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Motion of the human heart gives rise to vibrations and sounds that can be acquired
from the surface of the chest. These sounds contain information regarding the condition
of the heart. There are two principal methods to investigate heart sounds. cardiac
auscultation and phonocardiography. In auscultation, a stethoscope is used for
examination; in phonocardiography, some kind of device is used for recording the
sounds. Cardiac auscultation is widely practiced today as the primary testing method
for finding out what other methods of cardiac examination are needed, if any.
Phonocardiography has become more or less obsolete, and is only rarely used.

There are many reasons for this; one is the rapid development of other methods for
cardiac examination. Another reason isthat there hasn’t been powerful and easy-to-use
phonocardiography systems available.

Thismaster’ sthesis describesthe devel opment of Amore, aheart sound monitoring and
analysis program, which together with PhonoScope phonocardiography pre-amplifier
[1], forms a complete phonocardiography system. Amore has been written for 32-bit
Microsoft Windows operating systems and can be used for monitoring, recording and
analyzing practically any audio signals. Conversions from analog to digital domain and
viceversaare performed with any soundcard complying with the Windows multimedia
interface. Sound documents are stored inthe computer’ s harddi sk using astandardized
file format

Software-aided heart sound analysis has severa advantages compared to traditional
cardiac auscultation using a stethoscope. Maybe the most obvious oneisthe improved
reliability of diagnoses: for example, murmurs at very low frequencies may not be
heard, but can be clearly seen in a spectrogram representation of the sound. Another
significant advantage is that heart sounds can be saved as a part of the documentation,
such as patient information and diagnosis, in asingle file. When necessary, thisfile can
eadly be sent as an e-mail attachment to a cardiology specialist, who can listen to the
heart sound, examine the graphs, compare data to examples in alocal phonocardio-
graphy database and diagnose the finding. Amore and PhonoScope, or even the
software alone, provides a powerful tool for the educational field as well.

Keywords:  Audio, Auscultation, Biosignal, Cardiography, Heart sound,
Phonocardiography, PhonoScope




TEKNILLINEN KORKEAKOULU DIPLOMITYON
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Sydamen sykinta aiheuttaa mitattavissa olevaa rintakehan vararahtelya ja 8ani, jotka
ssdtavat tietoa sydamen kunnosta. Sydanddnien tutkimiseen kaytetdan kahta
perusmenetelmda: auskultointi jafonokardiografia. Auskultoinnissatutkimusvéaineena
on stetoskooppi, kun taas fonokardiografiassa dénet tallennetaan jollakin laitteella
Nykya&an auskultointiakaytetdan ylel sesti ensi sijai senatutkimusmenetel manapyrittéessa
selvittamédan onko sydan terve ja millaisia jatkotutkimuksia tehddan, jos niihin on
tarvetta. Fonokardiografiaa kéytetdan jokseenkin harvoin. Tdhdn on monia syitd; yks
niista on muiden tutkimusmenetel mien nopea kehitys. Toinen syy on ollut tehokkaiden
ja hel ppokayttdisten fonokardiografiajarjestelmien puuttuminen.

Tama diplomityd késittelee Amore-nimisen sydandanten monitorointi ja analysointi-
ohjelman kehitysta. Y hdess& PhonoScope -fonokardiografiavahvistimen [1] kanssa se
muodostaa kokonai sen fonokardiografigj érjestelman. Amore on kirjoitettu 32-bittisille
Microsoft Windows kayttojarjestelmille. Sitd voi kayttda minka tahansa &ani-
signaaleiden monitorointiin, danitykseen ja analysointiin. Muunnokset analogisesta
digitagliseen ja péanvastoin tehddén jollain Windows:n multimedia-rajapintaan
soveltuvalla danikortilla.  Aanidokumentit tallennetaan tietokoneen kovalevylle
standardisoidussa formaatissa.

Tietokoneavusteinen sydandanianalyys tarjoaa useita etuja perintei seen stetoskooppi-
auskultointiin verrattuna. Ehka ilmeisin niistd on diagnoosien suurempi |uotettavuus:
esmerkiks erittdin matalala tagjuusalueella esiintyvét sivuddnet saattavat jadda
kuulematta, mutta ne voidaan helposti néhda éénen spektrogrammiesityksessi.
Toinen merkittéva etu on mahdollisuus tallettaa &énet yhdesséa potilastietojen ja
diagnoosin kanssa yhdeksi dokumenttitiedostoksi. Tarpeen tullen t&llainen tiedosto on
helppo |8hettdé vaikkapa sdhkdpostin liitteend konsultoivalle kardiologille, joka voi
kuunnella sydéanaénid, tutkia kuvagjia ja diagnosoida |6ydoksen kayttden apunaan
ker8amiansad esimerkkitapauksia. Amore, Phonoscope:n kanssa tai ilman sitd, on
varteenotettava tyokalu myos opetuskayttoon.

Avainsanat: audio, auskultointi, biosignaali, fonokardiografia, kardiografia,
Phonoscope, sydanadani
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Praise the Lord!
For it isgood to sing praises to our God;
for heis gracious, and a song of praiseis seemly.
The Lord builds up Jerusalem;
he gathers the outcasts of Israel.
He heals the brokenhearted,
and binds up their wounds.
He determines the number of the stars,
he gives to all of them their names.
Great isour Lord, and abundant in power;

his understanding is beyond measure.

Psalm 147:1-5
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Glossary

A/D

auscultation

amplitude graph
anesthetic gases
cardiology
CD-ROM

DI/IA

ECG

FFT
FIR

geriatrics

IR
MPEG

out-patient

PC
PCG
pediatrics

phonocardiograph

policlinic
RIFF

Analog to Digita (conversion)

the act of listening, either directly or through a stethoscope or
other instrument, body sounds as a method of diagnosis
signal amplitude vs. time presentation

easly inflammable gases used in anesthesia

the study of the heart and its functions in health and disease
Compact Disk - Read Only Memory

Digital to Analog (conversion)

electrocardiogram; detecting and recording the minute
differences in potential caused by heart action

Fast Fourier Transform

Finite Impulse Response; type of digital filter

the medical science dealing with the diseases, debilities, and care
of aged persons

Infinite Impulse Response; type of digital filter

abbreviation for Motion Picture Expert Group compression
standards

a patient receiving treatment at a hospital, but not being an
inmate

Personal Computer

phonocardiography; recording of heart sounds

science dealing with the medical and hygienic care of children or
with the diseases of children

an instrument for graphically recording heart beat sounds
ahospital department at which out-patients are treated
Resource Interchange File Format for multimedia files by
Microsoft and IBM



gn-ratio

soundcard

spectrogram

teleconsultation

THD

transducer

WAV

Windows

Signal-to-Noise ratio, describes the amount of unwanted noise in
asigna

an add-on device inside a computer, which produces and receives
analog sound signals

time-frequency-intensity presentation of a signal

remote consultation utilizing telecommunication

Total Harmonic Distortion, describes the amount of distortion in
asigna

adevice that receives energy from one system and retransmitsit,
often in adifferent form, to another

WAVefile format (a sub-type of RIFF), used by Windows for
audio storage

operating system concept developed by Microsoft; Windows 95,
Windows' 98 and Windows NT are separate operating systems

sharing the same basic concept



1. Introduction
1.1 Background

In the beginning, there was just the idea of multimedia documentation application: heart
beat sounds would be saved along with other documentation, such as patient information
and diagnosis. From the programmer’ s point of view, the most essential problem wasto
develop an application with sufficiently attractive and convincing user interface to be

accepted by cardiologists.

First attempt towards this goal was @ HeartBeat, a 16-hit application for Microsoft
Windows. The basic ideawas to provide a single window, resembling a document page,
for both patient information and an audio graph for one listening point at a time.

Recordings at several listening points could be included in a single document.
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Figure 1.1: HeartBeat v.3.2, main view with spectrogram of the sound at 2.intercostal
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Later on, apossibility to view multiple graphs smultaneously was added. Both amplitude
and spectrogram representations of the sound were available already in early versions.

After a year of development HeartBeat's user interface had reached its final form,
including support for an external control device that could be connected to the serial

communication port of aPC. The main window of HeartBest is presented in figure 1.1.

The results gained with HeartBeat were promising. However, it turned out that the
concept of multiple recordingsin asingle document, at the cost of more complex and less
intuitive user interface, didn't serve the purpose well; typically recording at only one
listening point was needed for the diagnosis. A new approach of single listening point
documentation was taken, and HeartBeat's destiny became to be the predecessor of
Amore, Auscultation M onitor and Recorder. The goal was to develop powerful and yet

easy-to-use phonocardiography software. Theresultsare presented | ater in thisdocument.

1.2 Motivation

Forms of innocent murmur is said to be heard at one time or another in 70 to 85% of all
children [2]. Although heart murmurs are easily heard, classification of heart murmurs
into innocent and pathological by auscultation is strongly dependent on listener’s
experience and training [3]. Nowadays, ultrasound is thought to be the most reliable
method in heart murmur diagnostics. However, ultrasound equipment are mainly foundin

hospitals, and a professional cardiologist is needed to evaluate the resullts.

Part of the motivation for this work is based on the fact that the phonocardiographic
signa has much more clinically useful information than can be assessed by auscultation
alone[4]. Thiscould, properly utilized, significantly improve the possibilitiesto diagnose
innocent murmurs aready in the primary health care. Also, today and almost certainly
even more in the future, electrically exchangeable documents would provide atime and

cost efficient way for cardiologic consultation when that is necessary.



2. Requirements Specification

Software specification is one of the fundamental activities common to all software
projects. In the requirements specification, the functionality of the software and
constraints on its operation are defined. The accuracy and modifiability level of the
specification depends on the selected software development model. In this project,
evolutionary development [5] is used: the activities of specification, development and
validation are interleaved. The initial, rather abstract specification is refined aong the
development processin order to produce a system which satisfies the customer’ s needs.
In this chapter, the requirements specification for the currently available product (fig. 2.1)
is presented. Although the software is only a part of the system, full specification is
included here to help the reader understand how the parts are related to each other.

Figure 2.1: Auscultation with the PhonoScope system
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2.1 General description

PhonoScope - Auscultation Monitoring and Analysis System is an active diagnostic
medical equipment designed for listening, recording, documenting and analyzing
auscultation findings. The system isused by physiciansand medical personnel with special
training. The purpose of the system is to provide an objective tool for analysis of

auscultation findings.
2.1.1 System Overview

The PhonoScope system consists of phonocardiographic transducer(s) and an amplifier,
headphones, a computer equipped with a soundcard, and an auscultation analysis
software. The system is based on the computer, which serves as a display for the
graphical presentations, as a recorder for the phonocardiographic and other optional
signals, as a memory and disk storage for the documentation data. The computer also

offers away to send the auscultation data to other computers and printing devices.

A phonocardiographic transducer
(fig. 2.2) picks up the sounds within
the patient's body and transforms
them into electrica signals. The
transducer is connected to an
amplifier, which amplifiesthe signals
to a suitable level for a soundcard.

Thesoundcardtransformsthesignals

into digital domain for the anaysis Figure 2.2: Headphones and a transducer
software. The software, running

under Windows operating system, is intended for monitoring, recording and analyzing
phonocardiographic and other, optional signals. Only basic skills of using Windows are
needed to utilize al of software’ s functionality.



2.1.2 End Users

PhonoScope is intended to be used by medica physicians and specialized nurses.
End users can be divided to following groups. general practitioners, pediatricians,
pediatric cardiologists, cardiologists, clinical physicians and internal medicine physicians.
A separate group of usersisformed by the pediatric, cardiological and clinical physician
teachers, who teach auscultation to medical candidates. User groups are analyzed further

in this sub-chapter.

General physician

» Uses the product weekly for listening and recording the auscultation findings

Sends the findings of pediatric and geriatric patients to a specialist to get a

second opinion

Knows how to listen, record, document and send the documents to the specialists

» Needs basic user guidance (2 h)

Benefits from the possibility to get a second opinion from a specialist

Specialist for pediatricsor internal medicine

Uses the product daily for listening, recording, analyzing the auscultation findings

» Acts as aconsultant for general practitioners

Knows how to listen, record, document, analyze, and send the documents

* Needs basic user guidance (2 h) and specia training in graphical analyzing (2 h)

Benefitsfrom the possibility to hear and see the graph of findings simultaneoudly, and
to select the policlinical patient material more accurately with better basic screening

and teleconsultation



Senior specialist for cardiology or pediatric cardiology

Uses the product daily for examining patients and receiving consultation requests

from genera practitioners and specialists

Knows how to listen, record, document, analyze, and send the documents

* Needsbasic guidance (2h), special training in analyzing (2h) and teleconsultation (1h)

Benefits from the possibility to give priority to severe cases based on auscultation

findings in teleconsultation requests

Teacher

Uses the product for teaching auscultation and collecting teaching material

Knows how to listen, record, document and analyze the findings

* Needs basic guidance (2h), special training in analyzing (2h)

Interested in recording special cases and using them as teaching material

Benefits from the possibility to record, replay and visualize the sounds.
The students can study the cases without actual patients

2.1.3 Operation environment

In primary health care, the product isintended to be used in out-patient clinics, emergency
rooms, health care centers, occupational health care offices, home visits. In special health
care, it isto be used in hospital clinics and in bed wards. In university hospitals, itisto be
used at the teaching clinics. In the private sector, it is to be used at the pediatric and

Cardiological examination rooms. The product can also be used at veterinary clinics.

It is not allowed to use the product in treatment rooms or any other environment where

there might be anesthetic gases.



2.2 Functions

2.2.1 Auscultation and monitoring

User wears a pair of headphones and places the transducer against the patients body.
During auscultation, the signal can be visually observed on the computer’ sdisplay. When
needed, the amplification level can be adjusted from the amplifier.

2.2.2 Recording and replaying

Heart sounds can be recorded into the computer’ smemory at any timefor further analysis

and documentation. Recorded sounds can be replayed.

2.2.3 Anayzing

Recorded sounds can be examined and analyzed with the software. Both amplitude and
spectrogram graphs are available. The graphs can be viewed in different detail levels.
Simple parameters, such as durations, relative amplitudes and frequencies, can be
measured from the graphs. Signals can be filtered using digital filters.

2.2.4 Documentation and data management

Auscultation document files can be created, opened and saved. A document file consists

of the recorded signals with optional patient and diagnosis information provided by user.

2.2.5 Teleconsultation

Document files can be sent and received using ordinary email communication.



2.2.6 Optiona functions

In addition to audio signals, the system is capable of monitoring, recording and analyzing

also other analog signals, such as outputs from ECG devices.

2.3 Externa interfaces
2.3.1 Amplifier and the signal connections
In the front panel of the amplifier, there are following items:

* again control for input gain and headphone output level adjustment

* apress button for selecting the function of the gain control

a press button for selecting the channel(s) that are directed to headphone output

afive-digit display showing the input gain (in dB) and the headphone output level

two connectors for line level analog input signals

* aheadphone connector

2.3.2 User interface of the software

User interacts with the program viaamouse and a keyboard. Mouse is used for accessing
and controlling most of the functionality, such as making selections and measuring

properties in the graphs. Keyboard is needed for textual inputs, such as patient’s name.

2.3.3 Fileformats

Document file format complies with the Resource Interchange File Format (RIFF)
standard. Signal data are processed in an uncompressed format; no support for
compression algorithms, such as MPEG, is provided. WAV is a subformat of the RIFF
standard, and is thus supported by the system.



2.4 Other requirements
2.4.1 Hardware requirements

Minimum computer requirements

» Pentium PC, at least 200 MHz processor recommended

Microsoft Windows' 95 or Windows NT

* soundcard with analog input and output, installed as a Windows multimedia device
16 MB of RAM (32 MB recommended)

640* 480 resolution monitor, 256 colors (800* 600 with 16-bit colors recommended)

3 MB for the application, 100 MB for documents
(1 GB total hard disk space recommended)

* PhonoScope phonocardiography amplifier or other signal source

Optional hardwar e requirements

» ECG monitor or plotter with analog output for ECG recordings

2.4.2 Anaog input and output signals

Maximum input signal level is8 Vp-p. Signal frequency band is limited by the soundcard
and is typicaly 20 Hz .. 20 kHz. Also the gn-ratio and THD typically depend on the
quality of the soundcard.

2.4.3 Standards

The system should comply with the following directives and standards for medical
equipment:

» EU directive 93/42/ESC

* EN-60601-1-2



2.4.4 Distribution

Every country has a local distributor. Distributors should understand the auscultation

procedure. Distributors give the basic and advanced training and respond to inquiries.
2.4.5 Marketing

Academicandclinica studiesdonewiththeproduct will bepublishedininternationa journas.
Satisfied authorities using the product give public statements recommending the product.
I nfiltration intel econsultation marketsshould occur through video conference product providers.
Initialy the product should be targeted to university clinicsfor teaching purposes, making
future doctorsfamiliar with the product. Later oninthe field they long for the advantages
of the product and insist it from their employers.

2.4.6 Production

Production is done using suppliers.

2.4.7 Service and warranty

Distributor or qualified service company. Warranty for 1 year.
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2.5 Quality plan
The main objectives of the project:

An attractive, high-end product

High sound quality

Intuitive, easy to learn and use

Minimal patient examination time

Helps to make more objective and accurate diagnoses
High mechanical quality

Reliable operation of the system

© N o 0o M w DN PP

WEell documented project management
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3. Design and Implementation

;@} Amore, Auscultation Monitor and Recorder, has been written for 32-bit
Microsoft Windows operating systems (Windows 95, ‘98 and NT). It can be used for
monitoring, recording and analyzing any analog signals that are suitable for an A/D
conversion performed by a soundcard that complies with the Windows multimedia

interface. Signals can be stored on computer’ s harddisk using a standardized file format.

In most software development projects, design and implementation of the product must
go, to some degree, hand in hand. The more detailed design, the better are the odds for it
to get modified as the implementation proceeds. This project began as an experimental
research for an innovative user interface to provide the functionality described above.
As a programmer, it has been a great pleasure for me that the project has preserved its
experimental nature all the way: design was kept pretty much open, even the main

features could be modified as better ideas came along.

Vadidation of the correct functioning of Amore has been performed in severa stages,
primary stage being the real-time testing while generating the code. People who were
using the software in their daily work gave not only error reports, but also valuable
feedback on the user interface. A thorough discussion of risk analysis and validation

procedure would require a separate chapter, and is omitted here.

In this chapter, current design and implementation is presented from four points of view:
system model as data flow and class hierarchy charts, internal and external data
structures, user interface illustrations, and finaly, an overview of algorithms and
functions. However, the best way to get familiar with the user interface and features of
Amore is smply to install it and try it out, utilizing its extensive on-line help features.
Just run the Setup.exe file which can be found in the appendix CD-ROM. In the program
you can get help by selecting Hel p|Contents from the menu, or by pressing Shift+F1 and

clicking a button (or selecting a command) that you want to know about.

12



3.1 System Model

There are two major data flow pathsin Amore: signal input and signal output. These are

illustrated infigure 3.1. Notice theinputoutput connection of audio through monitoring.

Signal Input

phonocardiographic transducer(s)
and amplifier(s)

|

soundcard line-in or analog inputs
of adata acquisition card

method for receiving signal input
data buffers using the Windows
multimediainterface

|

real-time signal preprocessing
(delaying and filtering)

|

signal input, processing load and

Signal Output

headphones or loudspeakers

T

soundcard line-out or analog outputs
of adata acquisition card

method for sending signal output
data buffers using the Windows
multimediainterface

f

reordering and mixing of signal
channelsinto output buffers

f

reading the signal datafor

audio through monitoring; ——— » playback

saving of the recorded signal

Figure 3.1: Sgnal data flow paths

Amoreis programmed in C++ with Borland’ sBC++ 5.02. The class hierarchy isbased on

Borland' s Object Windows Library (OWL). It determinestheroles of inherited classesfor

Windows applications. Figure 3.2 illustrates this division with class and object relations.

Some of the methods and variables of the three main classes (Amore, AmoreFrame and

SoundView) are included to give an idea of the functionality provided by corresponding

objects. Edges of the OWL base class boxes are rounded. Different lines are used for

describing the (class) inheritance and (object) parenthood relations. Some of the minor

classes, such asfilei/o and small control classes, are not included in this figure.

13



( OWL Tapplication) ( OWL TDecoratedFrame)

Amore

LoadConfiguration()
SaveConfiguration()
FindFile()

OpenFile()

SaveFile()

CloseFile()
GenerateTempName()
RescanDatabase()
SetApplicationPath()

string AmoreFolder
string DatabaseFolder
struct AmorePreferences
struct FileData

struct ToolData

struct FilterData

_| InformationDialog

( OWL TWi ndow)

( OWL TDiaog )

Y

DataBaseDialog

. | CommentDialog

DirectoryTreeDialog

| PreferencesDiaog

FindDocumentDialog

DisplaySetupDialog

ColorPreferencesDialog

SpectrogramSctupD.

| ToolListDialog

| | ProcessingDialog

AmplitudeViewSetupD.

| PasteDialog

HardwareSetupDialog

| TextEditDialog

FilterSetupDialog [——

FilterInfoDialog

Relations:

child class —» parent class

child object —< parent object

Figure 3.2: Class and object hierarchy chart
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AmoreFrame SoundView
SetupWindow() SetupDisplay()
Paint() ResetColors()
PrintFile() CalculateNewPal ette()
ExecuteDialog() SetObjectColor()
InitMenuPopup() UpdateView()
Zoom()
bool forcelO SaveScreenBitmap()
SetupProcessing()
CheckDiasplayFilters()

StartlO()

StoplO()
MmWimData()
MmWombDone()
RechannelizeOutput()

DoMonitor()
DoFFT()
DofFiltering()
DoDelay()
StartRecording()
StopRecording()

Trim()
ReadRIFFBlocks()
WriteRIFFBlocks()
L oadDisplaySetup()
BrowseComments()

TRect SoundViewRect
TRect SelectRect
TBitmap screenBitmap
int level DisplayHeight
HPEN foregroundPen
long viewBegin

long viewL ength

long position

bool monitoring

bool monitorLevel
bool monitorThrough
bool recording

bool playing

int snapshotTime
float sin[], cog[]

long real[], imag([]

SetupSnapshotM onitoring()




3.2 Data Structures

A critical question in software design is the format of data structures. how large
structures should be used, how the data are divided in separate structures, and what kind
of version control is used for minimizing the problems caused by software evolution.
Structure definition solutions can have even more crucia, positively or negatively, effects

on the development process than the selected class hierarchy.

In Amore, the data associated with one dial og (such as patient- and diagnosisinformation,
pre- and postprocessing data, filter data, preferences, tools, display setups etc.) are
generally stored in asingle structure: Version information isneeded only for permanently
stored data, and is thus included in the file headers instead of the structures themselves.

The data types used in this sub-chapter are explained in table 3.1.

Datatype name | Explanation (in C++ terms)

bool boolean value (true or false)

char unsigned character (= byte)

wor d 16-bit unsigned integer, Least Significant Byte first
dword 32-bit integer, Least Significant Byte first

float 32-bit floating point

string unsigned char (byte) array, ended with ‘Ox1A’
char(] unsigned char array with a given length

struct data structure

Table 3.1: Data types
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3.2.1 Internal Data Structures

Perhaps one of the most obvious data structures needed in Amore is the one for patient
and diagnosis information. PatientDiagnosisData structure is given in table 3.2 as an

example of numerous structure definitionsin Amore. Size is always given in bytes.

Data description Datatype | Size
Name string < 100
Person ID string <20
Age: “years.decimas’ float 4

Sex (O=male, 1=female) char 1
Weight: “kg.decimals’ float 4
Height: “ metres.centimetres’ float 4
Listening points (bitfield: bit 0 = Apex, bit 1 = Back, ...) dword 4
Description of the “other” listeningpoint string < 50
Status of the patient string < 2000
Diagnosis string < 200
Creation date of the document string < 100
Creation place of the document string < 100
Author of the document string < 100
Read Only -protection flag (O = read/write, 1 = read only) | char 1

Table 3.2: PatientDiagnosisData structure
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3.2.2 File Formats

Severa file formats are used by Amore for storing configuration information and
temporary data. Most commonly used file format consists of a short, descriptive header,
followed by a binary data structure. Length of the header is typicaly stored in the first
byteasasingle char. Thiskind of format is used for saving user preferences, display and
processing data structures, filter definitions, tool definitions and database index data

These files are intended for internal use only.

More compatible format is selected for the document files; it complies with the RIFF
standard. Document files consist of multiple data blocks, each having a standard RIFF
header. File name extension used by Amore documentsis .AMR. Document files can be
opened with all programs complying with the RIFF standard; however, only the signal
datablock isgenerally supported and availablein other applications, such asaudio utilities
for Windows . The blocks used in .AMR documents are presented in table 3.3.

Block description Block name Header size
Digital signal data (table 3.4) WAV Efmt 44
Comment data (table 3.5) WAV Ecomm 31
Display setup data (table 3.6) WAVEdisp 29
Patient information and diagnosis data (table 3.7) | WAVEinfd 29

Table 3.3;: Sructure of the . AMR document files

17



Each . AMR document beginswith the signal datablock (table 3.4). Thisformat isused by

Windows audio waveform ((WAV) files.

Data description DataName | Datatype | Size
"RIFF" initials char(] 4
Size of this RIFF header (typicaly 36) hsize dword 4
RIFF block name “WAVEfmt “ block name | char(] 8
Format block size (typically 16) fsze dword 4
Signal format (1 for Pulse Code Modulation) | sformat word 2
Number of signal channels channels word 2
Signal sampling frequency (Hz) sfreq dword 4
Average bytes / second avgbps dword 4
Block alignment (bytes for one sample) blockaign wor d 2
Sampling resolution (bits/ sample) bits wor d 2
“data’ datalnitials | char(] 4
Signal length (in bytes) length dword 4
i = LOOP length/blockalign, j = LOOP channels {
sample; data type depends on the resolution: | sampl€|i][j] | char or max. 2

8 bit samples: unsigned char (0...255) signed

16 bit samples: signed integer 16-bit

integer

} j,i LOOP END

Table 3.4: Sgnal data block (the WAVEfmt block in .\WAV files)
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The additional RIFF blocks are appended to the end of the document, right after the
signal data. Detailed block structures are given in tables 3.5, 3.6 and 3.7.

Data description DataName | Datatype | Size
"RIFF" initials char(] 4
Size of this RIFF header hsize dword 4
RIFF block name “WAVEcomm * block name | char(] 8
Header sub block size (3 bytesinversion 3) | subsize dword 4
Comment data version number version char 1
Number of comments comments word 2
“data’ datalnitials | char(] 4
Data length (in bytes) length dword 4

i = LOOP comments {

X-position (byte offset from the beginning) | xPog[i] dword 4

Y -position (proportiona placement) yPodi] dword
Associated view type viewType[i] | word

Associated signa channel channel[i] word 2
Length of the comment text (in bytes) lengthli] wor d 2
Comment text text[i] char(] lengthli]
} i LOOP END

Table 3.5: Comment data block (WAVEcomm)
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Data description DataName | Datatype | Size
"RIFF" initials char(] 4
Size of this RIFF header hsize dword 4
RIFF block name “WAVEdisp “ block name | char([] 8
Header sub block size (1 byte in version 1) subsize dword 4
Display data version number version char 1
“data’ datalnitials | char(] 4
Data length (in bytes, 10528 in version 1) length dword 4
DisplaySetupData structure dData struct length
Table 3.6: Display setup data block (WAVEdisp)

Data description DataName | Datatype | Size
"RIFF" initials char(] 4
Size of this RIFF header hsize dword 4
RIFF block name “WAVEinfd “ block name | char([] 8
Header sub block size (1 byte in version 1) subsize dword 4
Patient / diagnosis data version number version char 1
“data’ datalnitials | char(] 4
Data length (in bytes) length dword 4
PatientDiagnosisData structure dData struct length

Table 3.7: Patient information and diagnosis data block (WAVEinfd)
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3.3 User Interface

Amore project began as a research for an attractive and intuitive user interface which
would help to increase the reliability and efficiency of heart murmur diagnosing.
Informative and fast visualization was a key objective right from the beginning. In this
sub-chapter, the visible results of the development work are presented and explained in
broad outline, as an attempt to answer the question “What does it look like, and why?’.

User interactions and the functionality of Amore are described more accurately in 3.4.2.
There are two basic operation states in Amore; monitoring and analysis. A typical
monitoring display can be seenin figure 3.3: signal graphsand the level indicators (on the

left side) are updated as new input is received. By default, graphs slide from right to | eft.

»+ Amore - Auscultation Monitor/Recorder

File Edit Info “iew Action Setup Toolz Help

= OO
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: { 211
Pl bA-L  dild !
-96 ([l 2 3 5 b

Phanal0] - monitaring 0% processing load CAPS IW SCRL m
Figure 3.3: Auscultation Monitor/Recorder v.4.7, currently monitoring input signal

o 'l
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Record button is the one with a big, red, round spot on it. There are two aternative
recording methods: either continuous recording (until stopped), or a“snapshot”. When
the snapshot method is used, a circular buffer (size of which can be changed) is
continuoudly filled with input signal. Display contents correspond to the snapshot buffer;
infigure 3.3, abuffer of 7 secondsisused. The buffer is saved at any time by clicking the

Record button.

Level indicators show the current signa amplitude in decibels (dB). Input levels are
shown on the left side, output levels on the right side of the spectrogram color map.

Level peaks are displayed with adarker color shade and with a slower attenuation rate.

The signal display consists of one ore more user defined views, each having one input
sgna channel associated with it. The graph type (amplitude or spectrogram) and
appearance can be modified according to the needs and preferences of the user;
appearance diaogs are presented in figures 3.5 and 3.6. Filtering and normalization of the
displayed graphs can be done without altering the actual data. Also, the optional output
channd for playback can be selected in arange that is supported by available hardware,
i.e. the computer’s soundcard or a data acquisition board. Default display setup along
with other user defined setups can be saved. Display Setup dialog is shown in figure 3.4.
When the left mouse button is clicked, a selection/edit control appears at current position.

Display Setup

Wi | Input | Cutput | Dezcription | Type | Height | Appearance | Filter | MHormalized |
1 1] - ECGI) ECG automatic Wiew 1 - Ve

2 1 ¥ | Phono at Apex Fhario automatic Wiew 2 remaove low hum Ve

3 1 k Spectrogram at &pex  Spectrogram 407 Wiew 3 remaove low hum ez

4 3 | Respiration Reszpiration  automatic Wiew 4 remove high noize Mo

5

LClear | Load... | Save... |

Figure 3.4: Display Setup dialog
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Phono Appearance. view 2

— Appearance
¥ show exact sample positions
¥ ill envelope curve
¥ | uze atsalutedivalies

Calculation Method
™ amplituds
¥ envelope of Iﬁ ms averages
with amplification of Iﬁ

— Colors

| & interior
-  autline

I

Fezstore

Drefaulks

VDK

Figure 3.5: Appearance dialog for amplitude type graphs;
here, a Phono sub-type is selected for view 2

Spectrogram Appearance, view 3

— Specifications
Spectrogram Type
*  magnitude [dE]

FFT *indaw Funchion

" Hamming [-41dE, -EdB/octave)
™ Blackman [-57dE, -18dE foctave)

™ power of FFT energy, exponert =

% Hanning [-31dE sidelobe, -15dE foctave rolloff]

— Colar Palette

Hue

ID.EE

i Nin e B i

FFT *indow 5 amples: IE'IE data, |1EIE4 tokal

Freguency Band from IEI

to {1000 Hz

— Preferences

f-

Change
blue -» green -» red
blue -» cyan -» white
green -» pelow - white
red -> pellow -> white
black -= white
white -» black

Intenzity

high

Frequency Axis Type
i linear

™ logarithmic

[T Frequency Tracking with IH sthneshold

Smar ErEqUEREEs [Tofm I?EI

Muzical Staves
[ G-key [from el to £2]
[ F-key [from E to a)

™ overespozed

1000 (Hz

anncel

Figure 3.6: Appearance dialog for spectrograms,
default settings are selected for view 3

23




By default, the hardware for signal input
and output is automatically selected.
Input and output devices can be selected
independently. Available frequency and
resolution range

detected, as wdl

is automatically
as the maximum
number of signal channels, and whether
or not the selected hardware is capable
of simultaneous input and output.
Hardware Setup dialog is shown in
figure 3.7.

Recording method, four

Hordwore Setwp |

— Input Device

Iselected autornatically j

Input Channels Available: 2

Sampling Besalution
™ 8 bitz/zample
12 Bits=ample
¥ 1E bitz/zample

Sampling Erequency

— Output Device
T ahiti Quad 'wave Ou j

Output Channels Available: 2

COutput Frequency Range: 11025, 44100
Output Resolutions Available: 8, 12 and 16 bits
Simultaneous input and output iz poszible

V 0K anncel ? Help

monitoring options and the

Figure 3.7: Hardware Setup dialog

temporary file folder can be
changed in the Preferences
diaog (fig. 3.8), dong with

Preferences

Recarding
some other settings. When

audio through monitoring is " snapsh

" continuouz

— Monitaring
W scralling wiew
¥ level display
V¥ audio through

ot of I? seconds

selected, both input and

Falder for termparany files

. EATEMP Erowse... V¥ focus sensitive
output level indicators are
. . L — Time urit Apply zoarming ...
displayed during monitoring. - :
This can be seen in fig. 3.3. " sample " to the end
_ _ % zecond v automatically ta | 2000 ma
Automatic zooming can be

applied to newly recorded or
opened signals. Thereisaso
an option for resetting the
display setup and hardware
to default values for all new

documents.

— Mew documents
W reset display and hardware to defaults
W bring up the information dialog when saving

V| | o] | D

Figure 3.8: Preferences dialog
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When a new signal is recorded, or a saved document is opened from the database, the
appearance of Amore changes dightly (fig. 3.9):

* input monitoring is turned off and the input level indicator disappears

* ascroll bar appears at the bottom of the display

* grid lines for amplitude graphs appear

» Save, Print, Play and Zoom buttons become enabled

» for saved documents, the name of the document is displayed in the window’ s caption

» dgna length is displayed in the status bar (at the bottom of the window) along with

additional information related to the views, current selection, comments etc.
» when cursor is moved over the signal, labels are displayed on the horizontal and

vertical axes, aswell asin the intensity color map for spectrogram views

»#+ Amore - Healthy Heart. AMR

File Edit Info “iew Action Setup Toolz Help

r"l"v 0|>|-|E=]@@]E | |
0 dB S
=5

S | I L

(]

-#4

-al

ST [ R A

30

Hd

-4 i ! (L

e

ol

11

A

211

+ ‘ ' ¥ --hin- l. '*‘" -
1135

0:01.017

»

| tatal playing time: 7 secands (440 Hz = a1) [CaPs [NUM [SCRL [OvR

Figure 3.9: Document “ Healthy Heart. AMR” ready for analysis
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Figure 3.10 illustrates the area selection and measurement features of Amore. When the
cursor is moved over the signal graphs while the left mouse button is held down, a
measurement line is displayed, and additional information is displayed in the axis labels;
in this case, the pulse seems to be ca. 90 bpm. The selection is displayed also after the
mouse button is released. Comment marks (an exclamation mark inside a blue circle) can

be added and positioned freely nearby interesting positions.

@+ Amore - Auscultation Monitor/Recorder

File Edit Info “iew Action Setup Toolz Help

r"I"v 0|>|l|@[°]@]5_|_|
0 dB Phono(0]

=

) I T T | IO SRR | R

-14

-4

=50

| Phona(0] - 0:00.661 selected (30.7 bpm) [CaPs [NUM [SCRL [OvR

Figure 3.10: Analysis of a biosignal

Comment at 0:00.25%0, 150 Hz [channel D)

Commmt teXt IS Shown Whm the cursor Matice the gpot on the left [at 150 Hz); ;I Mext |
this iz typical finding faor the innocent

moves over a comment mark. If a mark vibratory murmu. EreviDUS|

. . . . +| E

is clicked, a comment dialog (fig. 3.11) | e

appears, with the associated comment. v | | Meacs ? Help

Figure 3.11: Comment dialog
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It isimportant to fill in at least the most essential parts of the patient information for al
new documents. This is why the Patient and Diagnosis Information dialog (fig. 3.12) is,
by default, always displayed before new documents are saved. Some of the fields in the
dialog are filled in automatically, either when the dialog is opened (Creation Date) or
when the information can be derived from data in other fields (Age and Weight Index).

There are three of four field groupsin the dialog, depending on how you prefer to seeit:

+ patient information: name,

Clear I Festore Old D ata | Load Data Fram... |
person ID, age, sex, wei ght Patient Infarmation
. MName ITiivi Taavi
and height -
g Perzon |D |12EI?'93-1 234 = Male Weight |23 ka Index
Age |4.EI VEAls = Eemale Height |112 i |18.3

* one or more listening points
can be selected either by

pressing the buttons or by

Status

|| degree innocent vibratory murmur, ;I
patient feels better than James Brown,

Diagnosiz
|F|D1 Oibratany murmur j

selecting them from the list

— Document Infarmation
Creation Date [12. July 1937
Lazt Modified |25. hdayw 1939

Flace IJ orvi

* patient status and diagnosis;

some standard diagnoses

Author I.-’-'mna-Leena Mopanen

are given in the drop-down I~ Read Orly Pratection
list; they can be edited and

appended as is necessary v oc| | Moace| | P e

« When, Where and Who Figure 3.12: Patient and Diagnosis Information

-information, and a switch cavn Docienani Az
to protect data as read-only Savein |\ Evaples -l & e
Mame | Size | Tupe | Modified &
@+ 1Echannelz.aMA 41EKE  Amore Document  23.5.1933
. . @ 4 channel PCG.AMB 3527KB  Amore Document 14519937
Save As... didog (fig. 3.13) #®: K. Normal control AMF E3KE  Amore Document  1.7.1999 1
A i @ K02, Yibratorn murmur.akd® BEKE  Amore Document 2451399
IS d|Sp| ayaj When a hew @ 03 Pulmonic ejection murmur. . BBKE  Amore Document  15.9.1333
. e 04 Yenous hum AR A2KB  Amore Document 2311398 T
document is saved. A name Jl | v
. . . File narne: 1999-05-25 02-03-56 Tiwvi Taavi
suggestion is automaticaly - ! '
Save as hupe: I.-’-‘qmore Diocuments [*AMR] j Cancel |
generated.

Figure 3.13: Save As... dialog
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Documents are saved in a database, which is a group of folders on computer’ s harddisk.
Database dialog (fig. 3.14) istheinterface for managing databases and documents. When
the FilelOpen... command is given, the database dialog appears and documents in the
currently active database are displayed. Document list can be sorted by clicking the
column headers (Name, Date, Diagnosis etc.) in a desired sorting priority order. In the
upper left corner of the dialog, there's a drop-down list box for database selection.
Currently, a database named “Examples’ is active. Below the drop-down list, there are
buttonsfor creating anew database folder and for selecting another folder on the harddisk
asthe root folder for databases. On the right of the database selection, there are buttons
for importing a selected folder (fig. 3.15) as a new database, and exporting the current
database to another location, such as a moveable disk. There are also import and export
commands for single documents. Export Documents and Remove commands are enabled
only if at least one document is selected in the list. However, if there are no documentsin
the list, Remove button is enabled for removing the database folder. Update button
rebuilds the database index file. At the bottom of the dialog, either the Open or the OK
button is displayed, depending on whether or not a document is selected in the list.

Documents can be opened a so with the Windows Open File dialog by pressing Browse.

Document Database M=l E3
IEHEmphBS j Import Database. .. Irmpart Documnents. .. Update
Find... Browse...
Hew. . | Foat... | Export D atabaze. . Export Documents. .. | Remove

Mo, | Mame | [ ate | Diaghnosis | Age | YWieight | Height | -
1 12 amplitude views and 6 spectrograms  1938/08/02  [undiaghozed) 270 76 190
2 k.07, Mormal contral AMB 1957/07 12 normal heart zound 0.0 i 0
3 k.02, Vibrator murmur &kdR 1957/07 12 wibraton murmur 0.0 i 0
4 k.03, Pulmonic ejection murrur.Akd R 1957/0712  pulmonic ejection murmur 0.0 i 0
] k.04, VYenous hum AMB 1957/07 12 wenous hum 0.0 i 0
[ k.05, Aortic ejection raurmur AMB 1957/07 12 aortic ejection murmur 0.0 i 0
7 K.0B. Bicuspidal aoric walve AMR 1957/07 12 bicuspidal aoric valve 0.0 i 0
8 kO7. A5 AMR 1957/07 12 aortic stenosis, subvakeular 0.0 i 0
9 k.08, P5.aMR 1997/0712  pulmonary stenosiz, subvaleular - 0.0 i 0
10 k.09. Minimal WSDLAMB 1997/07132  wenhicular septal defect, minimal 0.0 i 0
1A k10, Small vSD .akR 1957/07 12 wenticular septal defect, small 0o i 0
12 k11, A50 .AMA 1997/0712  atrial septal defect 0o 1] 1] T
13 k12 PDAAMR 1957/07 12 patent ductus arteriosus 0.0 I] 0

Tiivi T aavi 1993/05/25  RO1.0Vibratary murmur 4.0 -

| »
{.-F"Dpen xﬁancel ? Help
-

Figure 3.14: Database dialog
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Most of the buttons with an image are
animated; for example, three bitmaps are used
by the Open button in the Database dialog:

Normal appearance

Button is focused

Button is pressed

As the number of documents and databases
increases, it is necessary to have an efficient
tool for finding documents. The Find button in
the database dialog opens a tool dialog for
searching documents matching with the given
criteria (fig. 3.16). Since name, person ID and
diagnosis contain different kind of data, a
common search string is used. Search can be
limited by giving lower and/or upper bounds
for a selected variable, such as preson’s age or
total playing time of thesignal. Thereisaso an
option for searching only males or females.
When amatch isfound, it is highlighted in the
document list, and the button text is changed
to “Find Next”. All matching documents can
be copied or moved to aseparate database; this

way documents can be easily re-arranged.
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Figure 3.15: Import Database

Find Diocuments by Mame £ 1D # Diagnosis:
Iheart zound j

— Lirnit...

age

height

weight

weight index

plaving time

creation date [wear/mm.dd]

M0

...to be at least |1
and lezz than [1:30 mir: 2ec

—Find
& males or females
" males only Find
" females only 5

Copy matches to a databasze...

Move matches to a databasze. ..

V K ? Help

Figure 3.16: Find Document




Signals with up to 16 channels can be handled by
Amore. New signal channels can be pasted into
documents (fig. 3.17). In figure 3.18, a System and
signa information dialog opened, while a four-channel
signd is played in the background. Most soundcards
have only two output channels; thus, channels must be
muted or mixed. The play position indicator (inversed
vertical line) isdrawn only on viewsthat have an output

channel defined; in this case, views 0, 1 and 3.

»¢+ Amore - ECG, Phone and Respiration AMR

File Edit Info “iew Action Setup Toolz Help

e==y <@ o

Paste Channels

Source Pazting Method
0 &

12 i?[new]  overrite
3 2 [new] O mix

Syztem Infarmation:
- Windows version: 4.0
- CPU type: Intel Pentium
- Dizk zpace on drive C:
2047 0 ME tatal
1362 MB available

Signal Infarmation:
- zampling frequency; 11025 Hz
- rezolution: 16 bits

- channels; 4

- average bytes/s: BB200

Action maode: playing

Hespiratiun[3i

System and signal information 1]

-windows has been running for 3.0 hours

| taotal playing time: 3 zeconds

[C&PS [NUM [SCRL [OVR

Figure 3.18: Multichannel playback. Output channels are mixed on the fly.
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Amoreiscapableof filtering theinput signal with an user defined filter in real-time, within
the limits of the calculation power provided by the computer. New filters can be created
and the existing ones modified in the Filter Setup dialog (fig. 3.20). Calculation
algorithms areimplemented for lowpass, highpass, bandpass and bandstop I IR filterswith
either Butterworth or Chebyshev characteristics. The “Specia” filter type provides a
possibility to give the filter coefficients manualy in the Filter Info dialog (fig. 3.21).

In early versions of Amore, only short FIR filters could be defined for input signals.
Later on, also postprocessing functionality was added, with the Normalization feature for
amplifying signalsto use the full dynamic range. Most recently added feature is Delay for
synchronization of multiple signal sources. Processing is defined separately for each input

channel in the Pre- and Postprocessing dialogs (fig. 3.19). Definitions can be saved.

Chanrel | Delay | Filter | Maormalize |
1] - - ez
1 - remove low hum e
2 0.005 - Mo
3 0120 remove high noize Mo

Channel | Delay | Filter

1] 0,300 TEMOVE

1 - +6 dB

I™ Copy to all charnels Clear | Load... | Save...
V 0k anncel ? Help
I™ Copy to &l channels Clear | Load... | Save... |

Figure 3.19: Pre- and Postprocess dialogs
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FitorSotp

FiIterI M amne | Type | Band I Cutoff [Hz] I Band [Hz] | Crder | Information I
1 rernove low hum Chebyshey highpasz s 4 Filter 1
2 remove high noize  Buttenawarth [owpass 1000 3 Filter 2
3 heart beat zounds  Chebpzhey bandpazs fii 1000 3 Filter 3
4 remove speech Chebyzhey handztop an 1500 3 Fifer 4
8 telephone band Chebyshey bandpazs 150 3350 3 [ter &
B old time radio Chebpzhesy bandpazs 2000 2000 3 iker &
¥ +6dB Special wvariable 0 Filter ¥
g 440 Hz [a1] Chebyshey bandpazs 440 1 2 Filter &
9 B29 Hz [e2] Chebyshey bandpazs ] 1 2 Filter 9
10
V oK xﬂancel ? Help
Figure 3.20: Filter Setup dialog /
Filter Info - heart beat sounds |
— IR coefficients — Poles and zeros
6.78551423038169E-03, &
0.00000000000000E +00,
o |-2.035654287 25945102,
0.00000000000000E +00,
203565428729451E-02, -
-b 80259564 744087E-01, =
4107471 75520385E +00,
Yo |-1.058735220424533E+01,
= |1.4BE39E75815500E+01,
-1 2047765847 3008E +01, j

Drezign zampling frequency I'I'IEIEE Hz

Information

YWl arnings

Filter parameters:
- 3. order IR bandpasz, Chebyzhew charactenistics
- alphal = 0.007 [pre-warped to 0.00F)
- alphaz = 0.098 [pre-warped ta 0.101)
- bilinear transform uzed

|»

[ warhingz)

/ oK annc:eI ? Help

ST

Figure 3.21: Filter Info for the“ heart beat sounds” bp filter;
filter coefficients are automatically recal culated

as the sampling frequency changes
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View properties and user interface colors can be easily modified. Sometimes just the

background color may be acritical issue. An alternative front-end is given in figure 3.22:

* background, grid line and axislabel colors have been changed from the default values
in the Color Setup dialog (fig. 3.23)

» different color palettes are used for the two spectrogram views

* color intensity of spectrogramsis a power function instead of dB magnitude; thisis
indicated also by the spectrogram color map numbers (percentages of max. value)

* |left channel’s spectrogram view has the frequency tracking property turned on;
frequency with the highest intensity (10% threshold) is indicated with a white line
(most recently tracked peak frequency is also displayed in the status bar)

* right channel’ s spectrogram view uses logarithmic frequency scale instead of linear

* more vertical space is used by spectrograms than by amplitude graphs
(20% for both amplitude graphs, 30% for both spectrograms)

* view descriptions (Left/Right Channel) have been changed from defaults

o+ Amore - Alternative Display Setup AMB

File Edit Info “iew Action Setup Toolz Help
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Figure 3.22: An alternative display and color setup
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Color Preferences |

—Wiew Colors
" background colar Selected Color
" foreground calar |
" grid colaor
" ubberline color Fed 4 3
% text color Green i 3
£~ waming color Blue 4 K]
" level indicator, safe levels
™ level indicator, clipping risk Festare Al Defaults

V| | Xea| | P

Figure 3.23: Color Setup dialog

Since the display is a shared hardware resource, palettized color modes may cause
problems especially if severa color intensive applications are run ssmultaneoudly. On the
other hand, high color (15 or 16 bit) modes give only 5 or 6 bit depth for each primary
color (red, green and blue) in comparison with the 8 bits provided by the palettized 256
color mode. The ultimate solution would be to use true color (24 or 32 bit) modes;
however, so far these aren’t generally available for very high resolutions (>1024 pixels).

Amore supports both 256 color and high color modes.

Printing is implemented as “What You See Is Nearly What You Get”: current display
setup is used for formatting the output. Either color or grayscale palette is used,
depending on the printer settings.

If patient and diagnosis information is _l

available, document is printed in the

Frinting document
1399-05-25 02-03-56 Tiwi T aaviak B
an the &pple Lazerafriter [ W T Printer

During the print operation, a progress connected to FILE:
didog is displayed (fig. 3.24). Printing | 70% dore... |

[prezz E=c ta cancel printing]

form of an auscultogram (fig. 3.25).

can be stopped by pressing

the Esc key. Figure 3.24: Print progress
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Figure 3.25: A grayscale auscultogram printout
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One of thefirst featuresin Amore was a button to launch the audio mixer application; itis
important to adjust especially the signal input level of the soundcard correctly, so an easy
access to the mixer is essential. Another useful feature is a possibility to send documents
eadly as e-mail attachments. This can done by starting a well-known web browser
application with correct command-line parameters. There certainly are many other
programs that could be used as tool applications for Amore; this is why the Tool
Applicationsdialog (fig. 3.26) wasimplemented. Although thisfeatureisunlikely used by
less advanced users, it can greatly improve the efficiency of work. The e-mail application
isautomatically located in the harddisk and added to the tool application list when Amore

isrun for the first time after installation. Only descriptions of tools is shown in the menu.

Tool Applications

Taoal I D ezcription I Application I Farameters I
1 b iwer CAWwWANDOWSYS ndwol 32 exe

2 Send Email C:%Program Filez\MNetzcapeiMavigators .. -compose %"

3 [new taal)

V oK xliancel ? Help

Figure 3.26: Tool Applications dialog

Last but not least, there is the About
Amore dialog box (fig. 3.27), containing

Auzcultation Monitor/Recorder for 32-bit Windows
Yerzion 4.7 for Mazter's Thesis

versi on, regl stration and COpyri ght 3@:} Ewaluate - Do Mot Distributel
information. The demonstration version “wiritten by Kari Sikic # Medivisio Ltd

Copyright € 1996-1999. All Rightz Reszerved.
included in the appendix CD-ROM should

not be copied or made available via VDK

Internet; it is provided as a part of this

master’s thesis for evaluation only. Figure 3.27: About Amore dialog
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It seemsthat only very few people actually read help texts - and even if they do, they’ve
usudly tried just about everything else (believe me, | have!) before going that far.
Unfortunately, quite too often there isagood reason for this: reading helps doesn’t help.
This was kept in mind when Amore's help system was developed: the aim was to keep
things smple, and include only the most essential basics clearly explained in the help text.
Help isavailable in many forms: hint texts, point-and-click context sensitive help, and the
traditional help hierarchy starting with help contents. Some help windows can be seenin

figure 3.28. Green, underlined texts are links to other help topics.

.2 Amore Help = =] B3
Fil= Edit Bookmark Option: Help
Qontentsl Search | Eiach | Frint |
CO nte ntS Help Topics: Amore Help HE
Index | Fird |
Menu Commands
W 1 Tvpe the firzt fes letters of the word you're looking for.
it rmenu
Info rmenu |
%u 2 LClick the index entry you want, and then click Display.
Options menu colors t -
comments
Tools menu aeking
brovezing
dizplay
How to... edit
o)
get help . cogﬁ ta file
record audio cut
play audio delste
npen existing documents paste )
; paszte fram file
setup display brimn
select various options \Dnd:\
add infarmative comments to audia e-miail
use external tool-applicati BN R LAY [_ O] =] Ll
File Edit Bookmark Options Help

Enntentsl §earch| Back | Erint |
. Record

Figure 3.28: _ _ _

Recording can be done either by pressing the Record button or by
Help contents, selecting Action|Record from the menu. Stop button (or the menu
command) are needed with the continuous recording method only.

Cahicel |

help index and

a he|p window Recording method is selected in the preferences dialog |, as well as
the length of snapshot recordings. The snapshat method is most

for the Record efficienty used by monitoring input channels until the desired signal

command period iz received, and then capturing it with a short snapshot buffer,

Continuous rmethod suits better for long recordings.

If the Record command is given when a document is open, it is
eguivalent to the File|Close command.
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3.4 Algorithms and Functions

The source code of Amoreis property of Medivisio Ltd. There are more than 20000 lines
of C++ source code (without the source files for OWL class implementations). Thus,
only avery limited overview of the implementation of algorithms and functions can be
presented here. Most of the functions and related user interactions are described in

sub-chapter 3.4.2.

3.4.1 Algorithms

Although several intuitive algorithms have been created in this project, it would be out of
the scope of this document to present them in a detailed level here. However, at least a
detail level of pseudo-code representation is necessary for sufficient accuracy. In most
time-critical implementations, it is essential how the possibilities of the programming
language are used in order to optimize the execution. For these reasons | have decided to
include only short examples of agorithmic solutions here, and to present them in their

native form, C++ language, with thorough explanations.

Nowadays, even rather complex agorithms are implemented in the hardware as greater
integration levels are achieved in the processor technology. As a consequence, some of
the classical mathematical, highly optimized agorithm implementations are more and
more often replaced with a call to hardware routines in the actual source code. One of
these algorithmsis certainly the Fast Fourier Transform (FFT). Thisiswhy | have chosen
it to stand as an example of the source code. Both decimation in time and decimation in
frequency -algorithms [6] are implemented, as well as the inverse FFT, using the

decimation in time approach.
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/* FFT shuffle index cal cul ation. These indices give the bit-reversed

order for real and imaginary array elenents. Shuffle indices are
cal culated for all possible FFT wi ndow sizes (powers of 2).
SV_NMAX_FFTW NDOW i s the maxi mum FFT wi ndow si ze = 2"SV_MAX_FFTBI TS
For exanple, if SV_MAX_FFTW NDOW = 4096, SV_MAX FFTBI TS = 12.
M Pl = 3.14159265359. Initialize sin, cos and shuffl el ndex tables
to zero, for exanple by using the GPTR or GVEM ZERO NI T flag with
Wn32 API’'s d obal All oc() function.

*/

char bit, bits=SV_MAX FFTBITS;
short pos, half, w ndowSi ze=SV_NMAX FFTW NDOW

/1 loop through all w ndow sizes
for(; w ndowSize; w ndowSi ze>>=1,bits--) {
/1 loop through the indices
for(idx=0; idx<wi ndowSi ze; idx++)
/1 reverse index bits for Shufflelndex
for(bit=0; bit<bits; bit++) if(idx & (1l<<bit))
shuf f1 el ndex[ i dx+wi ndowSi ze- 1] +=1<<(bits-1-bit);

/1 sin & cos table calculation for decimation in frequency FFT
hal f =wi ndowSi ze>>1;
pos=SV_MAX_FFTW NDOW wi ndowSi ze;
for(idx=0; idx<half; idx++) {
cosDI F[ pos] =cos( (doubl e)i dx*2*M Pl / wi ndowSi ze) ;
si nDI F[ pos++] =-si n((doubl e) i dx*2*M Pl / wi ndowSi ze); } }

/1 sin & cos table calculation for decimation in time FFT and | FFT
double Qeal, Q, Q, c, s;
pos=0;
for(short direction=-1; direction<=l; direction+=2)
for(w ndowSi ze=1; w ndowSi ze<SV_MAX_FFTW NDOW w ndowSi ze<<=1) ({
c=cos(M_PI /w ndowSi ze) ; /1 cos(+-2*pi/ FFT_w ndow_si ze)
s=si n(M_PI/w ndowSi ze) *di rection; // sin(+-2*pi/FFT_w ndow_si ze)
cosDI T[ pos] =Qr =1;
si nDI T[ pos++] =Q =0;
for(hal f=1; hal f<wi ndowSi ze; hal f++) {
/1 calculate Qk; Q@ +Q@j = cos(angle)+sin(angle)*j
Qeal =Q; /1 save real part of Q
Q=Q*c-Q *s; /1 do conplex multiplication
Q =Q *c+Qreal *s;
cosDI T[ pos] =Q;
sinDl T[ pos++]=Q; } }

Algorithm 3.1: Precalculations for the FFT algorithms
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/* Fast Fourier Transform (FFT) algorithmis needed for spectrograns.
“Size” is the FFT wi ndow s size. Transformis done in place, thus
both input and output data is given in re[] and ini] tables.

I nput data for the decimation in time FFT and output data of the
decimation in frequency FFT is in bit-reversed order.
Radi x-2 butterfly cal culation nmethod is used here.
word is 16-bit unsigned interger, long is 32-bit signed integer
*/
voi d SoundVi ew. : DoFFT(word size, long *re, long *im
bool forward, bool decimationlnTine)

{
short angl e; /1 index to sin & cos tables
word idx, count; /1 loop indexes & counters
regi ster word idx1, idx2, junp; /1 "
regi ster long real, inmag; /1 variables for butterfly

regi ster float cs, sn;
/1 decimation in time -algorithm (both FFT and | FFT support ed)
i f(deci mationlnTime) ({
angl e=f or war d?0: SV_MAX_FFTW NDOW 1;
for(idx=1; idx<size; idx<<=l)
for(junp=i dx<<1, count =0; count<idx; count++) {
/1 precalculated sin & cos tables speed up things renmarkably
cs=cosDI T[ angl e] ;
sn=si nDl T[ angl e++] ;
/1 radix-2 butterfly-Ioop
for(idxl=count; idxl<size; idxl+=junp) {
i dx2=i dx1+i dx; /1 perform 2-point DFT
real =re[idx2]*cs-infidx2]*sn; /] size*log2(size) timnes
i mag=i nfi dx2] *cs+re[idx2] *sn;
re[idx2]=re[idxl]-real;
infidx2]=infidxl]-inmag;
re[idx1] +=real
infidx1l]+=imag; } } }

/1 decimation in frequency -algorithm
/1 only forward FFT is supported so far
el se {
for(angl e=SV_NMAX FFTW NDOW (i dx=si ze); idx>1;)
for (junp=i dx, i dx>>=1, count =0; count<i dx; count++) {
cs=cosDI F[ angl e] ;
sn=si nDl F[ angl e++] ;
for(idxl=count; idxl<size; idxl+=jump) ({
i dx2=i dx1+i dx;
real =re[idx1]-re[idx2];
i mag=i nfidx1]-infidx2];
re[idx1] +=re[idx2];
infidx1]+=inidx2];
re[idx2] =cs*real - sn*i mag;
i nfidx2]=sn*real +cs*img; } } }

/1 normalization (re[],in{]/=size) for inverse FFT
/1 is conbined with other scaling and done el sewhere

Algorithm 3.2: FFT algorithm implementations
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3.4.2 Functions

p=

=3 Open document
Purpose: open an existing document from a database.

User input:

* Open button (toolbar Ig) or FilelOpen... command (menu)

* In the Open Document dialog:
* database list for database selection
* New... button = create a new database to the database collection
* Root... button = change to other database collection (change root folder)
* Import Database... button = import a new database to the database collection
* Export Database... button = export current database to a specified location
* Import Documents... button = import document(s) to current database
» Export Documents... button = export selected document(s) to another database
* Update button = re-read the hard disk folder to update the database index file
» Remove button = remove selected document(s) or current database if it's empty
* Find... button = find a document using the Find Document dialog
* Browse... button = open a single file by browsing the harddisk folders
» Ok button = close the dialog and open the selected file
» Cancdl button = close the dialog without opening afile

* Help button = display help on using the Open Document dialog

Description:

The documents are saved in a database consisting of a set of database directories. Each
directory containsaset of documents. The contents of the most recently used database are
shown by default, but any database in the database list can be selected. A single document

can be searched for by filling in one or more fields in the search limit dialogs.
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Single documents or whole database directories can be imported from and exported to a
specified location. New databases can be created by filling in a name that is not used by
any database to the database selection.

Outputs:

The effects of the import operations or database selection are updated immediately to the
document list. When Ok button is pressed (either in the Open Document dialog or in the
Browse dialog), the selected file is opened and its contents are displayed.

Exception handling:

When insufficient disk space or other problems are detected, user isinformed.

Reopen document

Purpose: discard all changes made to the contents of this document.

User input:

* File|Reopen command (menu)

Description:
Especialy when experimenting with signal processing tools and the display setups, it's

often useful to reset the situation and reopen the document. This is the fast way to do it.

Outputs:
See Open document.

Exception handling:

If an error occur while taking a backup of the document (which is done always before the

signal contents change), user is informed.
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=3

[ save document
Purpose: save currently open document and associated data to the current database.

User input:
* Save button (toolbar %) or File|Save command (menu)

Description:

Documents are saved in the currently active database. An unique name suggestion is
generated for each new document, consisting of current date and time, the patient’s name
and, if necessary, a number to separate it from another document with an identical name.

Documents have “. AMR” extension by default, but can also be saved as“.WAV”.
Outputs:

If no patient information has been given for the document, the Patient and Diagnosis
Information dialog is displayed. At least the patient’s name should be filled in before the
document is saved. When a new document is saved, the file name is displayed in the
window caption. Also, amessage sound is played to indicate a successful save operation.
Exception handling:

When insufficient disk space or other problems are detected, user isinformed.

Save document As...

Purpose: save currently open document and associated data to a specified location.

User input:

* Filg|Save As... command (menu) = open the Save As... dialog
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* In the Save As... dialog:
* Ok button = save the document with the selected name and close the dialog
» Cancedl button = close the dialog without saving the document

* Help button = display help on using the Save As... dialog

Description:
Default name is generated for new documents (see Save document). Documents that are
saved outside the database can’t be located with the Find command in Database dialog.

Outputs:

| dentical with the Save document -command.

Close document

Purpose: close currently open document and clear memory for a new recording.

User input:

* File|Close command (menu)

Description:
If the document has changed since last save operation, user is asked if the changes should

be saved before the document is closed.

Outputs:

After the document is closed, the input signal monitoring is activated on the graphs.

Exception handling:
If user wants the document to be saved beforeiit is closed, and the save operation fails, an

error message is displayed and the close operation is canceled.



iy
] _
— Print document

Purpose: print document and associated patient information with the specified printing

device.

User input:
« Print button (toolbar g&&p) or FilelPrint command (menu) to open the Print dialog

Description:

The printed signal graphs resemble the currently displayed graphs as much as possible,
depending on the printer properties. If diagnosis information is given, it will be printed
with the signal graphs.

Outputs:

While printing, a progress bar and a Cancel button are shown to enable canceling of the
print operation.

Exception handling:

Windows will inform user if there are problems with the printing device.

Page Setup

Purpose: define the printout properties, such as paper dimensions and orientation.

User input:

* FileJPage Setup... command (menu) = open the Page Setup dialog
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Description:
The standard Windows Page Setup dialog is displayed here. Contents of the dialog vary

depending on the Windows version; however, a Help button is aways included.

Outputs:
The settings in this dialog affect the printer outpuit.

Exception handling:

Windows will inform user if there are problems with the printing device.

Exit

Purpose: close the document and exit the program.

User input:

* FilgJExit command (menu)

Description:
If the document has changed since last save operation, user is asked if the changes should

be saved before closing it and leaving the software.

Outputs:

The software window is closed.
Exception handling:

If user requests the document to be saved before exit, and the save operation fails, and

error message is displayed and the exit command is canceled.
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% Undo

Purpose: undo most recent edit operation.

User input:

* Edit|{Undo command (menu)
Description:
This applies to text edit controls only. Original signal contents can be restored with

File]Reopen command.

Outputs:
The previous text in the edit control is restored.

Exception handling:

% Cut

Purpose: cut selection to the clipboard.

User input:

* Edit|Cut command (menu)
Description:

Selected datais moved to the Windows clipboard. This applies both to text edit controls
and signal data.
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Outputs:
During the cut operation, the cursor shape changes to indicate that user should wait for
the operation to complete. When finished, the selection is removed and the effect of the

cut operation is shown immediately.

Exception handling:
If the dataistoo large to fit in the clipboard, or other problems are encountered, user is

informed and the cut operation is canceled.

P

Purpose: copy selection to the clipboard

User input:

* Edit|Copy command (menu)

Description:
Selected datais copied to the Windows clipboard. This applies both to text edit controls
and signal data.

Outputs:
During the copy operation, the cursor shape changes to indicate that user should wait for

the operation to complete. When finished successfully, a message sound is played.
Exception handling:

If the data is too large to fit in the clipboard, or other problems are encountered, user is

informed and the copy operation is canceled.
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Purpose: paste the clipboard contents to the current position.

User input:
* Edit|Paste command (menu)
* In Paste dialog (if signal datais pasted)
» channd list view for defining the channelization
* paste method radiobuttons to select between insert, overwrite or mix pasting
*» Ok, Cancel and Help buttons

Description:
This applies both to text edit controls and signal data. Clipboard contents are copied to
current position, indicated with cursor in text edit controls and with position indicator in
signa graphs. With signal data, the optiona target channel is freely selected for each
source channel in a Paste dialog. There are three paste modes available:

* insertion (default): existing data is slided forward to make room for pasted data

* overwrite: existing datais overwritten

* mix: existing data is mixed with the pasted data where overlapping occurs

Outputs:
During the paste operation, the cursor shape changesto indicate that user should wait for
the operation to complete. When finished successfully, a message sound is played.

Exception handling:

If insufficient disk space or other problemsare encountered, user isinformed and the paste

operation is canceled.
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Copy tofile

Purpose: copy selected signal datato afile

User input:

* Edit|Copy to file... command (menu)

Description:
Selected signal data (or whole signal if no selection is currently done) is copied to afile.
The data that is associated with the selection is written to the file as well. File name is

provided by user.

Outputs:

The standard Windows File Save As... dialog is displayed to let the user give a name for
the target file. During the copy operation, the cursor shape changes to indicate that user
should wait for the operation to complete. When finished successfully, a message sound

is played.

Exception handling:

If insufficient disk space or other problems are encountered, user isinformed and the copy

operation is canceled.

Paste from File

Purpose: paste the contents of afile to the current position.

User input:

* Edit|Paste from File... command (menu)
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Description:

The signal contents of the selected file are copied to current position, indicated with the
position indicator in the signal graph. The user may select channelization and paste mode
in the Paste dialog (see Paste). If both the input file and currently open document have
diagnosis information, user is asked if the existing information should be replaced with

that of the sourcefile.

Outputs:

The standard Windows File Open... dialog is displayed to let the user select the source
file. During the paste operation, the cursor shape changesto indicate that user should wait
for the operation to complete. When finished successfully, amessage sound is played and
the result can be seen in the updated signal graphs.

Exception handling:

If insufficient disk space or other problemsare encountered, user isinformed and the paste

operation is canceled.

Delete

Purpose: delete signa data.

User input:

* Edit|Delete command (menu)
Description:

Selected portion of the signal is deleted. If a selection hasn’t been defined, the document

is closed without saving.

51



Outputs:

During the del ete operation, the cursor shape changesto indicate that user should wait for
the operation to complete. When finished, the selection is removed and the effect of the
delete operation can be seen in the updated signal graphs. On success, amessage sound is

also played.

Exception handling:

If any problems are encountered, user isinformed and the delete operation is canceled.

Trim

Purpose: delete signal data outside the selection.

User input:

* Edit|Trim command (menu)

Description:

Signal data outside the current selection, is removed.

Outputs:

During the trim operation, the cursor shape changes to indicate that user should wait for
the operation to complete. When finished, the selection is removed and the effect of the
delete operation is shown immediately in the signal graphs. On success, the message beep
isaso played.

Exception handling:

If any problems are encountered, user isinformed and the trim operation is canceled.
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1 | .
. Diagnosis | nformation

Purpose: serve as a data sheet for patient and diagnosis information.

User input:
* Diagnosis Information button (tool bar ) or Info|Diagnosis... command (menu)
* In the Diagnosis Information dialog
* patient information fields (Name, Person ID, Age, Sex, Weight and Height)
* listening point selection radiobuttons
* status field
* diagnosisfield
* document information fields (Creation Place, Author and Read Only checkbox)
* Clear All button for clearing al fields
* Restore Old Data button to use the data of the previously open document
* Load Data From... button to copy the data from a selected document
» Ok, Cancel and Help buttons

Description:

It is up to user to select which fields of the Diagnosis Information dialog are filled, and
how accurately. All fields can be left empty. However, it would be recommended to fill in
at least the patient name, person ID and the listening point at which the signal is saved. All
fields can befilled in afterwards, and especialy with diagnosis fields this may be the most
usua case. Any diagnosis may be written into diagnosis combobox, but it isrecommended
to use one of the pre-defined, standardized diagnoses and append them with more
accurate classification when necessary.

Input fields of the dialog are cleared for new recordings. When several listening pointsare
studied from the same patient, the cleared patient data fields can be quickly restored with
the Restore Old Data button. Pressing the Load Data From... opens the Database dialog

for selecting a document whose patient and diagnosis information is to be copied.
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Outputs:

When the person ID is given in form “ddmmyy” (day, month, year; two digits for each),
ageiscalculated and displayed with one decimal accuracy if thefield isempty. When both
weight and height are given, the weight index (weight (kg) / length (m) ?) is calculated.
Creation and modification dates of the document are displayed in the document
information -group. If the Read Only option is selected, al modifications are disabled

when the document is opened next time, until the protection is turned off.

Exception handling:
The Load Data From...command: if the selected document can’t be found, is corrupted or

contains no patient/diagnosis information, user is informed.

System and signal infor mation

Purpose: display information on the signal parameters and system status.

User input:

* Info|System and signal... command (menu)

Description:
This message dialog contains following information:
» Windows version number (4.0 for Windows 95)
» total and available hard disk space on the currently used drive
* playing time of the signa (if a document is currently open)
* signal parameters (such as sampling frequency and resolution)

* current action mode (monitoring, recording, playing etc.)

Outputs:
The diaog.



Q Add Comment

Purpose: attach atextual comment to document’s signal data.

User input:
» Add Comment Here! command in the floating pop-up menu
* In the Comment box
» comment text edit control
* Next and Previous buttons to change to the next or the previous comment
» Remove button to remove current comment
* Ok, Cancel and Help buttons

Description:

A comment is a short, descriptive text that is attached to a specified position and channel
in the signal data. This is done by moving the mouse cursor to the intended comment
position and clicking the right mouse button; afloating pop-up-menuisactivated, in which
the Add Comment Here command can be selected. A small dialog appears for writing the
comment text. Once a command is created, it can be moved to another position by
pressing the left mouse button down over a comment mark, and dragging (moving the

mouse while the left button is held down) the comment onto a new position.

Outputs:
A comment mark is shown on all views of same type that share the same signal channel

that the comment is associated with. Comment data are saved with the document.
Exception handling:

If the maximum amount of comments (currently 100 per document) has been reached,

user isinformed and Add Comment command is canceled.
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Q Browse Comments

Purpose:  browse comments attached to document’ s signal data.

User input:
* Browse Comments button (toolbar Q) or Info|Browse Comments... (menu)
* In the Comment dialog
» comment text edit control
* Next and Previous buttons to change to the next or the previous comment
» Remove button to remove current comment
* Ok, Cancel and Help buttons

Description:
This command is disabled if no comments are attached to the document. If the comment
texts are edited, the changes can be discarded with the Cancel button. For further

information, see the Add Comment function.

Outputs:

The comment box appears and the first comment is displayed.
Exception handling:

If all comments are removed, “(no comments left)” text is displayed in the disabled text

edit control.
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Dﬁ Zoom In

Purpose: show asmaller portion of the signal datawith greater accuracy on the time axis.

User input:
* Zoom In button (toolbar l@l} or View|Zoom In command (menu)

Description:

Zooming is one of the most essential functions when analyzing signals visually. The more
there are signa data on the display along the time axis, the weaker is the time resolution.
Zooming is applied either at the beginning or at the end of each view, depending on the
selection in the Preferences dialog. Automatic zooming can be selected and defined to be
N milliseconds, where N is typically 3000...10000. When enabled, the preferred time
resolution is set automatically after new signals are opened or recorded.

Asthe signd is zoomed in severa times, the zooming factor and position for each zoom
level is saved. The Zoom Out commands uses this data to restore preceding zoom levels
just as they were. When there are more than one pixels per sample on the time axis, the
exact sample positions are shown as small circlesin amplitude type views, if that optionis

selected in the Display Setup | Appearance.

Outputs:
The selected area or, if no selection is currently done, half (along the time axis) of the

current view is displayed.
Exception handling:

When the maximum zoom resolution or zoom level has been reached, the Zoom In
function is disabled.
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@ Zoom Out

Purpose: show alarger portion of the signal data less accurately on the time axis.

User input:
» Zoom Out button (toolbar IQI) or View|Zoom Out command (menu)

Description:
This function is the reverse operation for the Zoom In function. The zooming factor and

positions of the preceding zoom levels are restored.

Outputs:
The signal portion of the preceding zoom level is displayed.

Exception handling:
When the signal is zoomed fully out, the Zoom Out function is disabled.

Dﬁ No Zoom

Purpose: zoom fully out, i.e. display the whole signal.

User input:
* No Zoom button (toolbar l@l} or View|No Zoom command (menu)

Description:

Thisfunction hasthe same behavior asif the Zoom Out command would be repeated until

the whole signd is displayed.
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Outputs:
The signd isdisplayed from the beginning to the end. Zoom Out and No Zoom commands
are disabled.

Exception handling:
When there are no signal datato be displayed, all zoom functions are disabled.

Load Display Setup

Purpose: load a previously saved display setup from disk.

User input:

* View|Load Display Setup... command (menu)

Description:

Normally, once a preferred and functioning display setup isfound, it remains more or less
the same. Thisis not only due to the somewhat fixed hardware setup and capabilities, but
also to minimize the complexity of using the software.

Display Setups can be created and saved in the Display Setup dialog. Setup with a name
“Default.Dis’ isautomatically selected for new documentsif so selected in the Preferences
dialog.

Outputs:
The views defined in the selected display setup appear on the display.

Exception handling:

Views associated with nonexisting channels are discarded.
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Turn Monitoring On/Off

Purpose: turn all signal input/output monitoring on or off.

User input:

* View|Turn Monitoring On/Off command (menu)

Description:
Computer’s soundcard is a hardware resource that can’'t typically be shared. When

monitoring is turned off, sound input device is free to be used by other applications.

Outputs:

When a document is not open, the view graphs visualize the input signal if monitoring is
turned on. If the scrolling view -option is selected in the Preferences dialog, the most
recent input is seen at the right margin of the window; otherwise the drawing position is
reset to left margin when right margin is reached. If the level monitoring -option is
selected, input signal levels are displayed on the left side and output levels on the right
side of the intensity scale bar. Each channel has its own level indicator bar. Levels are
displayed in decibels (dB), 0 dB being the maximum amplitude level for the digital signal.
Color bar labels are given in decibels, unless al spectrogram views use a non-logarithmic
intensity representation. If the focus sensitive -option is selected, monitoring is
automatically turned off when the input focus changes to another application window.
Processing load percentage is shown on the status bar at the bottom of the window when
monitoring is turned on. This percentage shows how much of the available calculation

time the real-time signal processing consumes.

Exception handling:
If the processing load exceeds constantly 100%, monitoring isturned off (aswell assignal
pre-processing), and user is advised to reduce either the sampling frequency or signal pre-

processing demands.
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Recording
Purpose: save input signal from the soundcard in computer’s memory.

User input:
« Record button (toolbar @) or Spacebar (keyboard) or Record command (menu)
» Stop button (toolbar [ ) or Esc (keyboard) or Stop command (menu)
(needed only with the continuous recording method)

Description:
There are two recording methods available. In the continuous mode, recording continues
until explicitly stopped by user. In the snapshot mode (default), the currently displayed

time period of the signal is recorded.

Outputs:

With the continuous recording method, the record cursor (.) is shown and the record
button appears highlighted during recording. When continuous recording is stopped,
normal appearances of the record button and the cursor are restored. Recorded signal is

saved in atemporary file on the harddisk and displayed on the screen.
Exception handling:

If there’s not enough space on the harddisk for the recorded data, recording is stopped
(continuous mode) or discarded (snapshot mode), and an error message is displayed.
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Playing
Purpose: play the signal in the computer’s memory through the soundcard.

User input:
« Play button (toolbar [ ) or Enter (keyboard) or Play command (menu)
» Stop button (toolbar [ ) or Esc (keyboard) or Stop command (menu)

Description:
Current selection or, if nothing is selected, currently visible portion of the signal is played.
Play Loop repeats the play operation continuously. Play All plays the whole signal,

regardless of what's currently visible or selected.

Outputs:

The play cursor ( _JJ ) is shown and the play button is highlighted during playback. A
progressindicator isdrawn for al viewsthat have an output channel defined. If no output
channels are defined, the play button is disabled.

Exception handling:

If output device can’t be initialized, user isinformed and the play operation is canceled.
Signal pre/postprocessing

Purpose: provide tools for signal processing.

User input:

* Action|Preprocess... or Action|Postprocess... command (menu)
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* In the Process dia og:

» channdl list (one channel / row), where each channel has
* delay setting; delays are given in milliseconds
« filter selection; available filter definitions are listed in adrop-down list
» normalization selection (“Yes’ or “N0")

* “Copy to al channels’ checkbox

* Clear button

* Load... button

* Save... button

*» Apply button (Preprocessing only) = apply new definitions

*» Ok button = accept definitions and close the dialog

* Cancel button = discard all changes and close the dialog

* Help button = display help on using the Process dialog

Description:

Both pre- and postprocessing is provided. During monitoring and recording, signal
preprocessing is applied to the input signal in real-time. Postprocessing can be done for
saved signals. Apply button applies the selected processing immediately without closing
the dialog. When the “Copy to all channels’ checkbox is checked, a change in one
channel’s processing setup is copied to al other channels. All definitions can be cleared
with the Clear button. Definitions can also be saved to and loaded from the harddisk.

Outputs:
The effect of the pre-processing can be seen in the monitor views, i.e. the filtered
frequencies can be seen in aspectrogram view. When postprocessing is applied, a position

indicator shows the operation progress.
Exception handling:

When requested preprocessing takes too much time to be calculated in real-time, user is

informed and preprocessing is turned off.
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Preferences

Purpose: setup general options according to the preferences of the user.

User input:

* Setup|Preferences... command (menu) = open the Preferences dialog

* In the Preferences dialog:
» recording method selection and time window selection for the snapshot method
» monitor selection checkboxes
» display time unit selection radiobuttons and automatic zooming selection
* option to reset display and hardware to default settings for new documents
* option to display the Diagnosis Information dialog automatically
*» Ok, Cancel and Help buttons

Description:

For information on the two recording modes, see Recording.

For information on the level monitoring, see Monitoring.

For information on the automatic zooming, see Zoom In.

As the display and hardware setup is affected by each opened document, an option is
provided for resetting them to default values for all new documents.

By default, the Diagnosis Information dialog appears automatically each time when a
newly recorded signal is about to be saved, in order to automate the documentation
process. If this selection is turned off, the Diagnosis Information dialog must be always

explicitly opened to enter patient and diagnosis information.

Outputs:

In the snapshot recording mode, a time ruler is displayed also during monitoring to
indicate the selected time window length. Time is shown in bytes, samples or seconds as
selected. When input/output signal levels are monitored, each channel hasits own level

indicator bar on the left side of the window.



If automatic zooming isrequested, each newly opened or recorded signal iszoomed to the

specified milliseconds.

Exception handling:
The time variables entered by user (snapshot recording window and the automatic zoom
length) are checked and limited by the software to a meaningful range, in which the

behavior of the related functionsis tested to be correct.

Hardwar e Setup

Purpose: select the sampling parameters and the i/o hardware to be used.

User input:
* Setup|Hardware... command (menu) to open the Hardware Setup dialog
* In the Hardware Setup dialog:
* input and output device selection listboxes
» sampling frequency selection listbox
 sampling resolution selection radiobuttons (8, 12 or 16 hits)
* Ok, Cancel and Help buttons

Description:

By default, the input and output hardware is selected automatically by Window. User may
override this automation by explicitly selecting the signal input and output devices. These
may be features of a single device or two separate devices.

When selecting the sampling frequency, it should be taken into consideration that
according to the Nyquist sampling theorem [ 7], the sampling frequency should be selected
to be at least twice as high as the highest frequency of interest in the signal.
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The dynamical range of a digital signal depends on the sampling resolution; with 16 bit
resolution, the sample values (describing the amplitude intensity levels of thesigna) arein
range [-32786, +32767], and the theoreticd maximum for the &/n ratio is
20*10g10(65536) = 96 dB. With 8 bit resolution, the s/n ratio can be theoretically 48 dB,

and much lessin practice. 16 bit resolution is recommended to avoid noisy recordings.

Outputs:

Under the output device selection, available sampling resolution and frequency ranges are
shown along with the max. number of output channels. These channels can be utilized in
the Display Setup dialog, when selecting the output channel for each view. Also, user is
let to know whether or not simultaneousinput and output (i.e. full duplex) ispossible with

the selected hardware configuration.

Exception handling:
The software tests the selected devices by trying to open and initialize them. User is

informed if any problems are detected.

1

—a Display Setup
Purpose: setup the display views.

User input:
* Display Setup button (tool bar ﬁ) or Setup|Display... command (menu)
* In the Display Setup dialog:
* Clear button
* Load Setup... button
* Save Setup... button
* Ok, Cancel and Help buttons
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* list of views (one view / row), where each view has

* view index listbox

* input and output channel selection

* description text

* type selection (Spectrogram, Phono, ECG or Respiration view)

* height selection (automatic or percentage of the available vertical space)

« display filter selection

» normalization label (“Yes’ or “N0”)

* appearance label = open the Appearance dialog for selected view type:

H Amplitude graph appearance dialog:
» appearance selections (filling, absoluting etc., see also Zoom In)
» calculation algorithm selection (amplitude or averaged envelope)
» amplification coefficient for averaged envelope calculation
» color selection for the curve envelope and interior
» didersfor red, green and blue components for currently edited color
* Restore button for restoring the original colors
» Defaults button for resetting the colors to default values
* Ok, Cancel and Help buttons
! Spectrogram appearance dialog:

* spectrogram type selection (logarithmic, power or linear intensity)
* FFT window function selection (Hanning, Hamming or Blackman)
* FFT window size and data size selection
* frequency band selection
* linear or logarithmic frequency axis selection
» musical stave display selection (separately for G and F keys)
» frequency tracking selection and setup (threshold and frequency band)
» color palette and palette intensity selection
*» Ok, Cancel and Help buttons
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Description:

There is display setup information attached to each .AMR document. This information
specifies to number of displayed signal views (graphs) and their properties. The views
share the same time axis, and are positioned on top of each other. Each view has an input
channel associated with it. If no input channel is selected (indicated with adash, “-*), the
view is removed. Number of available input channels is determined by the soundcard
capabilitieswhen adocument isn’t open. Order of the defined views can be changed by re-
selecting view numbers in the leftmost listbox.

Each view can aso have an output channel for the playback. Number of available output
channelsislimited by the capabilities of the soundcard that is selected as the output device
in the Hardware Setup. The “mono” setting means al available output channels.

View description is optional, but recommended to clarify the data contents.

Display filtering meansthat the signal isfiltered only for the display; the physical contents
remain unchanged. To filter signals physicaly, use the Processing dialog.

When normalization is selected (“ Y es’), the amplitude type views are stretched vertically
to useall available spacein the view. The actual amount of dynamical range used is shown
inbrackets on the vertica ruler, i.e. “(75%)”. Thus, no stretching can be doneif the signal
usesall of theavailable dynamical range. Normalized spectrograms are adjusted to optimal
intensity level, also during the input monitoring.

User defined display setups can be saved and loaded. The setup saved in “Default.Dis’ is
automatically selected for new documents if this option is selected in the Preferences
dialog. All view definitions (except the first one - there must always be at |east one view)

can be cleared by pressing the Clear button.
Outputs:

Effects of the changes on the views are seen when the Display Setup dialog is closed with
the Ok button. Changes to the color palette are previewed while the dialog is till open.
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Exception handling:

Numerical input values are checked and limited to the valid range. FFT window sizeis
automatically adjusted to be a power of 2. When the maximum number of views is
reached, new view definitions can’'t be made. If all available vertical spaceis used by the
non-automatic heights (expressed as percentages), the sum equals 100% and a new view
is created, it is assured that at least 10% of the available space is shared with the
automatic height views by decreasing the largest defined height percentage.

Color Setup

Purpose: setup the display colors.

User input:

* Setup|Colors... command (menu) to open the Color Setup dialog

* In the Color Setup diaog:
» edited color -selection radiobuttons
» didersfor red, green and blue components for currently selected color
* Restore All button for restoring the original colors
* Defaults button for resetting the colors to default values
* Ok, Cancel and Help buttons

Description:

User interface colors (excluding the view colors defined in the Display Setup|A ppearance)
can be adjusted here. By clicking a color box on the left side of the dialog, the standard
Windows color selection dialog is displayed. Another way to edit the colorsisto use the
didersfor adjusting the red, green and blue primary components of the currently selected
color. Origina color is shown on the left half and the changed color on the right half of
the color box above the dliders. Origina values can be restored with Restore All -button.
Colors can be reset to their default values with the Defaults button.
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Outputs:
The changes are previewed while the dialog is still open. If the dialog is closed with the

Cancel button, original colors are restored.

Exception handling:
When other color intensive Windows applications are running simultaneously, and display
isin 256 color mode, al colors may not be displayed correctly due to the limited system

resources.

Filter Setup

Purpose: create and edit filter definitions.

User input:
* Setup|Filters... command (menu) to open the Filter Setup dialog
* In the Filter Setup dialog:
*» Ok, Cancel and Help buttons
* list of filters (one filter / row), where each filter definition has
* filter index listbox
* filter name text
* type selection (Butterworth, Chebyshev or Special)
* band selection (lowpass, highpass, bandpass or bandstop)
* cutoff frequency
* bandwidth
o filter order

* Information column for opening the Filter Information dialog
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Description:
Filters are used both for signal pre/post-processing (see Process dialog) and signal graphs
(see Display Setup). A new filter isdefined by giving it aname, after which the other fields
are initialized with default values. The sampling frequency dependent coefficients are
caculated automatically for Butterworth and Chebyshev type IIR filters. In addition
there's the Specia filter type to provide the user the possibility to give the filter
coefficients manually in the Filter Information dialog. For Specia type filters, it is
recommended to use the intended sampling frequency as a part of the filter’s name.
Band salections have the following meaning:

* lowpass. filter all frequencies above the given cutoff frequency

* highpass: filter al frequencies below the given cutoff frequency

* bandpass. filter al frequencies outside the band [cutoff, cutoff + bandwidth]

* bandstop: filter all frequencies inside the band [cutoff, cutoff + bandwidth]

Asthefilter order increases, more calculation time is required.

In the Filter Information dialog, the filter coefficients are shown (and given for Special
typefilters). Also, possible errors detected in thefilter design and calculation process are

displayed (for other than Special type filters).

Outputs:

The defined filters can be used both in the Process dialog and in the Display Setup dialog.
If afilter definition is currently in use in either of these dialogs, the changes take place as
the dialog is closed with the Ok button.

Exception handling:

All input values are checked and limited automatically. If overflows or any errors are

detected during the filter design, warning messages are displayed in the Filter Info dialog.
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Tool Applications

Purpose: provide aquick way to launch other applications with user defined parameters.

User input:
* Toolsl<user selected name> command (menu) to launch the selected application
* Toolg[Tool Applications... command (menu) to open the Tool Applications dialog
* In the Tool Applications dialog:
*» Ok, Cancel and Help buttons
* list of tools (one tool / row), where each tool definition has
» tool index listbox
» description text (to be shown in the Tool menu)
* gpplication selection

» command line parameters

Description:

Tool application is any other program that the user wants to have quickly available.

In the Tool Applications dialog, these applications can be selected, along with optional
command line parameters. Also the name of the currently open document can be given as
acommand line parameter (represented with a%-sign). Each tool is displayed in the Tool
menu with the description given by the user. Mixer tool (toolbar [fl&]) has been given as

an example of atool application.

Outputs:
Tool definitions are updated in the Tool menu when dialog is closed with the Ok button.

Exception handling:
If the tool application has been moved or deleted since the definition, and can’t thus be
found when selected in the menu for launching, user is informed and a possibility for

locating the tool application in question is offered.
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Q @ Help system
Purpose: provide help on using the program and its functions.

User input:
* Help|Contents... command (menu) to open the Help window contents page
* Help|Using Help... command (menu) to open instructions for using the Help system

* Context Sensitive Help button (toolbar Q‘?) to activate the context sensitive help

Description:
On-line help system can be used either by browsing the help pages via the Help|Contents
command, or by using the context sensitive help. Thisis done by

 clicking the Context Sensitive Help button, activating the help mode

» selecting amenu command or clicking any button (or other object) on the screen

* the help window appears, providing help for the selected object or menu command
Context Sensitive Help mode is deactivated automatically after the help window appears,
but it can also be deactivated by pressing the Escape button.

Outputs:

Asthe Context Sensitive Help mode is activated, the cursor shape is changed to resemble
the Help button. When context sensitive help is deactivated, the cursor shapeis restored.
Help pages are displayed in a separate window.

Exception handling:
If help can’t be found for the selected item, user isinformed by the Windows help system.
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M ouse functions

Purpose: make selections or select a position in the signal graphs.

User inputs:
* |eft button click on the views = set current position
» |eft button click with the keyboard Shift key down
= select area from the current position to the click position
* right button click to open a floating pop-up-menu
» mouse movement while the left mouse button held down =
» comment mark dragging if the button is pressed down on a comment mark

» otherwise, signal area selection (if there are signa data currently displayed)

Description:

By default, the position indicator is set to the beginning of the signal. Current position is
indicated with a vertical line. Position is used, for instance, by the Play function as a
starting position for the playback and in the Paste functions as a starting position for the
pasted data. Selections are used by several functions, such as Play, Cut, Copy, Delete,
Trim and Zoom In. Some of the most essential commands, such as Play and Add
Comment, are found in the floating pop-up-menu. Add Comment Here! is the only

command that is available only through the floating pop-up-menu.

Outputs:
When a new position is selected, the position indicator is moved to the selected position.
Selected area is indicated with a dot-matrix between two vertical lines. Selection

disappears when a new position is selected by clicking the left mouse button.
Exception handling:

If the size of the signal data changes, is it ensured that position and selection are within

the valid range.
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4. Discussion and Conclusions

When analyzing a project, typically a good question to ask is whether or not the results
meet the specified requirements. Initial requirements for this project were rather |oose,
since it wasn't known what exactly would be the goal. Specifications became more
detailed as satisfying implementations were found. Some specifications had to be removed
and others were added as the realizability and usability of ideas was tested in practice.
An example of discarded ideas was a “dictation machine” as an alternative way to fill in
the patient information. At first it sounded like a promising idea as something that
cardiologists are aready familiar with; however, several technical and usability problems
showed that it would probably just cause everybody a bunch of gray hairs in the future.
On the other hand, the snapshot recording mode is a feature which improves the usability
of this software significantly, but was invented only after a couple of years of
development. It was received by the test personnel with great enthusiasm, and has now

established it’s place at the heart of the program’ s functionality.

“Shoot anything and call it the target” is one of the ways to guarantee success. In this
project, the definition of the goal has been, to some degree, a subject to change. Features
and objectives for the product are defined in the requirements specification, chapter 2.
These have been essentially fulfilled, and even exceeded: with only minor changes, the
software can be made suitable for monitoring and analyzing practically any biosignals.
Still, the ultimate goal must be set much further.

The existing product remarkably improves the objectivity and accuracy of diagnosing
heart murmurs. Integrated multimedia documentation increases comparability and
provides means for post examination and educational use. Electricaly exchangeable
documents increase the time and cost efficiency of diagnostic work by making it possible
to examine patients aready in the primary health care and utilize teleconsultation when
necessary. However, only afew people are using it in their work on everyday basis so far.

Thus, the final success still remains to be seen.
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