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ABSTRACT:

This paper presents a software application for maating new generation of a product line of
thermocyclers. A device called thermocycler is usgdoerforming DNA amplification using PCR [4]
method. As time passes by, thermocyclers are gettimaller and more complicated. Therefore, also a
need of more sophisticated control software ari¥bss is a real-time application that must be dble
run smoothly under various operating systems. Anathgr requirements, it has to be also robust (able
to run without break-ins), must log significant eteeand send log files to be processed on distnilsut
master server. Last but not least, the applicatmust provide modern and cross-platform GUI that
adjusts for every user role. We present the desigine architecture and some implementation results
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INTRODUCTION

Thermocyclers are widely used in biomedicine odfgalustry. Their main purpose is to detect
whether given DNA sequence contains desired suleseguor not. The process of this detection
consists of three elementary step®lA isolation DNA amplificationandspectroscopy analysi$lany
present-day thermocyclers are capable of perfornasgtwo steps, but not all three together. Our
company is preparing new generation of device, kil be able to do all three steps in a single. ru

Competitive software products for manipulationhavibermocyclers are made-to-measure for
existing devices. Each device producer has its oammunication protocol, so there is a need to
develop our own control software that will suppalitrequired features. Among all there is a strong
demand for software that will run under variousraiag systems.

1. ACTUAL SITUATION

Present-day thermocyclers are developed by selviemraledical companies likgioterm/Biotech
or Corbett Each company distributes its own devices withaten specialized control software.
Corbett's thermocyclers, which are widely used mec¢h laboratories, are provided with Rotor-Gene
control software.

1.1 Rotor-Gene application

Rotor-Gene 1.7.87is a GUI application from Corbett Corporation, wlhiis used for
manipulating theRotor-Gene 600@hermocycler device. Application allows processamgl displaying
of real time data obtained from the device. Thigliaption is written in Visual Basic language arahc
be used only under MS Windows operating system.

Rotor-Gene software detects thermocycler device GDM port and instructs it with
time/temperature series called profiles. It is extihg the temperature and the fluorescence of the
samples during the run of the device thermocydieese data are processed with the Rotor-Gene
software and the diagnosis predictions are made.

The main advantage of the Rotor-Gene softwar@as it is capable of running in the virtual
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mode (without thermocycler connected) and providisgr with the generated testing data. The user
interface is complex and very intuitive despitésibrganized as MDI application. All profiles caa b
graphically edited and data that are being colteadaring the run of the device are plotted in
sophisticated graphs in real time.

1.2 TManager and TProfManager

Thermocycler manager 4.11 (TManagey)a software from Bioterm company for manipulatio
with T300Q TPersonal T1 plusand TRobotthermocyclers. The functionality of this applicatits
similar to Rotor-Gene, but unlike Rotor-Gene, thgplication does not perform the real time data
analysis. Data are collected from device and stamespecified file only. The user interface of this
application is very brief and not well-arrangedofites can be edited only as a list of text values.

Bioterm provides also &ProfManagerapplication for theifT Professionathermocyclers. This
software allows to control up to 5 thermocycleraudianeously. Both these products are capablero ru
under MS Windows only.

2. TECHNOLOGIES USED

The discussed application is developed with usafjewaterfall model methodology.
Requirements were collected, specification andgtesvere prepared using of UML 2.0 modeling
language in the VisualParadigm suite. Applicatisrbeing implemented in C++ [1] language (CEOQO's
request). Since the C++ does not provide native, Bigéads, thread-safe containers and other retjuire
features, Qt4 library [6] is used to support th&wor. the user interface development, OpenGL and Qwt
libraries are also utilized, because the applicatraust provide an interactive GUI supported witd th
animated 3D models.

The application is being developed under QtCrel@i&rand for automated makefile generation
cmake build systef3, 5] is used. Although gmake is native choice@ application, we experienced
some serious problem with library linking in gmakeie to that, we decided to switch to cmake.

3. APPLICATION REQUIREMENTS
3.1 Functional requirements

A Profile managementto be able to create and store different tempegarofiles and send them
to the device

A Sample managementto describe the samples and assign them toethieeds rotor

A User role management to work with different user roles, only the mgerof the laboratory
will be allowed to see the diagnosis

A Real time data processingollect the data from the device in real timmapsform it in the core,
plot it in Ul and store it in the data model

A Service mode provide the service mode in which the calibmatiof the device should be
performed

3.2 Other (non-functional) requirements

A Robustnessto be able to run without break-ins, all sigraint events must be logged
A OS independencyrun under different operating systems
A Eye-candiness support user interface with animations and vigasibns, allow graphical
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editing of profiles
4. ARCHITECTURE OF THE APPLICATION

During the design process, we divided the apptioainto five modules (see Fig. lgommon
datamodel deviceiq core andui. Utility classes like logger or state machine iempéntation that are
common for other four modules are stored in ¢benmonmodule. Thedatamodelcontains all the
classes that are needed for the manipulation Wwélptofiles and measured data or for the management
of physical quantities and units. Tldeviceiomodule allows application to communicate with the
connected device, this module contains classeswvih#tfor device messages, generate signals from
these messages and send signals to the rest afpftieation (other modules). There module is
responsible for transmitting the data between thg dnodel andleviceiq it also performs some
calculations and data processing. Thenodule contains the user interface of the apptinateside
dialogs and forms it provides graphical componédatsthe manipulation with the time/temperature
plots or for the 3D manipulation with rotor.
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Figure 1: Package diagran- main modules capplicatior

4.1 Architecture of datamodel

The datamodel is composed of several segmentsk@yhpart of datamodel takes responsibility
for maintenance gbrofilesandtemplateqFig. 2).

The profiles are time/temperature series thatuctt device how to change the temperature as
the time passes. There are three basic profielst melt andcycling Thehold profile specifies the
temperature and the period, for which it must bentamed. Themelt profileinstructs device to rise
the temperature from the staring value up to theevetue with a given time/temperature step. Finally
thecycling profileinstructs the device to repeat several periodgrevbne period is sequencehofds

The template is a sequence made of various psofllis sequence will be assigned to every
run of the device.
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The other packages (submodules) of the data nawdedtor, profiles results and model3d he
rotor package is responsible for managing differentgygferotors that can be used within the device. A
package profile contains classes that hold infoilonadbout samples (test tubes). Samples should be
marked as positive control, negative control, ar ba assigned to specific patieResultspackage is
responsible for holding data collected from the idev(temperatures, fluorescences, rotor's
revolutions). Packagamodel3dcontains API for manipulating with 3D models. TABI is used in GUI
of application to manipulate with models of rotorodher visualizations.

QAbstractTableModel AbstractPlotDataNode AbstractPlotDataleaf
% % JANWA
AbstractProfile
Template #profiles | AbstractAtomicProfile
>
*
#selectedPtr| 1 * | #templates JAN ? ?
#instance MeltProfile HoldProfile CyclingProfile
1 #numOfPeriods : int
TemplateManager ’ 1?#period
CyclingPeriod
1 #meltData
MeltData ?
#temperatureStart : Amount | 1 | #step * | #steps
#temperatureEnd : Amount HoldData
#temepatureStep : Amount #duration : Amount

#waitBeforeFirstStep : Amoun #temperature : Amount
#waitAfterEachStep : Amount

Figure 2: Class diagram for templates/profiles mgement

4.2 Architecture of deviceio

Since the application should be runnalnteler Linux and Windows operation systems it must
be implemented two ways to communicate with theiaevBoth types of operation systems are
specific but there is also possible to find someilarity.

The important requirement is the robustness. Ppdication has to be able to find whether the
device is connected or disconnected at each titnerefore, the enumeration of device as well as the
interchange of the messages is done in an infio@ in separate thread. Fig. 4 shows the base
algorithm to do one step of the loop. This baseralgm is similar for both types of operation syste
The difference is in implementation of concretaad.
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The enumeration is solved by using a Udev lib@mLinux systems whereas on Windows it is
SetupAPI library. It is only an interim solutionh@& process of enumeration and communication will be
replaced by an event-driven thread instead ofrtfieiie loop in the future.

Common USB cable is used for connecting the detdacBC. Microcontroller placed on the
device is able to transform USB to VCP (Virtual COMrt). It is very useful because it is possible to
communicate with the device using simple text comication protocol like with RS-232 port.

4.3. Architecture of common

The commonmodule contains classses that can be accessedaftather modules. The most
significant part of the common module is thgger package (shown in Fig. 5). The main reason for the
implementation of the logger is to make the loggafignany kinds of messages sent from different
parts of the software easier. There are two passbhders of messagapplication anddevicg and
four types of messagedgbug warning, error andcritical).

First implementation of logger contained only anessage queue. But this implementation
experienced difficulties, when a large number oksagles in a small amount of time was sent to the
logger. These difficulties resulted in breakdowrthe# whole application. Therefore tR¥VriterThread
class has been introduced. This class acts likeoa gf the message queues. When the the currently
used queue is full (reaches its maximum capacihg FWriterThreadis asked for an empty queue
which is substituted for the current one. Whileeampty queue is being filled, the full one is fludhe
the file. In the case th&WriterThreadis asked for a queue and there is no empty one jmstance of
the queue is created.

QObject
AbstractLogger
-instance jk
Logger N
1 [actualLevel : int -messages 0..
-maxMessages : int Message
-messagesPtr : QQueue<Message*... -description : QString
-sender : MessageSender

’ -className : QString
-level : int
-type : MessageType

(S2) 2]
<<enumeration>> i
MessageType <<enumeration>>
<<Constant>> -MTYPE_CRITICAL MessageSender
<<Constant>> -MTYPE ERROR <<Constant>> -MSENDER_APPLICATION
<<Constant>> -MTYPE_WARNING | |<<Constant>> -MSENDER_DEVICE

<<Constant>> -MTYPE_DEBUG

1 -fwt
FWriterThread
-freeQueues : QList<QQueue<Message*>*>

-usedQueues : QList<QQueue<Message*...
-numberOfQueues : int

+getEmptyQueue() : QQueue<Message*> *
+writeToFile(msgs : QQueue<Message*> *)

Figure 5: Class diagram of logger
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5. RESULTS AND FUTURE DEVELOPMENT PLANS

The application development is so far still in Ieypentation phase and the device is also under
heavy development. Our software team is providet wmly a prototype of the microcontroller. Even
though this microcontroller is not connected wittvide, it is capable of testing data generatiorn. Ou
application is capable of receiving, storing anatiphg of this data. During the development,
application is being tested under Archlinux, Ububitotux, MS Windows XP, MS Windows 7 operating
systems.

It is estimated that the whole development wiketapproximately another half ofyear, if
everything progresses smoothly. User roles managesystem must be implemented to fit the
datamodel, widgets for controlling and monitorinfgtiee device are still missing in the Ul and only
virtual mode ofdeviceioand core modules are fully implemente€ommunication test with device
prototype has yet to be performed.

Fig. 6 presents the screenshot of the applicatiototype on which the 3D model of the rotor
with samples can be seen.

Genelrac
4 Operator Diagnostics Samples Visualisation

A

Sample

Positive control v

Ll true | v

Visualisation

Figure 6: Screenshot of the application
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