The Bio-medical Signals have a very complex and un-predictable characteristics so they cannot be modeled analytically in a straight forward manner and conventional signal processing methods are inappropriate for their processing and analysis. Neural Networks, with their inherent non-linear characteristics can provide a powerful framework for performing medical signal processing. Such nonlinear signal processing helps to reveal hidden information in biomedical systems .This has led to the integration of signal processing with intelligent techniques such as neural networks to improve performance .Previous researchers have efficiently used the ANN for detecting and classifying the heart sounds and murmur but the network size being used was quite large that takes time for training and testing the system .In the current work a three layer perceptron neural network with 10 neurons in the input layer, 10 in the hidden layer and one in the output layer was used.

The network detects the presence of murmur and the output is quantified to two values by using a threshold. A backpropagation learning algorithm based on a least mean square error in conjunction with a gradient descent technique was used.
CLASSIFICATION USING SMOOTHED PSEUDO WIGNER VILLE DISTRIBUTION:
The network was trained using batch steepest descent function, that updates the weights and biases of the network only after all the training data has been provided. The goal and the learning rate were chosen carefully to optimize computational complexity while maintaining stability by hit and trial method. Due to the complex nature of heart sounds, the spectral contents are changing so rapidly that traditional time-frequency analysis techniques does not give good resolution. In the current work the application of Smoothed Pseudo Wigner Ville Distribution (SPWVD) was used which uses two windowing functions; one in time domain and other in frequency domain to suppress the interference terms in the WVD and defined as:

SPWVD,[n,k]=Sh[m]Sg[l]*(x[n+m-l)

x*[n-m-l]e^(-j4jkm) t Where SPWVD[n,k] is the SPWVD function, n is the time domain representation, k is the frequency domain representation, h[m] and g[l] are the windowing functions in time and frequency domain respectively, x[n] is the original signal and x[n+ m-l].x*[n-m-l] is the bi-linear product of the x[n].
RESULTS & CLASSIFICATIONS BASED ON SPWVD:
The individual systolic and diastolic periods on applying the SPWVD are shown in figure. Figure(a) and (b) show the systolic and diastolic periods of patient (PT124) suffering from VSD (Ventricle Septal Defect) respectively. The symptoms indicate Pan Systolic Murmur and No Diastolic Murmur. However there are some energy contents in the edges of Diastolic period that might be because of S2 since the boundary calculation algorithm was based on a relative measure of energy and not an exact

value. However this problem can be avoided by using some tolerance factor while calculating the boundaries. Figure (c) and (d) show the systolic and diastolic periods of patient (PT118) suffering from Aortic Regurgitation/ Mitral Regurgitation (AR/MR) respectively. This is a case of multiple murmur and the symptoms indicate Pan Systolic Murmur followed by a quite loud Mid Diastolic Murmur.

The Classification block can classify the murmur into seven different classes depending on the

timing of the murmur within the cardiac cycle as shown in table .

(a) (b) (c) (d)

Figure : Results of SPWVD

Table : Classified Groups

RESULTS OF SPWVD:
CLASSIFICATIONS BASED ON SPWVD:
Early systolic mid systolic.

Late systolic.

Pan systolic.

Early diastolic.

mid diastolic.

Late diastolic.
CONCLUSION:
A Laser based Tele-diagnosing system and its signal processing module was developed. A general physician can interact with the module and get quick preliminary diagnosis of

Heart problems of patients who cannot be easily shifted to advanced hospitals which are at a distance and also who cannot afford high consultation fee and travelling cost. This system uses the Laser to transmit the data from the equipment to the Base station ,which overcomes the disadvantage of wired interface.The Module has a provision of extracting information at the end of every step instead of working as a black box to the user. Such module will be a step towards the development of efficient medical care. It will overcome the deficiency of expert cardiologist in both urban and rural areas.
