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EDUCATIONAL ON-LINE ATLASOF IMAGES OF RESPIRATORY SYSTEM

An educational on-line atlas of images of respimagystem is described in this paper. It is a tewrhnd
testing tool designed for faculty and studentsxithange experiences and to collect and reviewdstiglg cases
useful in diagnosis making process and teachingedicated atlas database is able to store studyiplésn
data, compressed image data and high resolutio®Ml@les as well as multimedia files of studiesleoted in
clinics. Currently the database contains 85 studfesathological and normal cases. Communicatich @ha
user with the atlas application and the databagwdsided by graphical interface (GUI) accessibie web
browser. Management of the database and user @sotambe also remotely performed via GUI. GUI ibasn
approved by clinical expert as useful in clinicedgtice. Based on collected studies a testinghuiit in the atlas
offer various tests created by entitled users. sAHgplication provides restricted access for anaugrand
unregistered users.

1. INTRODUCTION

Dynamic development of the Internet and its usefs#nin exchanging medical knowledge
and image data draws attention of users, desigmetslevelopers. Various kinds of computer aided
diagnosis software used in clinical practice argttebnic atlases play an important role in medical
diagnosis support and training process due to aesyss, fast query of interesting cases and short
time of atlas applications’ response. The basicepts of electronic atlases (EA) are dedicated to
the exchange of medical knowledge, improvemenhefdiagnosis-making-process [1], as well as
support in teaching faculty and students. Presesdical atlases are available in the following
forms: books, electronic atlases issued on traalfer media (CDs, DVDs) and electronic
repositories accessible through websites. Utilizing last form (‘latter’ is used for 2 items) is
usually registration based and free. Electroniousses with medical atlases are usually designed
and created by academic communities and medicalotclor hospitals. Examples of such vast
repositories can be found in Harvard and Yale [8bsites.

Currently available EA are devoted to imaging aedatiption of particular organs, systems or
body parts. The limitation comes largely from thetadcollection process. A careful selection of
cases is usually difficult, time consuming and rezgian expert knowledge. Currently, a number of
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free access atlases containing normal and patlwalognages of respiratory systems (RS) is limited
[2] or they refer only to the part of RS; for inste, [3] refers only to bronchoscopy. Although thes
EA contain image data with or without medical répthere is lack of teaching and testing tools
provided on these websites. Additionally, imageth@muncompressed (diagnostic, DICOM) format
are not available to download even for registerssts

In this paper an educational on-line atlas of insagé respiratory system is presented. It
contains eighty-five cases that are split into ast normal impression of lungs, as well as
pathological cases of RS. Image data with assatiatedical records are stored in a relational
database server. The atlas application also cantaiilt-in teaching and testing tools. A graphical
user interface (GUI) gives a user access to the agdository through queries’ system via a web
browser window. Registered users are entitled tendlmad diagnostic images in the DICOM
format, add new images to collected studies, addsiadies, update the database and edit medical
reports.

2. MATERIALS AND METHODS

The goals of the application are for it to be etasyse and fully accessible through the WEB.
In order to collect and store image and text dataappropriate database system was designed. It is
based on a relational database model implementdtlyBQL language [4]. Communication with
the database is implemented by SQL queries nestetiP (Hypertext Pre-processor) code [5]. The
idea of the atlas is based on Three-Tier Applica#iochitecture (fig.1) containing the following
layers: data, application and presentation. The d@yer and GUI are described in following
sections. To reduce hardware and software usegigreanents the 4th WWW (World Wide Web)
web page generation was used in order to run degadmad application on the web-server. An IS
server (integrated with MS Windows operating systeras selected for this purpose [6]. The atlas
application was designed in HTML and implementethv@HP programming languages installed
on the WWW server.

| Browser | | WWW server | | Database
GUI Processing Storage

(Presentation layer) (Application layer) (Data layer)

Fig.1 Three-Tier Application Architecture

The atlas of images of respiratory system (AIRiS) run on the web-server, which
communicates with the database. Queries of usera the GUI in the browser window are
processed by the application and sent to the dseab@ommunication between the GUI and
application is carried out via TCP/IP and HTTP paoais [4].

2.1 DATABASE STRUCTRE

In the data layer three types of data are storé¢dardatabase system: image data (JPG, AVI,
DICOM files) with medical records (text files), usdata and tests. Hence, database has been
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divided into three units (fig.2). User Unit contaione table with user text data. It encompasses use
name, login name and password. Every user als@ status assigned to them during registration
process. A status value reflects access and rafhésuser to particular units and services in the
database. User rights are explained in the sebttow.

[ Userunit | | Teaching Unit | | Testing Unit |
| Users | [ Histoy | % [ Images | | Questions | g [ Tests |
[ Patients | ® [ Examinations |
| Disease | 4 | Linlzlg | | Organs |

Fig.2 Database structure with units. Arrows mankgi between modules of particular units.

Testing Unit consists of two tables with relatiafstable fields of type ‘many to many’ [7].
Each new test can be created by restricted ussesilma a set of questions that ought to be stared i
the database before the test is created. Usehe alaime category may also input new questions and
answers to the Testing Unit. A user also has tlmalwéty to generate tests based on random
selection of certain types of questions. Teaching I$ a more complicated type of table. Relations
between table fields are reflected by a ‘one to yhaglation model. This unit is composed of 7
normalized tables. Each table contains a primayythat is indexed. There are also foreign keys in
nested tables linking, patients, images and patiémstory. Due to normalization procedure [8], it
was necessary to create auxiliary patients’ talbieé kEnking table connecting dictionary tables
(disease, organs and examinations) to minimizen@alcy in the table structure. To reduce storage
space of database structures all images are stosegharate server folders. Image data is assdciate
with fields in database by primary keys, so thaheaf each image is equal to a primary key of a
certain study stored in the database [9]. One stualy contain up to 15 images. This information is
stored in the history table. A set of primary keysmages stored in the history table points to the
image files of the certain study. When a new imadgeeing added it is uploaded to the unique study
folder, and the history table and set of primaryskare updated.

2.2. GRAPHICAL USER INTERFACE (GUI)

The GUI offers an access to the atlas through a#ieig panels in a web browser window. A
main bar in the top of the GUI window (fig.3) coimiglinks to the Teaching and Testing Units, help
module and database update module.

Internetowy atlas cbrozéw uktadu oddechowe Edit Databas ej
3 Al T USZUKAT g | TESTUT | UcZEll | POMOC | EDVRwem ——_

| Main bar I Narzedzia uiytkownika:

® EDYTUJ SWOJ PROFIL,
R Narzedzia adm
Option bar T
N dzi o’ ora

Fig.3 GUI. Teaching and Testing Units window.

i A . 2 uprawnia do edycji
Teaching & Testing Units I,W,,,gupmwm

TEyen | edyeji istniejasych pytar

The help module was created to provide instructi@fsted to services and options built in
the atlas application.
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2.2.1 ACCESS TO TEACHING AND TESTIG UNITS

The AIRIS provides technical information about midgass used in imaging of RS as well as
any medical information about diseases of RS iredugh the Teaching Unit. The Teaching and
Testing Units are linked to the database and HTMio ifiles (fig.4). Content of database is

available through the GUI. An example of a studyrfrthe database is shown in fig. 5 and fig. 6.
| Educational On-line Atlas of Images of Respiratory System |

\ 4
v \ 4 \ 4 \ 4
Teaching Unit Testing Unit Help Database M anagement Tools
T HTML info files

Information about modalities A
Folders on lIS serverlq

Study i ¥

u Images

ymes MySQL database <

Fig.4 Teaching and Testing Units and their linkshi® database.

The interactive part of the Teaching Unit displayage data (and movies) with a description
of pathology (fig.5). All studies collected in dbtese are available from the Teaching Unit level.
While new images are being stored, it is necessapyovide the date of examination and medical
report data in order to complete a record entng. fossible to store a single image for each sasdy
well as series of images acquired at different simdploading a DICOM file is possible after
obligatory patient data anonymization.

J  Study descriptioa
dodamar, ]

| View other images of the same study

Fig.5 GUI. Teaching Unit — data presentation

The database can be searched by disease, examityg@or a part of respiratory system. As
a result, a list of icons is created and displayetthe GUI window. A user is able to view an image
in either a fixed size in a GUI frame or in fulkseiby opening it in a new browser window. An
example of database record update is presentew).ib.f There is also a possibility to edit the
medical report of an existing study or append a maage to an existing study. Appropriate tools
are available through the GUI (fig.6) for that posp. The user may also add a new case via a link
from the main bar (fig.3).
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The Testing Unit is an augmentation of TeachingtUhicontains two variants of tests:
random tests pertaining to a chosen domain or feadeed tests already stored in the database.
While solving tests, a user has to mark answer<lwlare sent back to the Testing Unit for
checking. A score with the quantity of correct awdong answers is provided to the user
immediately. Moreover, Testing Unit generates tdfsall correct answers and sends it back to the
GUI. [10].

i!Oskr‘zeIa . ..

“ Dicfa badarie: 3/8/2005 Edit study description
|

I

Otwirz zdjecie w petnym mza g/
Echytuy apiz

Usuk cie

Powrdt

S
W bazie nie mainnych zdjed dla tegn Delete Imagej

ie dla teqo przypadku

Add new image to the study |

Fig.6 GUI - Image Unit. An example of the recordlafe

2.3 USERS

In order to provide access at various levels, tyypes of user account were createdst, read
and write all, read and write test, read only andanonymous. Anonymous users may use the service
without login and password, but they will have lieai access to collected data. They may browse
images with medical reports and without full accesgeaching and testing tools. Full access to
Teaching and Testing units is restricted to regestaisers only. All users wittead and write test
rights can modify Testing Unit. Changes in Teachilmit can be made by users witad and write
all status. Full access to the whole service withtsigh manage all users is available onlyriaot
user. Every registered user may change his passwarGUI at any time. Name and status of
currently logged-in user is stored in session ddtamber of users logged-in at the same time is not
limited. [10].

2.4. IMAGE DATA

Currently, AIRIS database contains 85 examinatifreble 1). All studies with medical
reports were collected at the Clinic of Lung’'s Rises and Tuberculosis in Zabrze and Centre of
Diagnosis and Laser Therapy in Bytom. Before thagendata had been included in the database, all
cases were consulted and reviewed by a lung disegsert. Next each image file and medical
report was subjected to an anonymization routiriee Gurrent collection of studies with affirmed
pathologies has been split into 14 groups reflgctiarious lung diseases. There are also 9 cases of
respiratory system with normal appearance. Alllsimgpages are stored in JPG format. Additionally
some of the images are also stored in DICOM for@at movie file has also been uploaded.

Table 1 Database content
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Examination type Number of examinations Image Data type
JPG AVI DICOM
Bronchoscopy 21 21 1
Bronchography 1 1
Computer tomography 17 17
Videotoracoscope 6 6
X-ray 40 40 16
Total number 85 85 1 16

2.5. SYSTEM IMPLEMENTATION

The AIRIS application is currently installed andadable for registered and anonymous users
at the Silesian Technical University’s server WitRL http://157.158.17.138/pluca. The Clinic of
Lung’s Diseases and Tuberculosis in Zabrze is abdae owner and is in charge of database
administration, providing access for users andldeta management. At present, AIRIS is available
only for registered users as wella®nymous and for only educational and testing purposesséy u
is able to run the application using a web browSerce AIRIS database may include movie data, a
user should have installed plugged-in tools fopldig of video files.

4. RESULTS AND CONCLUSION

The on-line Atlas of Images of Respiratory Systeas been designed, implemented and
successfully installed. Currently it consists of 8B8ferent cases grouped in disease related
categories. The application has built-in tools ukef the study of respiratory system diseases and
functions. The service also provides information loow certain modalities can be used in
diagnostics of respiratory system. The on-line isenis dedicated mainly for physicians and
students. It provides the possibility to systeneatiteresting pathological cases met in practice by
physicians and may be useful in teaching. The serallows adding new data records and saving
disease history with subsequent updates of anyopéne record. The capability of storing DICOM
images that could be downloaded from the databakesthe service more useful comparing to the
existing solutions. The GUI has been approved blnécal expert as useful in clinical practice. In
future works, AIRIS is being considered to be ttatesl into an English version.
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