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Abstract. The main area of interest of our project is to provide solution which
can be used in different areas of health care and which will be available through
PDAs (Personal Digital Assistants), web browsers or desktop clients. The real-
ized system deals with an ECG sensor connected to mobile equipment, such as
PDA/Embedded, based on Microsoft Windows Mobile operating system. The
whole system is based on the architecture of .NET Compact Framework, and
Microsoft SQL Server. Visualization possibilities of web interface and ECG
data are also discussed and final suggestion is made to Microsoft Silverlight
solution along with current screenshot representation of implemented solution.
The project was successfully tested in real environment in cryogenic room
(-136°C).
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Room.

1 Introduction

Aim of the platform for patients’ bio-parameters monitoring is to offer a solution
providing services to help and make full health care more efficient without limitations
for specific country. Physicians and other medical staff will not be forced to make
difficult and manual work including unending paperwork, but they will be able to
focus on the patients and their problems. All data will be accessible almost anytime
anywhere through special applications designated for portable devices web browser or
desktop clients and any made changes will be immediately at disposal to medical staff
based on the security clearance. Nurses will be able to find out prescribed procedure
of patient treatment which was written down by doctor during regular round. Physi-
cians will have immediate access to the patient’s newest results of accomplished ex-
aminations. In the case that the ambulance have to go to some accident, rescue team
can due to portable devices send information about patient health condition directly to
hospital where responsible doctors and staff will have information needed to execute
immediate operation without delaying by preparation of necessary equipment.
Patients who need not hospitalization will be able to be treated at home due to the
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system capable of remote transmission of information about patient’s bio-signals, so
patients will be constantly under medical supervision and doctors will be able to make
necessary measure if needed. All bio-signals data will be stored and automatically
analyzed by neuronal network. System will evaluate presence of critical values which
could be the sign of worse medical condition of a patient. In the moment of crossing
the border of monitored bio-signals values inserted by doctor, system will inform
responsible medical staff and provides all information which could help to determine

the cause and seriousness of the problem.
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Fig. 1. Architecture of Guardian II platform

The basic idea is to create a system that controls important information about the
state of a wheelchair-bound person (monitoring of ECG and pulse in early phases, then
other optional values like temperature or oxidation of blood etc.), his situation in time
and place (GPS) and an axis tilt of his body or wheelchair (2axis accelerometer). Val-
ues are measured with the existing equipment, which communicates with the module
for processing via Bluetooth wireless communication technology. Most of the data
(according to heftiness) is processed directly in PDA or Embedded equipment to a
form that is acceptable for simple visualization. Two variants are possible in case of
embedded equipment — with visualization and without visualization (entity
with/without LCD display). Data is continually sent by means of GPRS or WiFi to a
server, where it is being processed and evaluated in detail. Processing and evaluating
on the server consists of - receiving data, saving data to data storage, visualization in
an advanced form (possibility to recur to the older graph, zoom on a histogram (graph
with historical trend), copying from the graphs, printing graphs), automatic evaluation
of the critical states with the help of advanced technologies (algorithms) that use
Artificial intelligence to notify the operator about the critical state and its archiving.
Application in PDA, Embedded equipment is comfortable, with minimum time - the
first configuration, but also configuration after downfall of application. The level of
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visualization will be lower. The described system can be used with small modifications
for monitoring of patients in hospitals or people working in extremely hard conditions.

2 Developed Parts of Platform

Complete proposition of solution and implementation of the platform for patient’s
biotelemetry as it was described in previous chapter requires determination and
teamwork. Every single part of the architecture has to be designed for easy applica-
tion and connectivity without user extra effort, but user must be able to use given
solution easily and effectively. Crucial parts of whole architecture are network serv-
ers, database servers and client applications. Due to these crucial parts the develop-
ment is focused particularly on proposition and implementation of desktop client
application, database structure and some other important web services.

Scenario for communication among desktop client, web services and Microsoft
SQL Server is: desktop client runs on user’s computer and connects to web services
on remote application server. After the desktop client is connected, web services con-
nect to remote database server. Web services provide methods for users so users are
capable to work with different data stored in database.

2.1 Mobile Parts

The main part of the system is an Embedded or PDA device. The difference in appli-
cations for measurement units is the possibility to visualize the measured data in both
Real-time Graph and Historical Trend Graph, which can be omitted on an embedded
device. PDA is a much better choice for Personal Healthcare, where the patient is
already healthy and needs to review his condition. Embedded devices can be designed
for one user, with the option to use an external display used for settings or with the
possibility of usage in extreme conditions.

As measurement device is possible to connect several device with Bluetooth com-
munication possibility. In our application we use an ECG Measurement Unit (Corbelt or
BlueECG) through a virtual serial port using wireless Bluetooth technology. Measured
data is stored on a SD Memory Card as a database of MS SQL Server 2005 Mobile
Edition. The performance of available devices seems insufficient for sequential access;
parsing of incoming packets is heavily time-consuming. Pseudo paralleling is required.
A newer operating system (Windows Mobile 6) must be used to allow the processing of
data from a professional EKG due to thread count limitations. The informations about
user, as ID, name, surname, address and application properties are stored in the system
registry (HKEY_CURRENT_USER / Software / Guardian). Working (saving, reading,
finding) with registry is easier and faster as saving this informations in file. User registry
values are crypted with simple algorithm (shifting char ASCII value).

Devices based on PDA type have a several limitations such as low CPU perform-
ance, low battery life or small display, which is possible to solve by embedded ver-
sion of such mobile clients. We created a special windows mobile based embedded
device. During the development process the several problems occurred. One of them
and the most important was the need of a new operation system creation for our
special architectural and device needs. We used the Microsoft PlatformBuilder for
Windows CE 4.2 tools. The created operation system based on standard windows
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mobile has several drivers which we need to operate with communication devices and
measurement devices.

2.2 Server Parts

In order to run a server, an operating system supporting IIS (Internet Information
Server) is needed. IIS allow to users to connect to the web server by the HTTP proto-
col. The web service transfers data between the server and PDA/Embedded devices. It
reads the data, sends acknowledgments, stores the data in the database and reads it
from there. The service is built upon ASP.NET 2.0 technology. The SOAP protocol is
used for the transport of XML data. The Wireless ECG approaches a real professional
ECG with data rate as high as 800 records per second [1]. Considering 100 patients,
the value gets to 288,000,000 records per hour. Even if the server accepted only 50
records per second, the sum of records for 100 patients per hour would be 18 million.
That is an extreme load for both the server and the database system; hence a better
way of storing data is needed. Methods that devices communicating with the web
service can use include: receiving measured data, receiving patient data, deleting a
patient, patient data sending. To observe measured data effectively, visualization is
needed. A type of graph as used in professional solutions is an ideal solution. To
achieve this in a server application, a freeware Zed Graph library can be used. For
data analysis, neural nets are a convenient solution. However, there are problems in
the automatic detection of critical states. Every person has a specific ECG pattern.
The Neural net has to learn to distinguish critical states of each patient separately.

Important part of Guardian is central database. There are stored all data of medical
staff and patients. Data of patients include different records such as diagnosis, treat-
ment progress or data which are results of measuring by small portable devices desig-
nated to home care. These data represent the greatest problem, because amount of
these data rapidly increase with increasing amount of patients. Due to this fact data-
base servers are very loaded.

Next important parts of the platform are web services, which allow us effectively
work with medical records or other data. Guardian web services are: User manage-
ment, Data management, Configuration management, and User management. Each
web service deals with common security module, which provides methods for one-
way encryption and also implementation of methods for authorization and other secu-
rity components is planned.

2.3 Visualization

We have much posibility to plotting the graphs, but in every case we can catch any
disadvantage, which is caused by a lot of elements. We will try to map these solutions
and find the best one for the EKG data representing.

For the main programming of the entire application it is used the ASP.NET 2.0
platform. ASP.NET is the next generation ASP, but it's not an upgraded version of
ASP. It is an entirely new technology for server-side scripting. It was written from the
ground up and is not backward compatible with classic ASP. It is also the major part
of the Microsoft's .NET Framework.

There a lot of questions between choosing the right choice for the graphical data
representing. We can use for example the Dundas Graphs, Adobe Flash or the new
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Microsoft Silverlight. Dundas Graphs is a very popular choice, and we can say the
best-known between commercial use. This is also the big disadvantage — we could not
use it for ourselves as the open — source solution, and the customizing is disabled, too.
Macromedia Flash is the best-known choice for its very good internet viewer’s com-
patibility, but it has also many disadvantages. For example, if we have rendered .SWF
file, and included into the HTML code, it is impossible for us to edit it. XAML of the
Silverlight is very good solution, because it could be edited just in the notepad for
example.

Microsoft Silverlight is a programmable web browser plug-in that enables features
such as animation, vector graphics and audio-video playback that characterizes rich
Internet applications. Silverlight provides a retained mode graphics system similar to
Windows Presentation Foundation, and integrates multimedia, graphics, animations
and interactivity into a single runtime environment. In Silverlight applications, user
interfaces are declared in XAML and programmed using a subset of the .NET
Framework. XAML can be used for marking up the vector graphics and animations.
Textual content created with Silverlight is searchable and indexable by search engines
as it is not compiled, but represented as text (XAML). Silverlight makes it possible to
dynamically load XML content that can be manipulated through a DOM interface, a
technique that is consistent with conventional Ajax techniques. With version 2.0, the
programming logic can be written in any .NET language, including some derivatives
of common dynamic programming languages like Iron Ruby and Iron Python.

We were focused mainly to the mapping of new possibilities about the EKG signal,
next to the new technologies possibilities. As it has been appeared, there are many
platforms, which we could use for the work with the EKG data and as a next step
graphical solution, but we have to know, everyone has their advantages and disadvan-
tages. We have to find the compromise, which can be easily available and we do not
have to pay for it for the price of complete research of the new solution.

We mentioned about possibilities of the Dundas Graphs, Adobe Flash and in the
main case Silverlight, the new platform from the Microsoft Storage, so we realized,
the final solution will be best exactly with that. It is quite new technology, which
come into existence with purpose of vitalize and light up the web, thanks to using
their own rendering and vector graphics representing. Nowadays it is very popular
between developers and even there were some problems with starting explorer com-
patibility, in this time it raised up and it is very good future leader on the field of vec-
tor internet graphic.

In the case of starting problems with the C# programming language it was a prob-
lem for us to find a best choice of cooperation between ASP.NET application and the
Silverligh. First draft of the application program was mainly based on editing the
JavaScript file and including the Silverlight files into the HTML source code. This JS
file is the main file for the setting and programming the Silverlight graph behavior. It is
very good to use it, because we can make our own ASP.NET project with database
binding and the Silverlight is only just included component. The problems come if we
want to trace the program to find some bugs. We could transfer variables between ASP
and SL by the overwriting the JS file, or by the session variables. All of these solutions
are just temporary, because of very slow program run and low application effectivity.

As we realized in the final part of the application, it was quite difficult to find the best
choice for the application, but we would like the solution with the linear cooperation
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Fig. 2. User web application interface screenshot with ECG (in native Czech language)

between Visual Studio 2008 and the Silverlight Toolkit. There are so many possibili-
ties, for example mainly saving the data right from the web-service database to the
silverlight xaml.cs file. Then we have our application much faster and work is more
effective. The reason is, Silverlight graph could read the source data for their graphic
interpretation right from the variables, set by the Silverlight itself. We can also use
very wide spread of components, for example DropDownList, Button, RichTextBox
to the database components like our very good known DataGrid.

Current application interface is shown in figure [Fig. 2]. Left part consist of menu
for patients with a possibilities to manage with personal data, Physicians, diagnosis,
hospitalizations, data, results or payments. Upper part contains a menu for public,
patients or physicians access to application. Middle part provides an access to ECG
data of patient. Selection of several part of signal history is possible by mouse click or
date/time setting. From the graph is possible to select several value of ECG curve and
get a numerical value of these points.



292 O. Krejcar et al.

Fig. 3. Infracamera picture from Cryogenic room

3 Conclusions

The measuring device (ECG, plethysmograph) and Guardian PDA client was tested in
extreme conditions in a cryogen room in Teplice (-136°C), where the final system
will be installed [Fig. 3]. Implementation of the data transmission security was not
solved. The whole system is classified as ,,work in progress* system and it is in a
testing phase where we found mistakes and repaired them.

We think all the web application could be raised on the better level in the future, by
the application of a few improvements. We can include to our graphical user interface
some script, which could be used as the communication element between patients and
doctors, for example for some messages or requests. As the final improvement in the
future, the application would have some special algorithm, which could recognize any
symptoms of the QRS curve, and make the job for the doctors much easier. As next
improvement we would like to apply the better script for the Pan&Zoom function — it
is very easy to control and we could find our place of interest very fast.

Acknowledgment. This work was supported by the Ministry of Education of the
Czech Republic under Project IM0567.

References

1. Reis, P.: Conferencia Telemedicina Onde Estamos e para onde vamos, Ericsson (2006)

2. Krejcar, O., Cernohorsky, J.: Database Prebuffering as a Way to Create a Mobile Control
and Information System with Better Response Time. In: Bubak, M., van Albada, G.D.,
Dongarra, J., Sloot, P.M.A. (eds.) ICCS 2008, Part I. LNCS, vol. 5101, pp. 489—498.
Springer, Heidelberg (2008)



10.

11.

12.

13.

Mobile Monitoring Stations and Web Visualization of Biotelemetric System 293

Krejcar, O.: PDPT Framework - Building Information System with Wireless Connected
Mobile Devices. In: ICINCO 2006, 3rd International Conference on Informatics in Con-
trol, Automation and Robotics, Setubal, Portugal, August 01-05, 2006, pp. 162-167 (2006)
Krejcar, O., Cernohorsky, J.: New Possibilities of Intelligent Crisis Management by Large
Multimedia Artifacts Prebuffering. In: Ulieru, M., Palensky, P., Doursat, R. (eds.) LT.
Revolutions 2008. LNICST, vol. 11, pp. 44-59. Springer, Heidelberg (2008)

Arikan, E., Jenq, J.: Microsoft SQL Server interface for mobile devices. In: Proceedings of
the 4th International Conference on Cybernetics and Information Technologies, Systems
and Applications/5th Int. Conf. on Computing, Communications and Control Technolo-
gies, Orlando, FL, USA, July 12-15 (2007)

Jewett, M., Lasker, S., Swigart, S.: SQL server everywhere: Just another database? Devel-
oper focused from start to finish. DR DOBBS Journal 31(12) (2006)

Janckulik, D., Krejcar, O., Martinovic, J.: Personal Telemetric System — Guardian. In:
Biodevices 2008, Insticc Setubal, Funchal, Portugal, pp. 170-173 (2008)

Krejcar, O.: Benefits of Building Information System with Wireless Connected Mobile
Device - PDPT Framework. In: 1st IEEE International Conference on Portable Information
Devices, PORTABLE 2007, Orlando, Florida, USA, pp. 251-254 (2007)

Krejcar, O., Cernohorsky, J., Janckulik, D.: Portable devices in Architecture of Personal
Biotelemetric Systems. In: 4th WSEAS International Conference on Cellular and Molecu-
lar Biology, Biophysics and Bioengineering, BIO 2008, Puerto De La Cruz, Canary Is-
lands, Spain, December 15-17, 2008, pp. 60-64 (2008)

Krejcar, O., Cernohorsky, J., Czekaj, P.: Secured Access to RT Database in Biotelemetric
System. In: 4th WSEAS Int. Conference on Cellular and Molecular Biology, Biophysics
and Bioengineering, BIO 2008, Puerto De La Cruz, Canary Islands, Spain, December 15-
17, 2008, pp. 70-73 (2008)

Krejcar, O., Cernohorsky, J., Janckulik, D.: Database Architecture for real-time accessing
of Personal Biotelemetric Systems. In: 4th WSEAS Int. Conference on Cellular and
Molecular Biology, Biophysics and Bioengineering, BIO 2008, Puerto De La Cruz, Canary
Islands, Spain, December 15-17, 2008, pp. 85-89 (2008)

Penhaker, M., Cerny, M., Martinak, L., Spisak, J., Valkova, A.: HomeCare - Smart em-
bedded biotelemetry system. In: World Congress on Medical Physics and Biomedical
Engineering, Seoul, South Korea, August 27-September 01, vol. 14, PTS 1-6, pp. 711-714
(2006)

Cerny, M., Penhaker, M.: Biotelemetry. In: 14th Nordic-Baltic Conference an Biomedical
Engineering and Medical Physics, IFMBE Proceedings, Riga, Latvia, June 16-20, vol. 20,
pp. 405408 (2008)



	Mobile Monitoring Stations and Web Visualization of Biotelemetric System - Guardian II
	Introduction
	Developed Parts of Platform
	Mobile Parts
	Server Parts
	Visualization

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




