CHAPTER 2
GETTING DATA FOR THE SOFTWARE
In this chapter, the data sources for the software developed by the author are explained. There are 3 different data sources for the software. First one is the MIT-BIH database. MIT-BIH database is a set of records that contains different persons heart data information. To read MIT-BIH records some other software like Cygwin and WFBD libraries are needed. The information, installation and using those extra software are explained in this chapter. The second data source is the simulation algorithms. The logic of the used algoritms are explained and illustrated. The third data source is a portable ECG device developed at the Near East University. The device is  a microcontroller based portable ECG unit which has graphical LCD display and RS232 output. The components of the device and working principles are described in detail in this chapter.
2.1 Getting Data From MIT-BIH Database

2.1.1 PhysioBank

PhysioBank is an  archive of well-characterized digital recordings of physiologic signals and related data for use by the biomedical research community. PhysioBank currently includes databases of multi-parameter cardiopulmonary, neural, and other biomedical signals from healthy subjects and patients with a variety of conditions with major public health implications, including sudden cardiac death, congestive heart failure, epilepsy, gait disorders, sleep apnea, and aging. 

PhysioBank contains over 40 databases that may be freely downloaded

The list of all currently available databases in the PhysioBank archives, organized according to the types of signals and annotations contained in each database are:  

· Multi-Parameter Databases. Available signals vary, but may include ECG, continuous invasive blood pressure, respiration, oxygen saturation, and EEG, among others. 

· ECG Databases. Also see Multi-Parameter Databases, most of which include ECG signals. 

· Interbeat (RR) Interval Databases. These contain beat annotations obtained from ECG recordings, but the ECG signals are not available. Also see ECG Databases, most of which include beat annotations in addition to the original ECG signals. 

· Gait Databases 

· Neurological Databases 

· Image Databases 

· Synthetic Data 

2.1.2 ECG Databases 

Several databases of ECG recordings are generally available for evaluating ECG analyzers. They serve several important needs: 

· They contain representative signals. Wide variations in ECG characteristics among subjects severely limit the value of synthesized waveforms for testing purposes. Realistic tests of ECG analyzers require large sets of ``real-world'' signals. 

· They contain rarely observed but clinically significant signals. Although it is not particularly difficult to obtain recordings of common ECG abnormalities, often those that are most significant are rarely recorded. Both developers and evaluators of ECG analyzers need examples of such recordings. 

· They contain standard signals. System comparisons are meaningless unless performance is measured using the same test data in each case, since performance is so strongly data-dependent. 

· They contain annotated signals. Typically, each QRS complex has been manually annotated by two or more cardiologists working independently. The reference annotations produced as a result serve as a ``gold standard'' against which a device's analysis can be compared quantitatively. 

· They contain digitized, computer-readable signals. It is therefore possible to perform a fully automated, strictly reproducible test in the digital domain if desired, allowing one to establish with certainty the effects of algorithm modifications on performance. 

Standards EC38 and EC57 require the use of the following ECG databases:1 

· AHA DB: The American Heart Association Database for Evaluation of Ventricular Arrhythmia Detectors (80 records, 35 minutes each) 

· MIT DB: The Massachusetts Institute of Technology-Beth Israel Hospital Arrhythmia Database (48 records, 30 minutes each) 

· ESC DB: The European Society of Cardiology ST-T Database (90 records, two hours each) 

· NST DB: The Noise Stress Test Database (12 records, 30 minutes each) 

· CU DB: The Creighton University Sustained Ventricular Arrhythmia Database (35 records, 8 minutes each) 

Each of these databases represents a very substantial effort by many workers; in particular, the AHA, MIT, and ESC databases each required more than five years of sustained effort by large teams of researchers and clinicians from many institutions. Nevertheless, it should be recognized that even these databases do not fully represent the variety of ``real-world'' ECGs observed in clinical practice. Although these databases permit standardized, quantitative, automated, and fully reproducible evaluations of analyzer performance, it is risky to extrapolate from the results of such evaluations to expectations of real-world performance. Such extrapolations can be particularly error-prone if the evaluation data were also used for development of the analysis algorithm, since the algorithm may have been (perhaps unintentionally) ``tuned'' to its training set. It should also be noted that the first four of the databases listed above were obtained from Holter ECG recordings; although the frequency response of the Holter recording technique is not usually a limiting factor in the performance of an ECG analyzer, it may tend to favor devices that are designed to analyze Holter recordings over devices that have been designed to analyze higher-fidelity input signals.

2.1.3 MIT-BIH Database 

In this context, a database is simply a collection of recordings (records), available as a set of flat files.
MIT-BIH database was the first generally available set of standard test material for evaluation of arrhythmia detectors, and has been used for that purpose as well as for basic research into cardiac dynamics at more than 500 sites worldwide. The database distributed  on 9-track half-inch digital tape at 800 and 1600 bpi, and on quarter-inch IRIG-format FM analog tape. In August, 1989,  CD-ROM version of the database was produced. 

The MIT-BIH Arrhythmia Database contains 48 half-hour excerpts of two-channel ambulatory ECG recordings, obtained from 47 subjects studied by the BIH Arrhythmia Laboratory between 1975 and 1979. Twenty-three recordings were chosen at random from a set of 4000 24-hour ambulatory ECG recordings collected from a mixed population of inpatients (about 60%) and outpatients (about 40%) at Boston's Beth Israel Hospital; the remaining 25 recordings were selected from the same set to include less common but clinically significant arrhythmias that would not be well-represented in a small random sample. 

The recordings were digitized at 360 samples per second per channel with 11-bit resolution over a 10 mV range. Two or more cardiologists independently annotated each record; disagreements were resolved to obtain the computer-readable reference annotations for each beat (approximately 110,000 annotations in all) included with the database. 
MIT-BIH DATABASE developed at MIT and at Boston's Beth Israel Hospital (now the Beth Israel Deaconess Medical Center) and have previously been distributed in CD-ROM format. 
2.1.4 Selection Criteria of the Records
The source of the ECGs included in the MIT-BIH Arrhythmia Database is a set of over 4000 long-term Holter recordings that were obtained by the Beth Israel Hospital Arrhythmia Laboratory between 1975 and 1979. Approximately 60% of these recordings were obtained from inpatients. The database contains 23 records (numbered from 100 to 124 inclusive with some numbers missing) chosen at random from this set, and 25 records (numbered from 200 to 234 inclusive, again with some numbers missing) selected from the same set to include a variety of rare but clinically important phenomena that would not be well-represented by a small random sample of Holter recordings. Each of the 48 records is slightly over 30 minutes long. 

The first group is intended to serve as a representative sample of the variety of waveforms and artifact that an arrhythmia detector might encounter in routine clinical use. A table of random numbers was used to select tapes, and then to select half-hour segments of them. Segments selected in this way were excluded only if neither of the two ECG signals was of adequate quality for analysis by human experts. 

Records in the second group were chosen to include complex ventricular, junctional, and supraventricular arrhythmias and conduction abnormalities. Several of these records were selected because features of the rhythm, QRS morphology variation, or signal quality may be expected to present significant difficulty to arrhythmia detectors; these records have gained considerable notoriety among database users. 

The subjects were 25 men aged 32 to 89 years, and 22 women aged 23 to 89 years. (Records 201 and 202 came from the same male subject.) 
2.1.5 MIT-BIH Database Record Files
Each database consists of a set of records (recordings), identified by the record name.  In most cases, a record consists of at least three files, which are named using the record name followed by distinct suffixes (extensions) that indicate their contents.
For example, the MIT-BIH Arrhythmia Database includes record 100; 
	File Name
	File Type
	Information Inside The File

	100.atr
	Annotation File
	Annotation files contain sets of labels (annotations), each of which describes a feature of one or more signals at a specified time in the record

	100.dat
	Data File
	(signal) file, containing digitized samples of one or more signals; these files can be very large

	100.hea
	Header File
	(header) file is a short text file that describes the signals (including the name or URL of the signal file, storage format, number and type of signals, sampling frequency, calibration data, digitizer characteristics, record duration and starting time)


The three files 100.atr, 100.dat, and 100.hea together comprise record 100. 
Most records include one or more binary annotation files (in the example, .atr denotes an annotation file). Annotation files contain sets of labels (annotations), each of which describes a feature of one or more signals at a specified time in the record; 100.atr, for example, contains an annotation for each QRS complex (heart beat) in the recording, indicating its location (time of occurrence) and type (normal, ventricular ectopic, etc.), as well as other annotations that indicate changes in the predominant cardiac rhythm and in the signal quality. In other databases, annotations mark other features of the signals. 
2.1.6 Reading the MIT-BIH Database 

In order to use the MIT-BIH database, the analog data must be converted into easy-to-process text format. To do this task some of the open source software should be installed to the developer’s computer. 

Software needed to feed the program with MIT-BIH Database 
          Table 2.1  Softwares needed to feed the program with MIT-BIH Database 

	Cygwin

	PhysioToolkit Software (WFDB library)

	Notepad for Windows


2.1.6.1 Cygwin 

Cygwin is a Linux-like environment for Windows. It consists of two parts: 

· A DLL (cygwin1.dll) which acts as a Linux API emulation layer providing substantial Linux API functionality. 

· A collection of tools which provide Linux look and feel. 
· Cygwin is not a way to run native linux apps on Windows.  

· Cygwin is not a way to magically make native Windows apps aware of UNIX functionality, like signals, ptys, etc.
Cygwin consists of a library that implements the POSIX (Portable Operating System Interface) system call API (application programming interface) in terms of Win32 
  system calls, a GNU (operating system) development toolchain to allow basic software development tasks, and a large number of application programs equivalent to common programs on the Unix system. At this point, almost all open-source programs on Unix have been ported to Cygwin, including the X Window System, KDE, Gnome, Apache, TeX, and various others. A mechanism has been created for installing  syslogd, sshd, Apache and other daemons as standard Windows services, allowing a Microsoft Windows system to function much like a Unix or Linux server. All of these programs are installed through the standard Cygwin setup program, which downloads the necessary packages from the Internet. The setup program can be rerun as necessary to update programs to their latest versions or add or remove programs. 

2.1.6.2 The Basic Functionalities of Cygwin

· A Cygwin-specific version of Unix mount (see Figure 2.1) has been created, which allows arbitrary Windows paths to be mounted as "filesystems" into the Unix file space. Mount information is normally stored in the registry. Filesystems can be mounted as binary (the default) or as text, which performs automatic conversion between LF and CRLF endings. (This only affects programs that call open() or fopen() without specifying text or binary mode. All of the ported Unix programs available through Cygwin setup open files in binary mode if appropriate, and hence data corruption will not occur.) All DOS drives (C:, D:, etc.) are also available under /cygdrive/c, /cygdrive/d, etc. Windows network paths of the form \\HOST\SHARE\FILE are mapped to //HOST/SHARE/FILE. 
· Full-featured /dev and /proc file systems are provided automatically. /proc/registry provides direct filesystem access to the registry. 

· Symbolic links are provided, and use .LNK files (Windows shortcuts), with some special Cygwin-specific info in them and the "system" attribute set to speed up processing. 

· The Solaris API for handling access control lists (ACLs) is supported and maps to the Windows NT ACL system. 

· Special formats of /etc/passwd and /etc/group are provided that include pointers to the Windows equivalent SID's (in the GECOS field), allowing for mapping between Unix and Windows users and groups. 

· Various utilities are provided for converting between Windows and Unix file formats, for handling line ending (CRLF/LF) issues, for displaying the DLL's that an executable is linked with, etc. 
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Figure 2.1  A screenshot of Cygwin console
2.1.6.3 PhysioToolkit Software (WFDB Library)
PhysioToolkit is a large library of software for physiologic signal processing and analysis, detection of physiologically significant events using both classical techniques and novel methods based on statistical physics and nonlinear dynamics, interactive display and characterization of signals, creation of new databases, simulation of physiologic and other signals, quantitative evaluation and comparison of analysis methods, and analysis of nonequilibrium and nonstationary processes. A unifying theme of the research projects that contribute software to PhysioToolkit is the extraction of ``hidden'' information from biomedical signals, information that may have diagnostic or prognostic value in medicine, or explanatory or predictive power in basic research. All PhysioToolkit software is available in source form under the GNU 
 General Public License (GPL). 

2.1.6.4 WFDB Software 

PhysioToolkit's open-source WFDB software for reading and analyzing PhysioBank data (include MIT-BIH data) is usable with and freely available for most of the popular operating systems. 

The WFDB library (a portable set of functions for reading and writing signal, annotation and header files in the formats used in PhysioBank, among others). The WFDB library can be used thesis software written in ASP.NET and other languages. The advantage of incorporating the WFDB library in software over attempting to write code for reading PhysioBank files (apart from the immediate savings of effort) is that support for new file formats and new file access methods is added to the library from time to time, and thesis software can then incorporate this support simply by recompiling or relinking with the latest version of the WFDB library. 

A workable alternative is to use rdsamp and rdann to convert any desired portions of MIT-BIH records into an easy-to-process text format. Sources for these programs are included in the WFDB Software Package; binaries are also available for several popular operating systems. 
2.1.6.4.1 WFDB library

This is a set of functions (subroutines) for reading and writing files in the formats used by PhysioBank databases (among others). Optionally, the WFDB library may be compiled with support for reading input directly from web (HTTP) and FTP servers without the use of a web browser or an FTP client. This optional feature allows applications linked with the WFDB library to view or analyze data such as those available from PhysioBank without the need to download entire records and to store them locally. 
Two optional packages provide interfaces between the WFDB library and software written in a variety of other languages, so that such software can have access to the full range of capabilities supported by current and future versions of the WFDB library. The WFDB_tools package provides this interface for Matlab applications, and the wfdb-swig package provides interfaces for software written using Perl, Python, C# and Java. 

2.1.6.4.2 WFDB applications

A large set of well-tested, interoperable command-line tools for signal processing and automated analysis is included in the app, convert, and psd directories of the WFDB Software Package. 
Two American National Standards, ANSI/AAMI EC38:1998 (Ambulatory Electrocardiographs) and ANSI/AAMI EC57:1998 (Testing and Reporting Performance Results of Cardiac Rhythm and ST Segment Measurement Algorithms) require the use of several of the WFDB applications for evaluation of certain devices and algorithms. For details, see Evaluating ECG Analyzers in the WFDB Applications Guide. 
2.1.6.5 Installing Cygwin and WFDB library
1.Cygwin is installed in a location “c:\cygwin” 
2.The WFDB software package is downloaded as source files. 
3.The working directory for the installation is choosed. This directory must not have any spaces in its pathname. Cygwin home directory is selected. (c:\cygwin\home\);  the archive of sources (wfdb.tar.gz) in this working directory is saved.
4.Cygwin terminal emulator window opened. By default, the current directory within the Cygwin window will be c:\cygwin\home\username initially.             

cd /home/wfdb typed
5.The archive of sources unpacked(using tar, included with Cygwin):

  
tar xfvz wfdb.tar.gz
6. This creates a directory with a name of the form wfdb-10.m.n within your working directory. Look at the list of files printed by the tar command to determine the name of the directory for the next step. 

The package configured, and install: 


cd wfdb-10.m.n

./configure


make install
7.The binaries will be installed in a bin subdirectory of the installation root directory. Be sure that this bin directory is in your PATH. 


make check

This step compiles a short program that exercises the WFDB library, prints a summary of test results, and prompts to press <Enter>. After the steps have done , the WFDB applications are tested. The tests are very short (typically less than a second each), except that the last one (xform using NETFILES) may take up to a minute if there is a slow or inoperative Internet connection. If any application test fails, its output can be found in the checkpkg subdirectory of the WFDB source tree; compare this output with the files of the same names that can be found in the checkpkg/expected subdirectory. 
2.1.6.7 Using rdsamp Program
After installing Cygwin and WFDB libraries rdsamp program is ready to use. 
rdsamp reads signal files for the specified record and writes the samples as decimal numbers on the standard output. If no options are provided, rdsamp starts at the beginning of the record and prints all samples. Each line of output contains the sample number and samples from each signal, beginning with channel 0, separated by tabs. 

Options include: 

	Parameter
	Description

	-f
	Begin at the specified time. By default, rdsamp starts at the beginning of the record.

	-h 


	Print a usage summary.



	-H 


	Read the signal files in high-resolution mode (default: standard mode). These modes are identical for ordinary records. For multifrequency records, the standard decimation of oversampled signals to the frame rate is suppressed in high-resolution mode (rather, all other signals are resampled at the highest sampling frequency).



	-l interval 
	Limit the amount of output to the specified time interval (in standard time format; default: no limit). If both -l and -t are used, rdsamp stops at the earlier of the two limits.

	time 
	Begin at the specified time. By default, rdsamp starts at the beginning of the record.



	-p 


	Print times in seconds and milliseconds, and values in physical units. By default, rdsamp prints times in sample intervals and values in A/D units. Use -p -p to obtain higher precision in the sample values (8 decimal places rather than 3).



	-s signal-list 


	Print only the signals named in the signal-list (one or more input signal numbers, separated by spaces; default: print all signals). This option may be used to re-order or duplicate signals.



	-t time 


	Stop at the specified time. By default, rdsamp stops at the end of the record.



	-v 


	Print column headings.




It may be necessary to set and export the shell variable WFDB. 
    rdsamp -r 100s

which should yield 21600 lines of output, ending with 

     21596
  982
  995

     21597
  978
  989

     21598
  975
  988

     21599
  975
  989

2.1.6.8 Using rdsamp program to get the first 10 seconds data  
To get the MIT-BIH database record as a text file the below command is used and the thesis program is feeded. 
rdsamp 100 –p –t 10 
The description of the command is: Read the record whose name is 100 and print the raw signal for the first 10 seconds (see Figure 2.2). 
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Figure 2.2  The command line for rdsamp 
The output of the rdsamp 
	175.006  -0.230  -0.185

175.008  -0.215  -0.175

175.011  -0.215  -0.195

175.014  -0.225  -0.200

175.017  -0.245  -0.205

175.019  -0.235  -0.195

175.022  -0.235  -0.180

175.025  -0.235  -0.180

175.028  -0.235  -0.195

175.031  -0.240  -0.205

175.033  -0.250  -0.205

175.036  -0.255  -0.205

175.039  -0.250  -0.200

175.042  -0.240  -0.205

175.044  -0.255  -0.210

175.047  -0.260  -0.210

175.050  -0.260  -0.210

175.053  -0.255  -0.205

175.056  -0.250  -0.200

175.058  -0.240  -0.205

175.061  -0.250  -0.210

175.064  -0.245  -0.225


	175.067  -0.255  -0.215

175.069  -0.265  -0.200

175.072  -0.250  -0.195

175.075  -0.245  -0.205

175.078  -0.245  -0.215

175.081  -0.240  -0.225

175.083  -0.260  -0.225

175.086  -0.260  -0.210

175.089  -0.250  -0.205

175.092  -0.255  -0.210

175.094  -0.245  -0.215

175.097  -0.265  -0.225

175.100  -0.275  -0.225

175.103  -0.285  -0.215

175.106  -0.260  -0.195

175.108  -0.265  -0.205

175.111  -0.260  -0.210

175.114  -0.245  -0.215

175.117  -0.265  -0.205

175.119  -0.255  -0.200

175.122  -0.255  -0.195

175.125  -0.245  -0.200


	175.136  -0.260  -0.195

175.139  -0.250  -0.195

175.142  -0.250  -0.195

175.144  -0.245  -0.190

175.147  -0.255  -0.205

175.150  -0.265  -0.205

175.153  -0.250  -0.195

175.156  -0.250  -0.195

175.158  -0.245  -0.190

175.161  -0.245  -0.195

175.164  -0.250  -0.205

175.167  -0.260  -0.210

175.169  -0.255  -0.190

175.172  -0.255  -0.175

175.175  -0.235  -0.195

175.178  -0.245  -0.195

175.181  -0.245  -0.200

175.183  -0.265  -0.200

175.186  -0.255  -0.200

175.189  -0.255  -0.190

175.192  -0.235  -0.190

175.194  -0.235  -0.200




175.006  -0.230  -0.185

The data represented as follows:

175.006: The number of the data in the signal file

-0.230: The raw signal data for channel1 

-0.185: The raw signal data for channel2 
2.1.6.9 Records in the MIT-BIH Arrhythmia Database

This section contains notes and statistics that describe the contents of each record. The leads used for the upper and lower signals are given for each record immediately following the record number. Beat counts are given for the first five minutes of each record and the remainder of the record (the EC38-defined ``learning'' and ``test'' periods, respectively). Note that the totals include two types of non-beats (blocked APCs and ventricular flutter waves) for those few records in which they occur. The total duration of each record is 30 minutes and 5.556 seconds; durations noted below are rounded to the nearest second, and may not sum to exactly 30:06 because of accumulated rounding error. Heart rates are given in beats per minute measured over 3 R-R intervals. 

Record 100 (MLII, V5; male, age 69)
Medications: Aldomet, Inderal

	Beats
	Before 5:00
	After 5:00
	Total

	Normal
	367
	1872
	2239

	APC
	4
	29
	33

	PVC
	-
	1
	1

	Total
	371
	1902
	2273


Supraventricular ectopy
· 33 isolated beats 

	Rhythm
	Rate
	Episodes
	Duration

	Normal sinus rhythm
	70-89
	1
	30:06


	Signal quality
	Episodes
	Duration

	Both clean
	1
	30:06


Points of interest:

11:03 Normal sinus rhythm
25:13 PVC
26:09 APCs
27:55 Normal sinus rhythm

2.2 Getting Data from Simulation Algorithms

In this part the ECGSYN program is described and showed how to use it. The ECGSYN program generates ECG signals which are similar to the real subject’s signals. Changing the parameters inside the program causes to generate different type of signals.
2.2.1 ECGSYN - A Realistic ECG Waveform Generator

ECGSYN generates a synthesized ECG signal with user-settable mean heart rate, number of beats, sampling frequency, waveform morphology (P, Q, R, S, and T timing, amplitude,and duration), standard deviation of the RR interval, and LF/HF ratio (a measure of the relative contributions of the low and high frequency components of the RR time series to total heart rate variability). Using a model based on three coupled ordinary differential equations, ECGSYN reproduces many of the features of the human ECG, including beat-to-beat variation in morphology and timing, respiratory sinus arrhythmia, QT dependence on heart rate, and R-peak amplitude modulation. The output of ECGSYN may be employed to assess biomedical signal processing techniques which are used to compute clinical statistics from the ECG. 
2.2.2 Using ECGSYN - A Realistic ECG Waveform Generator
The steps to use ECGSYN is described below. 

The source files “ecgsyn.m” and “derivsecgysn.m” downloaded from http://www.physionet.org/physiotools/ecgsyn/Matlab/
The Matlab
 program installed to the computer which generates the ECG signal as shown in Figure 2.3. 

The source files opened using Matlab and the signal generated. 
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Figure 2.3  The screenshots when the program starts to generate the ecg signal. 
2.2.3 ECGSYN program parameters

The ECGSYN parameters are given in the following Table:
	Name of the parameter
	Description

	% sfecg:
	ECG sampling frequency [256 Hertz]



	% N:
	approximate number of heart beats [256]



	% Anoise:
	Additive uniformly distributed measurement noise [0 mV]



	% hrmean:
	Mean heart rate [60 beats per minute]



	% hrstd:
	Standard deviation of heart rate [1 beat per minute]



	% lfhfratio:
	LF/HF ratio [0.5]



	% sfint:
	Internal sampling frequency [256 Hertz]




Using above parameters different types of signals can be generated. For example %hrmean variable 50,70,110 bpm (beat per minute) signals generated. The output of this signals in the software developed by the author is shown in Figure 2.4. 
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Figure 2.4 Getting data from simulation algorihm (ECGSYN) Parameters: % hrmean:70 bpm.

2.3 Getting Data From an ECG Device 

This section contains information about a portable ECG device developed at the Near East University which provides both graphical LCD based output and RS232 based outputs. The device originally only had LCD output but the hardware and software have been modified by the author to provide RS232 type serial output of the ECG data.
2.3.1 The Device 

The device is  a microcontroller based portable ECG unit which had only graphical LCD display output. The device consists of: 
· The electrodes used to sense the electrical signals on the body,
· The Data Acquistion Unit (DAU) used to remove the noise and amplify the signal
· Data Processing Unit (DPU) used to convert signals to digital
· Display Unit (DU) which shows the ECG waveforms.  
2.3.1.1 The Electrodes

Electrodes are an important part of any ECG system. They sense the electrical activity in the body and pass the received signals to the amplifiers for amplification and processing.
High quality ECG measurements require:

· Good amplifier design

· Use of good electrodes

· Proper placement of the electrodes on the body

· Good laboratory and clinical practices

An ECG electrode includes:

· The body and casing

· Electrode made of high-conductivity material

· High conductivity wire conductor

· Cavity or similar for electrolytic gel

· Adhesive rim

The skin should be cleaned before the electrode is attached to the skin. The length of the electrode wire should not be long otherwise the wire can act as an antenna and pick electrical noise from the surrounding.

If the electrode is not properly placed on the skin we may get baseline drift which is mainly due to the changes in junction potential or motion artifacts.  The subject should be stationary with no movement at all and one should ensure that a good contact is established between the electrode and the subject.

Most commonly used electrodes conducting material is made of Ag, Ag-Cl, or SiCl. Choice of the electrode material helps reduce the junction potential and thus provide a smooth signal. Ag-Cl type electrodes are commonly used in electrode designs.

Electrolytic gel enhances conductivity and also reduces the junction potentials. However, some types of gels could irritate the skin and thus it should be used with care.  Typically, based on sodium or potassium chloride, concentration in the order of 0.1M is weak enough not to cause any skin irritation. In applications, gel is soaked into a foam pad or applied directly into the electrode housing.

Types Of  ECG Electrodes

Some of the commonly used ECG electrodes are described in this section.

Disposable Electrodes

There are many types of ECG electrodes available in the market. The disposable ones (see Figure 2.5) are made out of a material that is conductive and also adhesive. Usually, polymer is made conductive by adding monovalent metallic ions. The electrode is in the form of small rectangular shaped material having conductive-adhesive polymer mounted on a backing. A small aluminium foil is left at one end of the electrode so that external devices can be connected to this foil. Usually plastic clips (see Figure 2.6) with one face containing a conductor (e.g. metal) are used to make external connection to the electrodes.  The other end of the clip is connected to a wire lead to send the signals to the ECG unit. Gel or any kind of adhesives are not required in this type of electrodes. High resistivity of the electrodes make it unsuitable for low-noise applications. These electrodes are used once and then thrown away.

Some other self-adhesive electrodes are shown in Figure 2.7.
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Figure 2.5  Disposable ECG electrode
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    Figure 2.6  Electrode clips
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Figure 2.7  Some other self-adhesive electrodes

Gold Electrodes

Gold electrodes are highly conductive and they are very suitable for low noise applications.  The electrode consists of a gold-plated cavity which is filled with electrolytic gel. Compared to other types of electrodes, gold is more expensive and it causes higher junction potentials to be created, thus causing baseline drifts.

Metal or Carbon Electrodes

Metal and carbon are also used as ECG electrodes. The problem with these electrodes is that they tend to be bulky and awkward to use. Carbon electrodes have high resistivity and are noisier but they are also flexible and re-usable.

Needle Electrodes

Needle electrodes are invasive, i.e. they have to be inserted into the skin to make measurements. Needle electrodes are used when measurements have to be taken from an organ directly (e.g. from the heart). One advantage of needle electrodes is that very small signals can be detected and measured. Needle electrodes normally consist of a sharp metallic point, an insulated coating, and the wire lead for the external connection.
2.3.1.1.1 The attachment of electrodes to the subject 
To obtain clear signals it is necessary to attach the electrodes at certain configurations.  In Einthoven’s Triangle
  three electrodes are connected in the form of a triangle as shown in Figure 2.5. Two of the electrodes are placed at the wrists (or arms) and the third one is placed in the leg. A 50-ohm coaxial shielded cable is used to connect the electrodes to the Data Acquisition Unit.  
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Figure 2.5  Placement of the electrodes

2.3.1.2 The block diagram 
Figure 1.7 shows the block schematic of the portable ECG unit used to get ECG data.  The overall system consists of: the electrodes, the Data Acquistion Unit (DAU), Data Processing Unit (DPU), and the Display and RS232 Unit (DU).  

















       Figure 1.7  Block schematic of the ECG Unit

The Electrodes are used to sense the electrical potential at pre-determined points of the body.  The Data Acquisition Unit removes any electrical noise present in the signal and amplifies the signal several thousand times.  The signal is then fed to the Data Processing Unit which converts the signal into digital form and scales it. The signal is finally displayed on a graphical LCD display and sent out through the RS232 port.  

The sources of error in the measurement of the ECG signal are:

· Motion artifacts

· 50Hz powerline interference

· Noise from other surrounding electrical equipment (e.g. motors etc)

The ECG signal is so small that it is impossible to separate this signal from noise unless an instrumentation amplifier is used at the input of the system. Instrumentation amplifiers are high gain amplifiers with very high Common Mode Rejection Ratios (CMRR). An instrumentation amplifier basically consists of a difference amplifier designed to reject common mode signals. Thus, using an instrumentation amplifier we can reject the signals which are common to both inputs of the amplifier, such as the noise signals.

The requirements of a typical ECG system can be summarised as follows:

· Capability to sense signals in the range of 1-5mV

· Very high input impedance, > 5M-ohm

· Very low input leakage current, < 1 micro-Amp

· Flat frequency response of 0.05 – 100Hz

· Noise rejection at 50Hz

· High common mode rejection ratio

Figure 1.9 shows the circuit diagram of the ECG unit.

The Display Unit (DU) consists of a graphical LCD display used to plot the ECG waveform.  The display chosen in this design was the popular CRN-12864C graphics LCD using the KS0108B controller.  

This display (see Figure 1.10) consists of 128 horizontal and 64 vertical pixels, arranged as a dot-matrix.  The pixel size is 0.4mm x 0.56mm the dot pitch is 0.44mm x 0.60mm, and the viewing area is 62.0mm x 44.0mm.

The display operates with a single +5V supply and the current draw is about 4mA.  The display is manufactured with two different specifications: with back-light LED, and without back-light LED.  The back-light LED helps to see the display in the dark and this option was not chosen in this design.
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Fig. 1.9  Circuit diagram of the ECG unit
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Figure 1.10  128 x 64 graphics LCD used in the design
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Figure 1.11  Complete ECG unit
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Figure 1.12  All parts of the ECG unit
2.3.1.3   The ECG Unit Software
The software used in the ECG unit was the PROTON+ Basic, developed by the Crownhill Associates Ltd in UK. PROTON+ is a powerful compiler that generates native code which runs on the PIC series of microcontrollers.

The software of the ECG is quite small.  The basic operation of the software is described by the following PDL (program description language):


BEGIN




Declare variables




Configure I/O ports




Configure A/D channel



DO FOREVER




Start A/D converter




Get 128 A/D samples with 10ms delay




Call subroutine DISP



ENDO


END

DISP:


BEGIN



Wait 1 second

Clear the screen



Scale the samples



Display on graphics LCD



Send to RS232 port



Return from subroutine


END

The program listing is given in Figure 1.13.  At the beginning of the program the variables used in the program are declared.  The following variables are used:

RAMPTR:
a pointer used to index the A/D samples received.

SAMPLES:
an array which stores the A/D samples.  This is a word array. i.e.



each sample is 2 bytes long (actually 10 bits wide) and up to 128



samples can be stored in this array

x:

x co-ordinate of the graphics screen

y:

y co-ordinate of the graphics screen

yy:

temporary word variable

XMAX:
maximum value of variable x

YMAX:
maximum value of variable y

I:

temporary variable

Then the input-output ports are configured.  PORT A is configured as inputs, and PORT C, PORT D and PORT E are configured as outputs.  The A/D converter channel AN0 is then configured for 10 bit operation and pointer RAMPTR is initialised to 0.

The horizontal axis (y axis) of the LCD display is used as the time axis, and the vertical axis (x axis) is used to represent the voltage (the amplitude of the ECG waveform).

The main program loop starts with label Loop. The ECG signal is read and converted into digital using the function ADIn and the signal is stored in array SAMPLES, indexed by variable RAMPTR.  The pointer is then incremented by 1 to point to the next location.  This process is repeated until all 128 samples are received and a 10ms delay is used between each sample.  Thus, each horizontal pixel corresponds to a sample, and the total width of the horizontal axis is 10ms x 128 = 1280ms or 1.28 seconds.  In this period, it is expected to see two complete ECG waveforms (each waveform is about 600ms long).

After receiving 128 samples, the program calls to subroutine DISP to plot the ECG waveform.  The LCD screen is refreshed at a rate of one second so that it can be seen clearly before cleared.  Inside this subroutine RAMPTR is cleared to 0 so that it points to the beginning of the array.  Also, XMAX is defined as 1024 and YMAX is defined as 128. This is because the vertical axis (x axis) is for voltage and the voltage can have 1024 quantization levels in a 10 bit A/D converter.  Also the horizontal axis consists of 128 pixels where each pixel corresponds to 10ms.  Thus, the maximum value along the horizontal axis is 128.

Then, a FOR loop is established and the ECG signal is displayed using the PLOT instruction.  Here, the vertical axis is organised such that the 0 point is at pixel location 56 so that any negative going pulses could also be shown on the display, and the x values are configured to be positive vertically.  Figure 1.14 shows the x,y co-ordinates of the LCD screen.  This organisation of the x,y co-ordinates was done using the following assignments:


x = 56 - 56* SAMPLES[y] / XMAX

Thus, when the ECG sample value is 0, i.e. SAMPLES[] = 0, then x = 56 and this is plotted starting from x co-ordinate 56 which is as shown in Figure 1.14.  Similarly, when the ECG sample value is maximum, i.e. SAMPLES[]=XMAX, then x = 0 and this is plotted starting from x co-ordinate 0 which is at the top left corner of the sceen as shown in Figure 8.2.  i.e. the ECG signal is plotted between the x co-ordinates x = 0 and x = 56 where x = 56 corresponds to the new x = 0 point, and x =  0 corresponds to the new x = 56 co-ordinate.

Similarly, the horizontal axis (y axis) is scaled by dividing the SAMPLES with YMAX.

The ECG waveform is plotted by using the PLOT instruction where the x co-ordinate should be specified first, followed by the y co-ordinate.









Figure 1.14  x,y co-ordinates of the LCD screen
'****************************************************************

'*  Name    : ECG.BAS                                           *

'*  Version : 1.0                                               *

'*  Notes   : This is the ECG processing and display program    *

'*                                                              *

'****************************************************************

Include "PROTON_G4.INT"

'

' A/D Variables

'

Dim RAMPTR  As  Word            ' RAM pointer

Dim SAMPLES[128] As Word        ' A/D converter samples

'

' LCD variables

'

Dim x As Float

Dim y As Float

Dim yy As Word

Dim XMAX As Float

Dim YMAX As Float

'

' General variables

'

 Dim I As Byte

'

' PORT Directions

'

    TRISA = %11111111           ' All inputs

    TRISC = %00000000           ' All outputs

    TRISD = %00000000           ' All outputs

    TRISE = %00000000           ' All outputs

'

' Set-up A/D converter

'

    ADIN_RES = 10               ' A/D converter 10-bits

    ADIN_TAD = FRC              ' Use internal RC oscillator

    ADIN_STIME = 50             ' 50 us sample time

    ADCON1 = %10000010          ' Set PORT A analog right justified

    DelayMS 1000                ' Wait 1 second for LCD to initialize

    Cls                         ' Clear LCD screen

'

' Read analog data samples and store in RAM

'

    RAMPTR = 0                  ' Initialize RAM pointer

'=================================================================

'================= START OF MAIN PROGRAM LOOP ====================       

Loop:

    SAMPLES[RAMPTR] = ADIn 0          ' Read Channel AN0 (0 to 1023)

    RAMPTR = RAMPTR + 1               ' Increment RAM pointer

    If RAMPTR = 128 Then GoSub DISP   ' Display on LCD

    DelayMS 10                        ' 10 ms delay between samples

    GoTo Loop                         ' Repeat

DISP:

    DelayMS 1000                      ' Wait 1 sec to freeze screen

    Cls                               ' Clear LCD screen

    RAMPTR = 0                        ' Re-initialize RAM pointer

    XMAX = 1024                       ' Initialize max x value

    YMAX = 128                        ' Initialize the max y value

 '

 ' Plot the samples. There are 128x64 pixels. First scale the screen

 '   

    For yy = 0 To 127

        x=56*SAMPLES[yy]/XMAX         ' Scale the x values

        x=56-x                        ' Offset within the LCD screen

        y=yy*128/YMAX                 ' Scale the y values

        Plot x,y                      ' Plot the points

    Next

    Return                            ' Return from subroutine

    End



Figure 1.13  ECG program listing
Figure 1.15 shows a typical ECG waveform displayed on the graphics LCD display.  Notice that the vertical resolution of the display is not high enough to display the waveform in detail.  It is the author’s opinion that the resolution of the display should be at least 128 x 128 pixels. 
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Figure 1.15   ECG waveform displayed by the LCD
2.3.1.4 Modifying the hardware and software
The ECG device only had LCD based graphical output. The hardware and software have been modified by the author so that RS232 based serial data can be output from the device. This serial data can then be read by a PC for the analysis of the ECG data.

Hardware modification was very simple (see Figure 1.16) and a 1K resistor was added to bit 0 of PORT B (port RB0) of the microcontroller. This data was then fed to the serial input port (COM1) of a PC so that the ECG data can be collected.






Figure 1.16  Getting serial output from the ECG device

The software of the ECG device was written using the PROTON+ Basic compiler. This software had to be modified to send serial data from port RB0 of the microcontroller.

PROTON+ can provide RS232 type serial output either by using a UART type hardware or by using software only to generate the required serial data. Commands HRSIN/HRSOUT and HSERIN/HSEROUT are used to generate UART based serial output. For software based serial input-output the compiler provides the commands RSOUT and RSIN.

In this thesis the simple software based serial output routine RSOUT was used to generate serial data from the ECG device. Before using RSOUT one has to specify the following serial communication parameters:
· Port pin used for serial communication
· Type of interface used at the output of the port (i.e. true or inverted data)

· Baud rate used

In this application RB0 of port B was selected as the serial port, the interface is inverted since a resistor is used at the output of the port, and the Baud rate was selected as 9600 bps. The following lines of code were added to the beginning of the program for the above configuration selection:


DECLARE RSOUT_PIN PORTB.0


DECLARE RSOUT_MODE INVERTED


DECLARE SERIAL_BAUD 9600
The main program loop was then modified to send out the ECG data through the serial port. The new program listing is given in Figure 1.17

'****************************************************************

'*  Name    : ECG.BAS                                           *

'*  Version : 2.0                                               *

'*  Notes   : This is the ECG processing and display program    *
'*                                                              *

'* Program has been modified by adding a RS232 serial output    *

'* routine so that the ECG data can be send out in serial format*

'* and can be read by a PC.                                     *
'*                                                              *

'****************************************************************

Include "PROTON_G4.INT"

'

' A/D Variables

'

Dim RAMPTR  As  Word            ' RAM pointer

Dim SAMPLES[128] As Word        ' A/D converter samples

'

' LCD variables

'

Dim x As Float

Dim y As Float

Dim yy As Word

Dim XMAX As Float

Dim YMAX As Float

'

' General variables

'

 Dim I As Byte

'

' RS232 port configuration. RS232 port is RB0 and the port

' is configured to operate at 9600 Baud and inverted mode
'


DECLARE RSOUT_PIN PORTB.0


DECLARE RSOUT_MODE INVERTED


DECLARE SERIAL_BAUD 9600
'

' PORT Directions

'

    TRISA = %11111111           ' All inputs

    TRISC = %00000000           ' All outputs

    TRISD = %00000000           ' All outputs

    TRISE = %00000000           ' All outputs

'

' Set-up A/D converter

'

    ADIN_RES = 10               ' A/D converter 10-bits

    ADIN_TAD = FRC              ' Use internal RC oscillator

    ADIN_STIME = 50             ' 50 us sample time

    ADCON1 = %10000010          ' Set PORT A analog right justified

    DelayMS 1000                ' Wait 1 second for LCD to initialize

    Cls                         ' Clear LCD screen

'

' Read analog data samples and store in RAM

'

    RAMPTR = 0                  ' Initialize RAM pointer

'=================================================================

'================= START OF MAIN PROGRAM LOOP ====================       

Loop:

    SAMPLES[RAMPTR] = ADIn 0          ' Read Channel AN0 (0 to 1023)

    RAMPTR = RAMPTR + 1               ' Increment RAM pointer

    If RAMPTR = 128 Then GoSub DISP   ' Display on LCD

    DelayMS 10                        ' 10 ms delay between samples

    GoTo Loop                         ' Repeat

DISP:
'

' Send the ECG data to RS232 port (128 bytes, separated with #

' e.g. #50#55#120……)
'
    FOR yy = 0 TO 127

      RSOUT IDEC SAMPLES[yy] 

  ' Send out serial data 

    NEXT yy 
    DelayMS 1000                      ' Wait 1 sec to freeze screen

    Cls                               ' Clear LCD screen

    RAMPTR = 0                        ' Re-initialize RAM pointer

    XMAX = 1024                       ' Initialize max x value

    YMAX = 128                        ' Initialize the max y value

 '

 ' Plot the samples. There are 128x64 pixels. First scale the screen

 '   

    For yy = 0 To 127

        x=56*SAMPLES[yy]/XMAX         ' Scale the x values

        x=56-x                        ' Offset within the LCD screen

        y=yy*128/YMAX                 ' Scale the y values

        Plot x,y                      ' Plot the points

    Next

    Return                            ' Return from subroutine

    End




Figure 1.17  Modified ECG program

A sample serial output data from the modified ECG program is shown in Figure 1.18.



Figure 1.18   Sample serial output from the modified ECG program
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