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Abstract: - The main characteristics and benefits of the ieddicine TM), as a nes concept based on three significant
aspects of hman activities:medicine, electonics and telenmunications are exposed The first Yugoslas telemedical-
telemicroscopy network, built in 1997, is describé and general guidelindsr forming TM network are introduced. Y8an
interactive connection of neote medical centerswhich is the fundaent of the telmedicine the highest-leve medical
services are enable for all participants irrespective of the geographic distance. Moreover, the global financial saving is
obtained, since the traveling of doctors and their patients is unngcassithe occupagoof the specializel healthcare
centes is minimized TM services will be of great importance not ogl for medical centerswhich need not possess
complete highest-leve diagnostt equipment aswell as top-level specialists, but also fonadl clinics and enbulances,
having inmind both highest-levahedical services andwecost devices necesgdor it.
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1 Introduction further expansion for the ‘pure’ telenedicd netwok in
o Yugoslavia.
In the recenyears there rebeen agrowing interest This paper is organized as follows. Section2 the

in the use of new technologies (electronicsyrief history of telemedicine is exposed. Section 3
teleconmunicatiors and canputers) for medical explains in short the main objectives of telmedicine
purposes. Actual technolpgpemits to develp and while in Section4 the first telemicroscopy netwok in
implement a newmedical service calledelemedicine Yugoslava is described. Sue reflections about future

(TM) [1]. Telemedicire may be defined in several wa.  trends in telmedicine in Yugoslavia are natén Sect.
We have found the following definition useful: 5,

“Telemedicine is the interactey audiovisual
(multimedia) communication between healthcare . . .
providers and their patientsr @the healthcae staff 2 Brief HIStOt’y of Telemedicine

using ystems which allow reaglaccess to expert advice  Telemedicine is not a new concept. Healthcare
and patient information, regardless of a geographigrofessional have been using the telephone to cant
distance.” Thus, anain goal of telenedicine has been to their services foryears. B upgrading telephone
eliminate traveling for patients and specialis&taining equipment an electric stethoscope was invented in 1900,
high quality of medical services irrespective of thepemitting telediagnosis over telephenlines By
locations. Also, usig telemedicd capabilities the discovering Xrays in 1895 (W. K. Roentgeh a
hospital need not to have all specialists difter all top-  nondestructie examination of the interior of bodies was
medical services. Countries with rurares (e.g., possible, opening the new area medicine and
Canada Norway, Australia, etc.) have been especiallyiagnosis naed radiology. In 1907 the firstransfe of
active in the field of telenedicine.In Yugoslavia the the still image is obtained in the directid?aris-Lion-
challenge of this attractive field is also in the focus dordq, using telephone lines. Tmaain principle, ahost
several research centers. Thensed of telemedicine, unchanged, known as telephoto is used upytotia
named telemicroscopyelepatholog, has been built in addition research efforts have begun utilizinwre of
Yugoslavia in 1997, connecting thregedicd centers: the teleconmunication repertoirgincluding speechtext,
Belgrade, Nish, and SrekaKamenica.From the very datg picture and video cmmunication. The first
beginning this network is in actvuse performing seriows results in the field of TM are obtained at the end
pemanent contacts a@n  exchangs of of 1950s when independent experients in the field of
information/diagnosis between tlescenters The telepgchyatrics (Dr Cecil Wittson, Universit of
existing network could be used as a core network falebraska USA) and teleradiolog (Dr Albert Jutas,
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Montreal, Canada) were perfoed. After the mid-
1960s, the awmputers becme more and more multi-
purpose powerful engines. Thengauter coudl transport

telemedicine exists, too, due to the geogramtructure
of this county.
The health conmittee in European Unjtstarted the

ard store the data, as well as route and retrieventheprojedc EUROMED, in 1955, dedicated to foiing the

much more quickly and efficienty than peopk could,
and with less chance of losing theln the next twenty
years the global develont and inprovement of
electronc devices, coputers and telecomunication
equipments led to the growth of the teledicine, too.
The first ‘real’ use of telmedicine date badk to
1969 in the USA, when Xay images were trangtted
across telephone lines. This concept was baseithe
interactive transfer of the video sigadlATV). In the
mid-1970 in the USA 17 differentATV systems were
in use However only the ystam built in the Menorial

globd telemedicd information socigt. In this project 20
fundamental elenents necessgrfor obtainirg efficient
functionaliy of the gsten were defined Note that
within EUROMED Project two basic amponents are
being developed in Yugoslavia the Distributed
Information Systemand theSystem for Manipulation
and Processing of 3D Medical Modsl[6],[7].
Independenyl of thee activities the sement of TM,
named telemicroscopy-telepathologhas been built in
Yugoslavia in 1997, connecting thregedicd centers:
Belgrade, Nish, and Smeska Kamenica. The existing

University of Newfoundland is in use even todaynetwork could be used as a core nelwfor further

because this ysten is basd on the moden TM
principles: snplex video, duplex audiand interactive

acces using shared whiteboardn the last decade the

expansion- for the ‘puré telemedicine netwok in
Yugoslavia.

main researchers’ efforts were concentrated to t@ The Main Objectives of Telenedicine

remote consultations using differemideoconferencing
techniques and data mopression Besides technical-
technological probkes in the TM realization different
administrativeethicd problens arise, too as: secuit
privacy, and dat protection. Note that swe of these
problans could be ol of the locé& importance For
instance, in the USA different counsibave different
regulatives detemining the privatemedical practice, so,
the medical doctormust registrate his practice iall
countries connected to the TM network.

The European tefeedicine pioneer are the
Norwegians.In 1988, Norwegia Telecan Research
startel a project on telmedicine in North Norwsa [2]-
[4]. This area was chosen paryl because this region is
characterizé by sparseg} populated conmunities spread
ove vag distances and there is a lack of qualified
personnel in certain sectors of the healervice The

Modem medicine is strongl related to technolgg
electronic ard computers. Different sensors et us
to acquire different data fro the human body, and
convert then to electrich signals Using computers
different signal processing are availalffmally, we can
store signals in differentmemorizing media and/or
visualizz signals over different dispfa. In addition,
teleconmunications hardware and software eeals to
trangnit data over distance, connecting amigr of
medicd centers. Different signals are obtained using
medical sensorsirom the technical point foview we
can classify these signals as owkémensional (1D)
signals, twedimensional (2D) ath multidimensional As
1D signals we consider differemmonitoring signals
(ECG, EEG, blood pressyrebody temperature,
inspiring and expiring tines in pumlonal ventilation,

main purpose of this project was to connect the hospitaégc.)’ 2D signals are those corresponding to diffestih

from the far north of the counyr that were not equipped
with  appropriate medical deparhents to the
deparinents of other hospitals druniversiy clinics, in
order to implement EXTEMPORE diagnostis services
using a varigt of networks, ranging frm ordinary
telephone network to specialized networks IS8ON
(Integrated ServiceDigital Networ}, broadbandSDN
(B-ISDN), ard satellite connections enabling
adequat data transfer rate of audio/video signal

the,

images obtained fro 2D sens@ in microscopy,
ophthaimology, radiolog, cardioloy, etc Three-
dimension& (3D) visualization of human organs can be
obtained fron MRI or CT sliced inages using VRML
(Virtual Reality Modeling Language). This standard is
in hard expansio and today it is applicable not owglto
the (expensiv workstatiors but also to the widespread
personal coputers. Also, using a sequence of still

Simages we can produce a videmoging) signal

Today, their telediagnostic network consists of thre%escribing the reeime work of aly human organ under
telemicroscopic diagnostics centers connected with fiveysigeration.

hospitals fron the north of tb county — uses of
telediagnost services.In their publications in the last
two years thg expressed vgrpositive opiniors about

the quality and reliabiliyy of such a diagnostic approach

With recent caputer technolog progress, in lasfive
years, the siilar telemedicine centexin Europe have
been foundedmost of then in Gemary, Italy [5], and
Switzerland while in Greece, the great interest in th

Although telemedicine concep is very simple: we
acquire medical data fron appropriate déces and
transfer then to other centers, its rezdition s very

difficult due tovery hard technical requingents. The

general requimments for a diital imagery
ervironment in medicine were detatined throwgh

eexper'ments Note that existig technolgy has a

gred influence on the djtal image formatting. For
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instance, the dispjaworkstatiors generalyy provide clinics, while the units denateas RC correspod to
contras (gray-scale) resolution of 12 bits (4096regiond centersi.e. the referencenedical clinics as
levels), while conputer storge capabiliy is 16 @ 32- university clinics. The connection between units
bit quantities. The Xay film has excellen resolution could be stadike (solid lines) and/or loelike
(fine grain) and wide contrast ratio. Howar, (dashed).

although the actua plane fim scanners reach dfi- Using camputers different postprocesgirsteps
spatialcontrast resolution (4.096 x 5.120 pixel® pemit usto enhance ravmedical data obtained from
bits per pixel), the Xay film (as the primary image acquisited 1nages, extract qects & interest,
sourcé may be under or overexposed andhust be recanize and describe particular asaa the tissue.
reshooted spendig time and money. The dgital High-level processig, including the expert ystam,
image can be obtained diregtlfrom the X-ray unit, data base and the decision unitdi¢athe autanatic
without film, by using a laser scan of a reusablgrimary diagnosis. Besides ditized images and other
phosphor plate contained in a stambeassetteThis medicd datg the telenedical gstem would also
sott of image acquisition isknown as a cmputer handle patient trding and billing and equipment
radiograply (CR). The resolution of 2 K x 2.5 K x 12 scheduliig in a hospitawide netwok.

bits is aailable and the fulscreen (35 x & cm)

scannilg is made ly less than aminute. With CR main server

: data link
wrong exposures and dels, due to the film NH1 [ NH] @—jt‘:”
developing, are eliminated. o8]

Within the last tea years various image
processig, transnission, and arching systans have
been deeloped formedical applications. Thehave
been focused in the areas of Radyloand
DB

[

AU

m central library

Patholay, yet they are now findilg their wa into
such areas as Cardiglg Neurolgy, Orthopedics,
and Sugery. The introduction of aoputed SAU

tomograpty (CT) and other djtal diagnostic
ima.ging teChniqueS in the 197.0,.3 ha_s resulted in a WS - workstation NH - network hub DB - data base
variey of data fomats fa dlgltal Images and SAU - sensor/acquisition unit TR - transmitter/receiver

associated infonation. In addition to mMage NH1 - computed bmography NH6 - Pathology

acquisition deices there are dital deviceswhich act NH2 - Nucleamedicine NH7 - Surgery

as image sinks, includirg display stations, laser film NH3 - Computer radiology NH8 - MR imaging
writers and printers, as well as different sggra NH4 - Angiography NH9- Corference room
media asmagnetic tapesmagnetic disks, and optical NHS5 - Ultrasound etc.

disk systems. As hospital deparient have acquired Figure 1. A possble configuration for a PACS.

an increasig number of doital devices the need for a
standard famat for exchaging digital information

has quikly emerged. By the 1980’s the concepf a
very large, camplex netwok of imaging devices,
archval storgge gstans, and 1mage viewing
workstations all connectedyta hgh-speed locharea
netwok (LAN) is established [8]. A possible
configuration for this g/stam, known as a PACS
(PictureArchiving and Ceonmunications $stam) is °
depicted in Ag. 1 [9]. The lage volume of image data

is one of the fundaentd characteristis separating °
PACS fran more caonmon locd area netwoks
LANSs). In a wpical medium sized hospital (300
beds), thevolume of image datagenerated is about 3
Gigahytes per da (20 GB per wele) [10].

The PACS confjuration as in K. 1 could be used
as a buildig block for the TM netwadk. In Fig. 2 a
possibe TM netwok configuration is depicted. The
units denotel as US are ‘users’, i.e. tannal PACS
units located inmedical deparhents hospitals or
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Figure 2. A possible telmedicine nawork configuration.

The dugital viewing stationmust displg images of
high qualiyy, several at the tne, and be able to
charge them rapidly (note that radiolgists becane
impatiert if the image writing time exceeds 2
seconds!), as well as pide smple image
processig. There is no greanent a;n which quality
of digital imagery is necessgr Recen studies show
that the resolution required dependsn dhe
examination type and the speciatidoing the readirg.
Through a lage number of studies writtein the last
few years, researchers tried tgr@e on tle minimum
quality standard of @jitized images.In sane of them
it can be found that standard TV PAL resolat{@80
x 585 pixels) can be used display the usable
diagnostic digitized image. However, in other
publications it is claned that the resolutioof 1024 x
768 pixels is the absoluteminimum and hgher
resolutions are recamended (160& 1200 pixels, or

large hospita generats about 3 Ggabytes of picture
dat per day. For storing these data, alost 5 optical
compact diks (CDs) per dg haing about 650
Mbytes capacit each, are necesgatoring the five-
year hospital's archied picturedata woudl requir a
stadk of 8500 CDs, all of 8neters tall. Spthe image
compression is necesgsar Actual technolgy uses
JPEG (oint Photographic Expert Groyp
compression (up to 20:1 awpression) and/or
enhancedlPEG (up to 100:1 aopression for still
image campression, pemitting thus a considerable
reduction of the necessar disk space For
videosequences the rmpression is made using
MPEG (Moving Picture Expdr Group standards
(MPEG-1, -2 and-4) and/orlSO H.261 ad H.263
standards thragh ISDN.

Recenty, a serious ivestigation wasmade [16]
for detemining the minimal quality of digital images
necessar for accurate dignosis in patholgy. The
tean of pathol@ists has angkeda series of digiti zed

more). The sme disgreement can be found about thejmages of microscopic tissue saples. In the

pixel deph (the minimal number of bits per pixel, in
othea words, the nmber of contrast lels and/or the
number of colours used to dispha the dignostic
usabe digitized mage). While onegroup clams that
8-bit palette (abiliy to display 256 gray-scale leels

experiment the image resolution, the pixel depth and
the JPEG canpression ratio were chged and the
specialists were &ed to make a diagnosis It was
shown tha the image resolution of 768x576 pixels
with 8-bit colour palette (256 colours) and tBleEG

or 256 different colours) is sufficient, the others,compressim up to 10:1 are aminimal quality

mostly from the countries with deloped
communicatian resourcesbelieve that ony by use of
24-bit palette (abily to disply 16.7 million of
colourg the correct telmedical dignosis can be
obtained. In a very carefuly createl study by
Departnent of Bianedical Emjineerirg of Medical
Faculy of University of Chapel Hill, North Carolina,
USA [11] it was cleared thahost of dignosticians
make no difference between 8 bit @6olours) and
24 bit (16.7million colours) mage. A very useful
technicé way for reducirg the number of bits is the
diffusion ditherirg method allowiry us to us 8 bit-
palete but producirg the sane visual effect as 2bit
palette. Smilar procedure, nmaed halftoning [12],
could be applied in displang and/or printing
monochrane images (8 bits per pixel or 256\els)
but usig only 2 levels (1 bit per pixel). Seeral
methods are gigestedmaking the halftone rnage be
similar to the continuous tonednages, due d@ the
low-pass characteristic of the rhen eye. [13].
Multilevel halftonirg [14],[15] produces ahost the
sane visual effect as the gjinal image but usig 3
bits per pixel (aght levels).

An additional proble in telanedicire is a data
storae. Assuning standard mage qualiy: 1024 x
768 pixels permage and8 bits per pixel, and having
in view thevolume of diital data, ordinar generated
in a typical hospital, arcling requireanents becme
very pessmistic. Namely, for every thousad beds a

pemitting accurag diagnose of 94%. Note that fault
diagnosis was obtained not gnbver the dgitized

sanples but also usm an original microscopic
sanples, due to the specific cintistances.

3 Telamicroscopy Netvork in
Yugoslavia

In 1995 at thenstitute & Patholgy and Forensic
Medicine of the Militay Medical Acadelyy (MMA)

in Belgrade we created a giial microscope
workstation [17] for deeloping a bark of digitized

images to be used for dgnostic and educational
purposesThe initial results and experiences obtained
encourge us to create a gext to stugt, develop and
test an intgrated ervironmert for telepatholgy

sewices ly using affordable and widgl available
telecanmunication and infanation technolgies.
The applications of interest were: mete
consultation acces to a distributedmorphametry
laboratoy, quality assessent of gtology and
histology laboratories and tools form®te interaction
with a distributedmultimedia archie for trainirg,

continuous education and reference.

We have been expementing with a particular
model of a lowcost telepatholgy netwok using the
IntranetWeb as a canmon ground for exchage of
hypemedia histog/tologic data. We hee set up a
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telepatholgy systan consistirg of a PC Pention 200
connected tolntranet ly an 33.6 Kbpsmodeam,

containirg a MiroDC30videoblaste boad connected
to the canposite output of a Philips o®ra fixed
within an Oympus opticaimicroscope We have been
using the Adobe Photoshop fdmage acquisition,
which prosides tools for mage renderig and
filtering. We carried out telepathajg session by

Intranet usig the data accessyBHTML request and

report foms and interactie with NSCConference and

shared whiteboardln this wg it was possibé to
creat a web of interconnected pathgists usimg the
Intranet for agnchronous or interaste exchage of
data.

Telemicroscoy Center (TMC) was founded at

MMA in Belgrade as the fundeent d the
telemedical netwdk of the Yugoslar Army. The main
god is the connection of the Igest possible maber
of diagnosttc centers to a uniqueystem intended to
deliver the pnnary diagnostic and consultmmsewrices

as well as the support of educational and research
processes in pathag, forensicmedicine and other

areas of interest where thaicroscope is thamain

diagnostic tool. The ystem is based on client/segr

architecture principles, and consisfstlze diagnostic
stations connected to a ser throgh LAN/WAN

netwok. The heart of the netwlolis communication
sewver which runs SQ (Structurel Query Language)

database seer and WEB seer with database
connectvity. WAN  diagnostic  wokstations
connected to the sar throuwgh telephom lines,

enablirg the data transfer rate of 33.Kb/s which
appears to be fast and reliale@nowgh to secue the

accurate dignosis.

In 1997 we hee desjned the first telepatholgy
netwok in Yugoslavia usirg digital microscope
workstatiors as a basic buildipblocks. This network
is a hierarchicajl organized telepatholgy systam, as
in Fig. 2, connectig small hospitals witha single
patholajist to regional centers and connedjirthese
regional centers to the TMniBelgrade Hitherto,
except in the MMA in Bajrade, two rgional centers
were built, too: in the Militar Hospital h Nish
(linking also thelnstitute of Patholgy of the Medical
Faculy of Nish), 250km on the SoutfEast ard in
the Institute of Oncolgy in Sramska Kamenica (near
Novi Sad), 80km on the NorthWed from Belgrade,

An example of a telenedical session perfored
via the existing telepatholgy netwok would lodk as
follows. After beirg connecteda TMC sewer, the
user is accessed to thenm page d the Departent
of Patholgy and Forensic Medicine in MMAwvhere
he can find brief infanation abou this deparment
and its personal structure gré.

Sremska Kame nica

(Novi Sad)
Existing
[Belgrade J«

locations

Prishtina
Podgorica

Figure 3. Existing and (possible) future telepathology
locations in Yugoslavia.
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Figure 4. Home page of th& MC in MMA .

as depictal in Fig. 3. Possible future connections,

located in other umersily centers are indicated too
[18],[19].

Note that the existig netwok is built as a star-
like confguration, but loop (or mixed) confguration
is possible, too.

By pressimg the bullet button of TMC the useajets
the TMC pae, where ig a similar action he can run
the request for telmicroscopic medical sevice.
Before appruing the access to the reqtiésrm, the
systam requires the user identification thgbu his
usernae and password, i 5. At the user sitwo
forms are mailable: the request forand the form for
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previewing of the answer. At the provider side thergata transfer for educational purposes in first 12
are also two forms: the form for a preview of requestaonths more than 100 expert consultations/diagnosis
and the answer form, as indicated in Fig. 6. were derived in the field of telepathology, cytology
After performing the connection between two (oand histology, as well as in dermatology. The
more) users an interactive consultation is possibtikagnostic accuracy was very high, 88.9%.
using shared whiteboard and videoconferencing Note that the same network and the basic
capabilities. If there are any doubts regarding theardware could be used for the transfer of images
image contents and its quality at the user’s side, bbtained from other sensors, as MRI, CT, echo, etc.
can announce himself by the telephone or usidgs an illustrative example in Fig. 7 the radiology
sound blaster in order to make on line consultatiamage transferred from Nish to Belgrade through the
through internet conference session enabling mutwatisting network is depicted. The digitized image was
analysis of images in Dbidirectional audioobtained after scanning the ‘classic’ X-ray film.

communication. An existing transfer throughmem——— =
telephone lines is not so fast (about 10-20 minutes| & =~ & = = & =& & ¢ =
necessary for transmitting 10 diagnostic 8-bit gray—~—+

scale images, or one full-colour (24-bit) microscop:
image) but the complete telediagnosis is availab|
after 1-4 hours [20]. In that way, several doze|
diagnostic consultations between remote diagnost S

centers can be realized in a single day. Also, ti
existing system is transparent to othe| '
telecommunications networks  and service
(LAN/WAN, FDDI, satellite links, etc.) permitting ;

higher bitrates including interactive real-time video. |

T R 11

e T -- Figure 7. The transfer of digitized radiology image
Centar an relemibrodapsbi dijagnastibi through existing telepathology network.

It is usual to improve telemedical system by
= adding different data processing hardware and
anery software units. The basic image enhancement
o software (for noise removal, image sharpening,
contrast and histogram modification, etc.) is usually
implemented in the sensor/acquisition equipment.
More sophisticated processing procedures as: image
segmentation, extraction and classification of objects

+a R «—w.o of interest, determination of different morphometric
Figure 5. User identification and authorization parameters, etc., are very attractive features. By
confirmation. adding data base, expert systems and artificial

intelligence an automation in primary diagnosis is
available [21],[22]. The computer is capable to

it it It i analyze and classify a series of images and select
only those samples belonging to the desired class.
e This procedure could be performed out of the

working time in the medical center, for instance, by

night. The medical doctor, the specialist, then will

check only selected items, forming the final diagnosis

i directly or by consulting colleagues. In this way the

medical doctor is engaged only to diagnosis, not to

i «  routine examination of many noninteresting samples.

Figure 6. The request/answer form for telepathology It is known that the concentration and visual
session through existing network. perception drastically decay after few hours.

At the very beginning, since November 1997, the Although general purpose image processing tools,

mainly between MMA and hospitals in Nish. ExcepProcessing capabilities, in many cases specific
procedures are necessary. For instance, from a
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microscopic (and othemedical) image it is often
necessar to extract ont objects d interest classify
them, describe their shapand/a tissue syntheske
3D obect fran sliced prgections, etc. Fo this
purpose themage anayzer pragram named CAMIA
(ComputerAided Medicallmage Analyzer) is being
developed at the Facwyltof Electrical Egineerirg,
University of Belgrade [23].

4 Future Trends in Telamedicine in
Yugoslavia

The existing telepatholgy netwok could be used
as a core netwhrfor further expansion for the
‘pure’ telemedical netwadk in Yugoslavia.

The strorg correlation between the
capabilities (teleammunications, electroni¢s and
computer3 and the possibilt of forming an efficient
telemedical services is evident. Certginthe developed
countries and countries havingPACS have the great
advantage in this fieldn this cae TM services could be
assumed as a specific extension of tRACS Ly using
remote workstations. However,PACS should not
operate as isolated islands buatist support cmmon
standards for aopression, archiving @hdisplaying of
images as DICOM. Also, it is necessgrto stress that
only lossless cmpression techniquesnay be used,
pemitting perfect mage reconstruction. On the
contray, possible artifacts could produce false (an
even fatal) diagnosis. Actual TM cont¢épbasel on the
clientserver architecture: themage data base i
archived on the server while the cliemtorkstations
communicate with this basthrough telecanmunication
network. The server workstatisn are powerful
multimedial canputers having highesolution display
(17" or 21", 1024x768 pixels) The communication
network should be 100 Mbpsast Ethernebr ATM.

S

but the price is avery limiting factor. Recall that the
very accurate dignosis (94%) in patholyy (asvery
sensitve field ofmedicine) is obtaingusing low-cost
low-level devices: Pentim machine, telephone lines
with 33.6 kbps, medium image qualiy (768x576
pixels, 8bit colour palette), and ocgpressed mage
(JPEG with 10:1 copression ratio) [16]ln addition,
different useifriendly computer routines ah tools,
dedicated to PCs (Windows based),e avery
widespread. So, we can dedaha for the small
countries this way could be agood solution in
developing telemedical netwok.

For the TM foundation the first step could be
forming the LAN netwok in themedical deparhent.

technicalBy pemanent (geryday) use of coputers in

research diagnostic, statistic, educat, esen for
administrative purposes, themedical staff will
educate thmseles for usig computers, accepting
new technolgies and thei advantayes The second
step, which could be perfmed simultaneoust, will
include the use of the equipent for dpitalization of
images. Themodern acquisitiomdiagnostic deices
produce djitized sgnals. How&er, esen the existing
(mostly anala) equipment could be extended and
updated i addirg AD cards frame grabbers video
cards and other interface Jiees for obtaining
%igiti zed sgnals. The rgional medical centers should
e the initial units introductn new technolgy,
connectirg different deparhents. The possible
configuration is depicted in Bi 1. Naturally, intra-
hospitd netwok could connect not opldepannents
producing and processin medical mages but all
hospital deparnhents as monitoring devices in
emergeng/ units, the adhinistrative units, etc.

The nex step in the TM deelopment should

Although the developed countries have the gredficlude the connection of two r(amore) medical

advantages in all technologicahallenges including
telemedicine, it will be vey mistaken to comprise that
only those countries can devpldelemedicine The

centers in thB netwok using telecanmunications
capabilities. The data transfer could be tigtou
simple telephone lines ofSDN, but also, thragh

invesmens into TM are great but the savings andopticd cables, radioand satellite liks. Themodern

benefis overcane invesments. If the ‘small-steps’

telecanmunications offewery rich repertoire.

stratey is introduced as in the described telepathology

network in Yugoslavia, then themall countries can
develop and introduce tefedicine, too.

Two main questions arise in teedicine
foundation: the qualjt and the price. Tdr modern
market offers excellent equipents. Note sme of
them. The powerful wdkstations heing impressve
perfomances exist (Sun, Silicon
pemitting excellent gijnal processig. An acquisition
equipment is capable to obtaindti-resolution hgh-
quality images (&x5k pixels, 24bits per pixel), while
modern netwdts and protocols pmiit high bit rates.
But, for a potential user the practical question is: is
necessar to hae the highestlevel equipment?
Certainy, better equiment will yield better results,

Graphics)

5 Conclusion

This paper introduces the concept of tedslicine
emphaszing the telenicroscoy (telepatholgy)
netwok realzed in Ywoslavia. The possibé way of
realzing TM in the snall countries, which can be
tharactered as ‘step-by-step’ realzation, is exposed.
Namely, by low initial invesiments, usig (almost)
standad equipment, very useful TM netwok can be
realized. The reatation offered $ basel on the low-
cost Pentim machine and aomunications wer
félephore lines. Howeer, this reaklation is scalable,
expandable, and transparent to othenmmonications
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resources, permitting thus easy upgrading. TH#&5] P. Bakiee, N. Vujoviee, D. Brzakoviee, P. Kostige, B.
offered realization could be interesting not only to  Reljin, “CNN paradigm based multilevel halftoning of
medical centers and hospitals but also to small digital images, IEEE Trans. Circuits Syst.-Il, Vol. 44,
clinics, remote ambulances, emergency and terrain.. 'VO- 1. PP- 50-53, Jan. 1997. " .
services. In addition, the savings and benefi %6] I. Milosavljevic, Determining of minimal quality of

: : . : digital i f i i I f
(highest-level medical services in the whole country) tellgelriicrolgigsspurgose(?r:cgfﬁo?g;i I\/TaSn(:p'(l?Eesisor

will overcome initial investments. Military Medical Academy, Belgrade (Yugoslavia),
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