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APPARATUS AND METHOD FOR NON-INVASIVE DIAGNOSING OF
CORONARY ARTERY DISEASE

Cross Reference to Related Applications
This application claims priority to U.S. Provisional Patent Application No.

60/464,777 filed on April 23, 2003 entitled "Coronary Artery Diagnostics Using
Signal Characteristic Analysis (CADSCAN)". The disclosure of the above-

identified provisional application is incorporated herein by reference.

Field of the Invention

The present invention generally relates to coronary artery disease and more
particularly to an apparatus and method for determining the severity and location
of a stenosis in a coronary artery of a patient using non-invasive signal processing

techniques.

Backeground of the Invention

Coronary artery disease generally refers to a build-up of cholesterol or
plaque on the interior walls of the arteries of the heart. Figure 1 is an illustration of
an artery 10 having a layef of plaque 12 formed on the interior walls of the artery.
This type of build-up of plaque 12 reduces the capacity of the affected arteries to
carry blood thereby reducing the flow of blood through the arteries and the
amount of blood delivered to the muscles the arteries supply. The plaque 12 can
also weaken the walls of affected arteries. As shown in Figure 2, a crack 14 may
develop in the plaque 12 and cause a blood clot to form in an artery. Many heart
attacks are caused by blood clots in the coronary arteries.

Currently, angiograms are widely used to diagnose coronary artery disease.
An angiogram is an invasive procedure that usually requires cardiac
catheterization wherein a catheter is inserted into the blood vessel being examined.
Figure 3 shows a prior art catheter 16 shown inserted into a patient's 18 blood
vessel 20 starting near the patient’s groin and extending through the blood vessel
and into the patient's heart 22. This type of catheterization process is normally
necessary before angiogram and subsequent angioplasty procedures are
conducted. Normally, attached to the end of the catheter are suitable sensors. In
some cases, the sensors are active sensor heads, which emit a radio frequency

signal of about 1 MHz and project it towards the heart. These sensor heads are
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often positioned close to a patient's heart. The projected signal is reflected off the
arteries of the heart and can be used to determine an approximate location of an
occlusion. An angioplasty is done by inserting a cleaning tool through the artery to
remove an occlusion. In some cases, both the angiogram and the angioplasty
processes are agonizing for the patient and can be dangerous or even fatal.

When an obstruction occurs in an artery, the blood flow through the affected
artery creates more turbulence than in an unobstructed artery. This turbulence
normally generates high frequency sounds especially during the diastolic activity
of the heart. High frequency bandwidth, spread spectrum signals that experience
time and frequency scaling are difficult to decompose with narrow band analysis,
such as Fourier transform, due to its sinusoidal kernel, which approximates the
scaling effect with a Doppler shift. However, this type of high frequency signal
represents an admissible kernel representation for using wavelet transform (WT) in
appropriate signal processing algorithms. A wavelet transform analysis uses a
more general analysis kernel, or mother wavelet.

In “Wavelet Applications in Medicine” by Akay et. al, IEEE Spectrum, 1997
pages 50-56, there are described techniques used in signal processing for detection
of coronary artery disease in healthy and unhealthy patients. Although such
technology has been proposed as providing a reliable measurement, the technology
has not been fully developed and the multiplicity of acoustic sensors proposed has
represented a substantial impediment to widespread usage.

Based on the foregoing, it is the general object of the present invention to
provide an apparatus and method for diagnosing coronary artery disease that
improves upon, or overcomes the problems and drawbacks associated with prior
art methods and tools for diagnosing coronary artery disease.

Another object of the present invention is to provide a novel apparatus for
detecting and determining the position of obstructions in a patient's coronary
arteries.

A further object of the present invention is to provide a novel method of
detecting the location of and the severity of obstructions in the coronary arteries.

It is also an object of the present invention to provide such an apparatus,
which can be readily available, and that is reliable and relatively inexpensive.

Another object of the present invention is to provide an apparatus for

detecting and determining the position of obstructions in a patient's coronary
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arteries, which may be constructed from readily available components at a
reasonable cost to enable the widespread use thereof.

A still further object of the present invention is to provide a non-invasive
method of determining the location and the severity of obstructions in the coronary
arteries.

References:

[1] Metin Akay; “Wavelet Applications in Medicine”, IEEE Spectrum, vol. 34, issue
5, pp50-56, May 1997.

[2] Hemchandra Shertukde, “Hand-held device for non-invasive coronary artery
diagnostics (NICAD)”, sabbatical report, 2002.

Summary of the Invention
The present invention is directed to a non-invasive diagnostic tool for

detecting an obstruction in a coronary artery. The diagnostic tool includes a signal
processor adapted to receive signals corresponding to a heart beat from a plurality
of acoustic sensors attached to the chest of a patient. The signal processor is
programmed to identify a diastolic portion of the signals for a plurality of
heartbeats and to analyze the diastolic portion of the signals to determine the
location of an obstruction in a coronary artery and the severity thereof. The
diagnostic tool includes a display coupled to the signal processor for displaying
data indicative of the results of the diagnosis. A user interface is coupled to the
signal processor for providing user control of the diagnostic tool. In one
embodiment, the diagnostic tool of the present invention is a portable hand-held
device that is attachable to a plurality of acoustic sensors.

The diagnostic tool includes an analog to digital converter coupled to the
signal processor and is adapted to receive signals from the acoustic sensors and
process the signals including at least one of digitizing, synchronizing and
multiplexing the signals, and to transmit the processed signals to the signal
processor. The signal processor is programmed to conduct a wavelet transform on
the signals. The wavelet transform provides time domain and frequency analysis
on the signals for determining the location and severity of an occlusion in a
patient's coronary arteries.

The present invention also provides a method for detecting an obstruction in a
coronary artery of a patient having a plurality of acoustic sensors attached to

his/her chest. The method receiving a signal from each of a plurality of acoustic
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sensors attached to the chest of a patient at known locations. The signals represent
a plurality of heart beats of the patient. A threshold amplitude frequency range is
established for identifying the signals to be evaluated. The signals are processed
for determining the existence of, as well as the severity of an obstruction in a
coronary artery. The method further includes a step of determining a location of
the obstruction relative to the location of one of the acoustic sensors.

The step of processing includes amplifying, digitizing, synchronizing and
multiplexing the signals for further processing. The processing further includes
identifying a diastolic portion of the signals and the existence of a triggering pulse
in the diastolic portion exceeding an established threshold amplitude that is within
a predetermined frequency range. A triggering pulse vibration that exceeds the
threshold amplitude indicates the existence of an occlusion in one of the coronary
arteries.

The processing step further includes conducting a wavelet transform
analysis on various combinations of the signals received from the acoustic sensors.
The wavelet transform analysis provides time delay and frequency analysis of the
signals for calculating translational delay parameters and scale parameters between
any two of the signals. The translational delay parameters and the scale
parameters are used to estimate the time delays for the triggering pulse heart
sounds detected at the sensors. The time delays are then evaluated to determine
the location of the occlusion in one of the coronary arteries. A value of the
translation and scale parameters where the sum of the wavelet coefficient function

is a maximum is identified and used to determine the severity of the occlusion.

Brief Description Of The Drawings

The foregoing and still other objects and advantages of the present invention
will be more apparent from the detailed explanation of the preferred embodiments
of the invention in connection with the accompanying drawings wherein
throughout the figures, like reference numerals describe like elements of the
invention.

FIG. 1is an illustration of a coronary artery showing a build-up of plaque on
the inside wall thereof.

FIG. 2 is an illustration of the coronary artery of FIG. 1 including a crack
defined by the plaque.
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FIG. 3 shows a prior art catheter device as used during an angiogram
procedure on a patient.

FIG. 4 is a perspective view of one embodiment of a diagnostic tool
according to the present invention shown coupled to a plurality of sensors attached
to the chest of a patient.

FIG. 5 is a schematic diagram of the hardware of one embodiment of the
diagnostic tool of the present invention.

FIG. 6 is an illustration of a plurality of acoustic sensors attached to the chest
of a patient as used with the present invention diagnostic tool and method.

FIG. 7 is a graph of a signal representing a typical heart beat.

FIGS. 8A-8D are graphs representing the signals received from the sensors
of FIG. 6.

FIG. 8E is a graph showing the signals from the sensor 36D of FIG. 6
superimposed on the signals from a sensor of FIG. 6.

FIG. 9 is an exemplary graph showing a wavelet transform of the signals
received from sensors of FIG. 6.

FIG. 10 is a flow chart summarizing the steps of the method of the present
invention.

FIGS. 11A-11B illustrate a flow chart showing the steps of the method of the
present invention for initializing a diagnostic tool according to the present
invention and the acquisition of the signal data from the sensors of FIG. 6.

FIGS. 12A - 12E illustrate a flow chart setting forth the method steps of the
present invention for determining the location and degree of an obstruction in a

coronary artery of a patient.

Description Of The Preferred Embodiments

As shown in Figs. 4 and 5, the present invention is directed to a diagnostic
tool for detecting an obstruction in a coronary artery. In the illustrated
embodiment, the diagnostic tool is a portable hand-held unit generally designated
by the reference number 24. The diagnostic tool 24 includes a housing 26
supporting a display 28 and a keyboard 29. A slot 30 is defined by the housing 26
for receiving a flash memory card or flash card 31.

The diagnostic tool 24 includes a processor unit, generally indicated by the
reference numeral 32, disposed inside the housing 26. An interface 34 couples a

plurality of acoustic sensors 36A - 36F via cables 38 to the processing unit 32. In the
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illustrated embodiment the sensors 36A - 36F are ultrasonic patches adhered to the
chest of a patient 18 for monitoring the heart beats of the patient and transmitting
signals indicative of the heart sounds, as will be discussed further hereinbelow. A
typical sensor 37 is shown in Figure 4.

A pre-amplifier 38 is coupled to each of the sensors 36A - 36F for amplifying
the signal received from the sensors and transmitting the amplified signals to a
plurality of operational amplifiers 40 coupled thereto. In the illustrated
embodiment, the operational amplifiers 40 are single ended low noise amplifiers
having a frequency response that is flat to 1 kHz with a nominal gain of
approximately 18 decibels. The operational amplifiers include outputs coupled to
at least one analog to digital converter 42. The analog to digital converters 42 are
for at least one of digitizing, multiplexing, synchronizing and localizing of the
signals received from the operational amplifiers 40 and for transmitting the digital
signals to a digital signal processor unit 44 via a dynamic memory access 46. As
shown in Figure 5 by way of example, the analog to digital converters 42 are
Analog Devices® AD 7864.

The digital signal processor unit 44 includes a digital signal processor core,
(DSP core) 45 coupled to the analog to digital converters 42 for processing the
signals received from the sensors 36A - 36F. The DSP core 45 is coupled to the
display 28 and keyboard 29 via a general purpose input/output interface 48. The
processing unit 44 also includes random access memory (RAM) 50 coupled to the
DSP core 45 as well as an SDRAM interface 52 for coupling the DSP core to
SDRAM memory 54. A Read Only Memory (ROM) 56 is coupled to the DSP core
45 for storing start-up or boot instructions for the DSP core. An external bus 58 is
coupled to the DSP core 45 for coupling the flash card 31 to the DSP core as well as
a modem 60. Both of the flash card 31 and the modem 60 are provided for
transferring data between the DSP core and external devices. The diagnostic tool
24 also includes a battery 62 mounted in the housing 26 for supplying electrical
power to the processor unit 32.

The illustrated embodiment of the present invention includes a portable
hand-held diagnostic tool 24; however, the present invention is not limited in this
regard. In other embodiments, a diagnostic tool in accordance with the present
invention can be arranged as a self-standing tool or mountable in a housing that

supports other related diagnostic tools.
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The digital signal processor unit 44 is programmed with and includes
software designed to process and analyze the signals generated by the sensors 36A-
36F for determining a location and severity of an obstruction in one or more of the
patient's 18 coronary arteries. The software is discussed further hereinbelow.

Referring to FIG. 6, in operation of the diagnostic tool 24, the sensors 36A -
36D are attached to the chest 64 of the patient at known locations with respect to
the heart 22, ribs 66, the base of the sternum 68 and a center line C-C. In the
illustrated embodiment, the base of the sternum 68 is used as a reference point R
having the coordinates (x,, y,, z,). As shown in Fig. 6, a sensor 36A is positioned at
a point A, having coordinates (x,, y,, z,), near a right border 70 of the heart 22.
Typically, the point A is located on the right side of the chest 64 just above the
fourth rib 67 and approximately one inch (1") to the left of the center line C-C (as
shown in Fig. 6). Figure 6 also shows the right and left coronary arteries 72 and 74
of the heart respectively. A stenosis 76 to be detected by the diagnostic tool 24 is
shown at a location S having to be determined coordinates (x,, y,, z,). A left border
of the heart 22 is identified with the reference numeral 78.

Typically, the sensor 36B is positioned at a point B having the coordinates
(%, ¥, 2p) that is aligned opposite the sensor 36A and spaced approximately one
inch (1") to the right of the center line C-C (as shown in Fig. 6). As shown, the
sensor 36B is positioned near the left anterior descending artery 80.

The sensor 36C is located at a point C having the coordinates (x,, y,, z.) and
aligned with the apex 82 of the heart 22 on the left side of the patient 18 between
the chest 64 and the upper arm 84.

The sensor 36D is located at a point D having the coordinates (X4, Va, Zq)-
The point D is approximately one inch (1") to the right of the center line C-C and
aligned with the base of the sternum 68.

Typically all of the sensors 36A - 36D are acoustic sensors, such as, for
example, microphones or piezo electric crystals. For calibration purposes, an R~
Wave sensor is used as the sensor 36D located at the point D.

Figure 7 shows a typical heart beat signal wherein the sound of each
heartbeat produces a heartbeat signal 86 approximately 1000 milliseconds long.
The heartbeat signal 86 includes a systolic signal 88 representing the systolic
portion of the heartbeat signal and a diastolic signal 90 representing the diastolic
portion of the heartbeat signal. The present invention diagnostic tool 24 utilizes the

diastolic signal 90 for identifying a stenosis 76 in the coronary arteries of a patient
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Atblock 102, the signals 37A-37D from each of the sensors 36A-36D are
sampled using a sample size of 88,000 for each sensor in the illustrated
embodiment. Also a data acquisition routine is called. At block 104, a software
trigger is set to identify a triggering pulse having an amplitude in excess of the
threshold amplitude and initiates the storage of the data received from the sensors
36A -36D in a data buffer for further processing. In one embodiment of the method
of the invention, the patient 18 is directed to hold his/her breath during a
predetermined period of time for data acquisition, e.g. 16 seconds.

In a signal processing step (block 104), the multiplexed signals are passed
into a data acquisition board, which samples signals in several channels
simultaneously at a predetermined minimum sampling frequency per channel
which is determined by the Nyquist Criterion. A clock circuit is employed to time
the signals being processed in the multiplexing and processing steps in the DSP
core 45. :

Atblock 106, a wavelet transform signal process algorithm is called to
process the data acquired from the sensors 36A -36D. The scale and translation
parameters are used to determine the location of a stenosis 76. The wavelet
coefficients are used to determine the CADHOC number representing the degree of
the occlusion.

At block 108, the coordinates of the location of the stenosis (x,, y;, z;) and the’
CADHOC number representing an estimation of the degree of blockage in the
artery caused by the stenosis are shown on the display 28.

Figures 11A and 11B illustrate a flow chart showing the steps of the method
of the present invention for initializing the processor unit 44 and the acquisition of
the signal data from the sensots 36A -36D. The data collection is started following
the initialization of the processor with respect to all of the required parameters,
such as amplifier gains, etc. In the illustrated embodiment, the sample size is fixed
at 88,000 samples for each sensor 36A - 36F that is placed on the chest 64 of the
patient 18. The total time needed for the sampling procedure is generally only
approximately sixteen seconds. Following or during the data acquisition process,
the maximum and minimum values of the scale and the translation parameters are
set and saved. The data stored is recalled to be processed by the wavelet transform
processor as set forth below.

The coordinates of the location of a possible stenosis 76 occurring at the

point (X, Vs, Zs) can be identified by calculating the translational delay parameters
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and the scale parameters by employing a wavelet transform analysis on the signals
as shown in Figure 9. Figure 9 illustrates the evaluation of the wavelet transform
coefficients for the different scale "a" and translation parameters "b" for signals
from sensors 36A and 36B. The signals received from any two of the sensors 36A -
36F can be evaluated to obtain the location a possible stenosis 76.

All possible combinations of the signals from the sensors 36 A~ 36F are
processed using the wavelet transform process, and the corresponding time
difference of arrival of the signals are evaluated knowing the speed of sound in the
medium inside the chest 64. Since the medium of the patient's chest 64, consists ‘
mainly of tissue, bones and blood, a typical value of the speed of sound in blood
(water) is chosen as the closest known speed. For example, if the speed of sound in

water is "c" feet/sec, then the location of the stenosis 76 is determined by:
1. (XS - X1)2 + (YS - Yi)2 + (ZS - Zi)2 = C2 . bz/ i= A/ B/ C/ D

The location (xg, ys, 2s,) of the stenosis 76 in the coronary artery is estimated
using MATLAB’s symbolic logic toolbox and the translation parameter "b" at which
the maximum of the wavelet coefficient function occurs.

Figures 12A - 12E illustrate a flow chart setting forth the method steps for
determining the location and degree of the obstruction or stenosis 76. The data
received from any two of the sensors 36A -36F are used to compute the wavelet
coefficients. The values of the translation and scale parameters where the
maximum sum of the wavelet coefficients occurs is saved to determine the
optimum value to be used in the location algorithm. This is the value "b" in
equation (1) above. The process is completed for all possible combinations of the
signals from any two of the sensors 36A -36F. The resulting wavelet coefficients are
stored in an array and later utilized to project the variances that are needed to
evaluate the CADHOC number as described hereinbelow.

The wavelet coefficients evaluated from the wave transform analysis as set
forth above and in the Figures 11A-11B and 12A-12E are used to evaluate the
CADHOC number as shown below.

The variances of the wavelet coefficients are plotted on a semilog plot for
different scale values (a=1 for frequencies 1 KHz to 2 KHz, and a=5 for frequencies
of 62.25 Hz to 125 Hz. The CADHOC number is then evaluated by conducting a

regression analysis of the log-log plot of estimated variance values of wavelet
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coefficients versus their scales. The slope of the regression line yields a CADHOC

value as follows:
CADHOC = (Gama-1)/2
Where, Gama is the slope of the regression line.
The results of the processing from the diagnostic tool 24 are then tabulated
as shown in Table 1 following. Table 1 shows the results of the present invention

10  diagnosis tool and method compared with a prior art angiogram report for a

patient #1.
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Table 1: Format of the final CADSCAN results in chart compared to an angiogram

result

Patient Name: Patient #1

Description of CAD history: Had no Angioplasty. Came in with chest pain. 2-

vessel occlusion.

Final Notes: CADSCAN diagnosis showed a moderate occlusion in the RCA with
CADHOC number of 0.34. The entire artery had this blockage. There was no
occlusion in the LCA and the LAD, but the LCA revealed severe occlusion in the
proximal part with CADHOC number of 0.1.

Eastern CT Cardiologists Association | DDI diagnosis with CADSCAN
Angiogram CADHOC #
Diagnosis
RCA RCA 0.34
Proximal Moderate Proximal
Middle Middle
Distal Mo‘derate Distal
Marginal branch Marginal Branch
Posterior Posterior
Ventricular Branch Ventricular
Branch
LCA LCA
Main Normal
Proximal
Middle
Distal
LAD < 50% LAD
Proximal
Middle
Distal
1% diagonal
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2™ diagonal
LC LC 0.1
Proximal Moderate
Middle
Distal
Note: Legend:
40-55% Mild Occlusion (CADHOC # = 0.5-0.55) RCA: Right Coronary Artery
60-80% Moderate Occlusion (CADHOC # = 0.3-0.49) LCA: Left Coronary Artery
>80% Severe Occlusion (CADHOC # = 0.05-0.1) LAD: Left Anterior
Descending

LC: Left Circumflex
CADHOC # - Coronary Artery Diagnostic Hurst Occlusion Component #
The CADHOC number evaluated by the present invention is tabulated in

Table 2 as follows with respect to the degree of an occlusion:

Table 2. CADHOC #

Description CADHOC # Angiogram Occlusion %
Mild Occlusion 0.5-0.55 40-55%

Moderate Occlusion 0.3-049 60-80%

Severe Occlusion 0.05-0.10 >80%

The present invention diagnostic tool 24 and method of use thereof, utilize
passive and non-invasive acoustic sensors that provide real time and continuous
measurement of heart sounds through the heart 22 and surrounding blood vessels
and tissues. The sensors further provide data sample sets that are utilized by signal
processing techniques using Wavelet Transforms in accordance with the present
invention as set forth above. The signal processing results in the detection of and the
location of an obstruction in the coronary arteries of the patient. A real time user
interface displays the results of the process for real time monitoring of coronary
artery conditions from the collected data sigﬁals. Additionally, the present invention
provides passive and non-invasive real time monitoring and diagnosis of coronary
artery disease in a patient with a portable hand-held device that analyzes and

ascertains conditions of the coronary arteries without a surgical procedure.
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The foregoing description of embodiments of the present invention

diagnosis tool and method have been presented for the purpose of illustration and
description and are not intended to be exhaustive or to limit the invention to the
form disclosed. Obvious modifications and variations are possible in light of the
above disclosure. The embodiments described were chosen to best illustrate the
principles of the invention and practical applications thereof to enable one of
ordinary skill in the art to utilize the invention in various embodiments and with
various modifications as suited to the particular use contemplated. It is intended

that the scope of the invention be defined by the claims appended hereto.
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What is claimed is:

1. A diagnostic tool for detecting an obstruction in a coronary artery, the
diagnostic tool comprising:

a signal processor adapted to receive signal's corresponding to a heart beat
from a plurality of acoustic sensors attached to the chest of a patient,
the signal processor being programmed to, identify a diastolic portion of the
signals for a plurality of heartbeats and determine at least one of the severity and
the location of an obstruction in a coronary artery relative to a location of at least

one of the acoustic sensors.

N

2. The diagnostic tool according to claim 1 further comprising a display
coupled to the signal processor for displaying data indicative of the results of the

determination.

3. The diagnostic tool according to claim 1 further comprising a user interface

coupled to the signal processor.

4. The diagnostic tool according to claim 1 further comprising at least one
analog to digitél converter coupled to the signal processor and adapted to receive
signals from the plurality of acoustic sensors and process the signals including at
least one of digitizing, synchronizing and multiplexing the signals, and

transmitting the processed signals to the signal processor.

5. The diagnostic tool according to claim 1 wherein the signal processor is a
digital signal processor.

/
6. The diagnostic tool according to claim 1 wherein the signal processor is
programmed to conduct a wavelet transform on the signals, the wavelet transform
providing at least one of a frequency analysis and a time domain analysis for the

signals.
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7. The diagnostic tool according to claim 4 further comprising at least one
amplifier coupled to the analog to digital converter and adapted to receive the
signals from the acoustic sensors and amplify the signals and transmit the

amplified signals to the analog to digital converter.

8. The diagriostic tool according to claim 1 further comprising an external bus
coupled to the signal processor for coupling an external device to the signal

processor.

9. The diagnostic tool according to claim 1 further comprising non-volatile

memory for initialization of the signal processor.

10.  The diagnostic tool according to claim 1 wherein the diagnostic tool is

portable.

11. A method for detecting an obstruction in a coronary artery of a patient, the
method comprising the steps of:

attaching a plurality of acoustic sensors to the chest of a patient;

receiving a signal from each of the plurality of acoustic sensors, the signals
representing a plurality of heartbeats of the patient;

establishing a threshold amplitude and a frequency range for identifying the
signals to be evaluated;

processing the signals for determining at least one of the severity of an obstruction
in a coronary artery and a location of the obstruction relative to the locations of the

plurality of acoustic sensors.

12.  The method for detecting an obstruction in a coronary artery of a patient
according to claim 11 wherein the step of processing further comprises at least one

of amplifying, digitizing, synchronizing and multiplexing the signals.

13.  The method for detecting an obstruction in a coronary artery of a patient
according to claim 11 wherein the step of processing further comprises identifying
the existence of an amplitude of the signals exceeding the established threshold
amplitude that is within the established frequency range.



WO 2005/013797 PCT/US2004/012556
17

14, The method for detecting an obstruction in a coronary artery of a patient
according to claim 11 wherein the step of processing further comprises conducting
a wavelet transform analysis on at least two of the signals received from the
plurality of acoustic sensors, the wavelet transform analysis providing at least one

of a time domain analysis and a frequency analysis.

15.  The method for detecting an obstruction in a coronary artery of a patient
according to claim 11 further comprising a step of displaying at least one of a
location of the obstruction relative to a location of at least one of the plurality of

acoustic sensors and an indicator representing the severity of the obstruction.

16.  The method for detecting an obstruction in a coronary artery of a patient
according to claim 11 wherein the step of attaching a plurality of acoustic sensors to
the chest of a patient includes attaching the acoustic sensors at known locations
relative to a reference point identified on the patient's chest wherein the location of

the obstruction is identified relative to the locations of the acoustic sensors.
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A1 4
Initialize the project parameters/constants such as: amplifier

gains, power supply voltage (typically 5 volts) project session,
DSP signal processing algorithms using Wavelet Transforms

ya loY

Initialize ADSP-21065L board and the VDSP ++ drivers.
Record the sensor coordinates with respect to the bottom of the
sternum on the patient’s chest.

| e

Sample the input data from all the sensors with sample size of
88,000 for each sensor. Call CADSCANDDI2000 for data
acquisition from sensors A-D.

v /“’“’f

Set the software trigger and save the data in a data buffer within
sixteen seconds of the initiation as started by the ‘run’ click in
the algorithm. Patient has to hold breath for this time.

v 106

— Call the Wavelet Transform signal processing algorithm
CADSCANDDI2000 for signal analysis to obtain the scale and

translation parameters.
v 2

Dis\play the estimates of the location of coronary artery
blockage [Xs, Vs, zs] within the chest cavity and the CADHOC
# to indicate the severity of occlusion.
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CLEAR THE WORKSPACE VARIABLES

v

DEFINE NUMBER OF SAMPLES = 88,000

SUMMARY
FILE
EXISTS

YES l CLEAR THE
SUMMARY FILE

SET THE SAMPLE SIZE TO THE INITIAL
VALUE

START OF SAMPLE COLLECTION OF
HEART SOUNDS USING SENSORS

v

SAVE THE SAMPLE SIZE VARIABLE

v

CLEAR THE WORK-SPACE VARIABLES

v

RESTORE AND DISPLAY SAMPLE SIZE
VARIABLES

GET THE SIGNALS TO BE ANALYZED “t’

AND ‘f
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SET THE MINIMUM AND MAXIMUM
SCALE PARAMETERS

v

SET THE MINIMUM AND MAXIMUM
TRANSLATION PARAMETERS

I

SET THE MINIMUM AND MAXIMUM
TRANSLATION VALUES

v

CALL THE WAVELET PROCESSOR (WP)
ALGORITHM CADSCANDDI2000, TO
EVALUATE SLOPE AND CADHOC NUMBER
FOR LOCATION IN CORONARY ARTERY,
E.G.RCA ETC.

END
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SET THE MATRIX INDICES: i=1; i=0

v

SET THE SCALE FACTOR TO ITS MIN VALUE

v

( loop-1 ) SET THE TRANSLATION FACTOR TO ITS MIN VALUE

v

( loop-2 )—-» SET THE DESIRED SCALE INDEX ARRAY

v

SET THE SCALE INDEX (m) TO ITS MINIMUM VALUE

loop-3 DETERMINE THE MINIMUM TRANSLATION Minn
P INDEX (Min.n) = [Min TR]/[bo(a0™)]

v

DETERMINE THE MAXIMUM TRANSLATION Maxn
INDEX (Max.n) = [Max TR}/[bo(as™)]

v

SET THE TRANSLATION
INDEX TO ITS MINIMUM VALUE (Min.m)

v
( loop-4 )—b DETERMINE THE SCALING PARAMETER (a) a=ag"™

v

DETERMINE THE TRANSLATION PARAMETER (b) b =nxbgx 85"

v

CREATE AN INDEX ARRAY °‘indx’ OF THE SIZE OF
THE MOTHER WAVELET ‘h’ AND FILL IT WITH 1
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SET A COUNTVARIABLE ‘k’ TO 1 | Posn
¢ = ((kx(ao"™))-hxbg))

( loop-5 >—> DETERMINE THE POSITION VARIABLE (Posn)

Posn<=1

SET INDEX (1,k) TO Posn

\ 4
INCREMENT THE COUNT VARIABLE k
v
SET THE SCALE INDEX (m) TO ITS MINIMUM VALUE

loop-5

USE THE
MATLAB
DETERMINE THE INTERPOLATED MOTHER INTERPOLATION
WAVELET (hintp) FUNCTION ‘intp
‘ FOR LINEAR
¢ INTERPOLATION

SET THE COUNT VARIABLE ‘k’ TO 1
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DETERMINE THE WAVELET COEFFICIENT Ser(1,k)
—> INTERMEDIATE VALUE (Ser) /2))xf(1,k)xhintp(1,k)
INCREMENT TRE COUNT VARIABLE ‘K’ k=k+1

DETERMINE THE WAVELET COEFF (wtCoeff) AT THE wtcoeff =
THE SCALE ‘a’ AND TRANSLATION °b’. IT IS THE Sum(Ser)
SUMMATION OF ALL THE WAVELET COEFFICIENT
INTERMEDIATE VALUES

:

SAVE THE SCALE, SCALE INDEX, TRANSLATION AND
TRNASLATION INDEX, IN THE RESULT MATRIX WITH
INDEX ‘i” AND OFFSET ‘1’

\ 4
INCREMENT THE COUNT VARIABLE ‘i’ i=i+1
\ 2K
INCREMENT THE TRNASLATION INDEX (n) | n=n-+1

Flo. (2 ¢
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v

INCREMENT THE SCALE INDEX (m)

YES
loop 3
NO

INCREMENT THE OFFSET VARIABLE j’ j=i+s
INCREMENT THE TRNASLATION STEP SIZE (by) bp = bg+1

INCREMENT THE SCALE STEP SIZE (ay) ap=apt+l
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DETERMINE THE MAX OF THE WAVELET
TRANSFORM COEFFS AND THE
CORRESPONDING SCALE AND TRNASLATION
PARAMETERS

v

PLOT THE WAVELET COEFFS (log) vs SCALE

PARAMETERS. FIND THE SLOPE OF THE PLOT. CADHOC =
FIND H CADHOC NUMBER

= (SLOPE -1)/2

DISPLAY THE PLOTS, CADHOC (H),
SUMMARY MATRIX AND THE RESULTS OF
LOCATION OF BLOCKAGE
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