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The derelapment of the Inforrnatio Socieg resubs i an ever irrcreasirNg dcmand for
anthonnentql i tforrrution acchange, To the best of the author's knowled.ge, there aft nor rrrsn!

dudies concert ing entborvnentdl inforhation ,tetworkr. The d4ta collected ln this xraf k.g, ERIM
c the ststems orened b! Natianal Parkl dA t ot respond fuvy to the users needs. Fol these reasons,

aathor has undzrtdken to put forttard a model of counlry-wide Geographical Information System
in Poland The sJstem /"stt prored the possibib of it rprorirrg the en|itontnental objects

lepresentatian occurac!. It indicated the special i4fornatian role played b! the itnage data,

Introduction. The development of the lnformation Societv rcsults in increasins demand for all kinds of
ion- Taking it into account Euopean Commission gave out the eEuope 2002 Action Plar and its

in the year 2005. It aims !o develop modem public services and a d),namic environment for e-

hiness fircugh widespread availability of broadband access at competitive prices and a s€cure infoqnation

bastrudure (Annoni, Smits, 2003). lncrease of the need for information conceming tlle environment and

;firrc protection tenitories, becomes more and morc apparcnt @oes, 2003), because of their characteristics:

froctional connection as a elements of spatial environmental structures; the necessity of the global environment

Diitoring caused by global biospherc chalges; increasing need for global rcsearch and decision making; the

Eersity of efficient public envircnmental education. Mentioned above ttends in the Information Society

cyolution and frequently expressed opinions by the members of the research, toudst and others communities,

..!.$ed undefiaking research conceming the matter of discussion (Adamczyk, 2004).

R€s€arch me&ods. The prepamtion stage preceding the main research was identificarion of the users

Eds. The poll was caried out during the years 2002-2m3. The rnain groups of potentiat users taken into

Dount during the study were the people interested in following disciplinesr the environment and nature

Fotection research; the monitoring of the environment; education; tourism; broad range of information

collc€ming the slate of the biosphere (all the people's need for information): Escue and life saving se ices;

lard and Foteated arcas administration; enterprise adrninistration and marketingi other needs.

The next research step was geoinfomation market study, with taking into considention tle users

oeeds and the structure and information contents of the wide range of the existing geoinfo(mation systems.

The primary objects of the rese.?rrch were the Euopean - and country-wide systems, including: BRIM
(Biosphere Rese es Integrated Monitoring Programme) and INSPIRE - ESDI (Europ€an Spatial Data

Infrastructuie) and many polish information sysiems. The results of analysis can be summarized as

follows: None of analyzed systems could be integrally utilized as a system fulfilling the environmental

information users needs. In spite of all thcle are some elements of the GIS in Nalional Parks that could be

used in a discussed aspect. There are some characteristics of the systems that cause this situation: not quite
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luli resporse ro tho users nceds. in pa(icular upon thc subject of describin8 $e eDvironmental space; It
EJcneral thosc systcms ale dcdicated to the admirrisfation necds; thcre is too high generalization level oI thc

systcms contenli they are encompassing only very lhin fragmont of the tnvrtonmcnlal spacc by means ol
spatial ancl lhcnratic aspect:j - rhc syslems w€te built orly within thc borders ol properiied instrtutron,

inoluding only numerical data or onc fcature ol thc landscape (c g hnd cover), evc tually only base map

inlbrmation; thc sysrens ilre dcscrib;lg cnviroDment by using administralive spatial units (even in thc

National Pafks); thcfc is a litck of digil.rl spalial represcn|Jtion of the data; some initirtives oiierirg only

metadrta. without thc possibilily 1() intcructi!e access lo Lhc spatial information: sornc \y\lcm\ bc(amr

unfinished or the initiativcs don't hirve continration or actualization of lhe database

As :l rcsull it was eslablished thal the(e is a need to delve into the research concerning the methods

oi devcloping CIS systcnrs dedicated to thc reprcsentation of thc struclule and lclationships among lhe

landscape clcments. Addilional nlotivalion for such research topic was detcrmined by insignificanl number

of publicalions concerning this subject. The main hypothesis of lhe research w.'re: therc is the possibilily ol'

improving the environmcnlal objects reprcsentalion adequacy by the internel alailable Ceographical

lnibrmation Syslcm. using the special methodological approach: such theoretic'tl method can be

implencnted in a rcnl existi'lg system describing the protecled areas iD the Poland (and possibly in fie
orher counties). The main rcscatch objecl was the UNIISCO Biospherc Reserves Network. ln particular

the 0 ansboundaly arca of rhc Polcski and Shatskyi BR was complied. 'Ihe Biosphere Reserves special role

in development ol geographical information systems between thc plotccted areas of the World come liom

some imponanl reasons: convcrgcnce of the main objeclives and functions of ihc MaB UNESCO

programme (BRIM, 2001) and thc m(io Deeds of lhe lnformation Sociely conceming the klowledge about

lhe protected afeas; establishing thc Biosphere Rescrves only for the most valuabie and rcprlsentative

ecosyslems of the Worlll, with connectior into a worldwide nctwork ensuring lullest possible

biogcogrnphical covcrt lhe propcr. from ecoloSical poilll ol vicw. spatial organizalion of arc.ts; having a

major role as long term eoological research irnd monitoring stations, during the coDserving samplcs of (he

world's flora and fauna for the benefit of prcsenl and IuIutu generalions; a big number of the biospherc

rcserves - 459 areas in 97 countries (30 1 I 2004). and Soinelto incrcase
'l'hc reseirrch prooerded lhrcugh the two iterative procrsscs of discussing the new method of improving

rhc covironmcntal objects represcntarion adcquacy aDd creating the proposition of lechDical solutions, fuililling

in lhc practice needs of the developed merhod. As a lesull of the research ccographical lnlbrmation system

dediclted to the rtprcsentation of the environmenhl objects tbr thc Polish Nclwofk ol lliosphorc Res€rves

UNESCO and othcr protected arcrs was crcrled. fhe system was dosiEned to allow the co_ol)cration with tle

other inlbtmation systems on the nrtion^l (c.g. lntegratcd system of Environmcntal Monilorirrg in Poland) and

rntem ional lcvels.

Thc conc€pt ofthc BR GIS structure. l hc ofigin ot lhe key mclhod, determining the slrtlclule of

lhc discusscd system, is thc identilicr{lon of spatfu temporal and functional characteristics ofthe

landscape. Comparing this wrth the mcthod ofdestribing and rep.esenling thc reality with the computer

memory. the author devcloped thc rules fulfillimg menlioned abovc objectivcs of the syslem and complied

it during systems building proccss (choice l-rom the whole texl):

Adopting of thftrc dimensions of data completeness: thcmatical - cxhausling thc main runge of the

funclional componcnts existing in tbe l^ndscapei scale ensuring the full range ofrepresentalion scales. to vicw

the landscape on differcDt levcls ofthe environmenl organiation; spatial thc spalial fangc of the inlbrmation,

neccssarJ for ihc tull analysis ofthe rclationships occurring between the ecosyslems

Distinguishing between the enlironmental space data (describing the processcs oscurlng among thc

ecoslstems) and topographical data.

InlroduciDg the new conccpt ol enlironmental rcterel)ce data - a minimal mnge of data, that could be

used to mrke fLlll chirftcterization oflhc lrndscap! and the ir components.
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The object oriented approach to elements of lhe environmentaL spacc related to tle integral pans of tle
hndscape analyses in diffcreft dinensions and hierarchical levels.

The ecessity of delivering data on the pafiicular level also for objects too small for carlographic

epresentatior.
The $andrrdization of thc nomcnclaturc describing lhe envircnmental space.

The visualization under the rcquisition of different methods, adequate to the chamckr of represcnted

objects and processes, especially using a wide range of image data and 3D effect - for giving the possibly reai

iDsight inlo the topographical situation.

Using time series data as a standard - data gatherlng prccess pltumed with comply to comparability of

nethods.
DemaDd for the high lcvel of quality of CIS data. .

MakiDg possible to use a wide range of GIS analyses, that ale accessible with the lnrcmci interface

The modular structure of lhe system - refering the functional heterogeneity and differcnl ways of data

handling and distuibution.

The necessity of protecting some kinds of data about $e nalurc objects and phenomenon's

The presented above list determines the real construction of the BR GlS, tkougiout i{s objectives, that

were divided into a lwo parts: ordinary and specific environmeotal data objectives - complyiog the peculiadty

of the system dedicated to the environmental data mcaning.

The main functionality of the system ts a

result of two conditions: specific smlcture of lhe

environmental data and the system users needs.

The whole structure of the system (Fig- 1) is

di\ided inLo tuo r1an\: integralron: prffec\ing

and distribution modules. The system

architecturc is based on integration of the

databa\e and tunctionality of CTS. The main

tunctionality of the system is realized by the GIs
sener - processing data delivered by iltegration

module and distribution of prccessing resulls.

Processing and Distribution Module practically

handles data and distributes it to thc users by

thrce lvays: Intemet access - with thc persoDal

computers and standard software (web brcwsers); wireless access - allowing to obtain the geogmphical

inforrnation outdoors with the PocketPc-s, telephones and othcr handhelds, using the slandard Web interface

andLBS (ltcation Bared szrvicer); dircctly by the file access system - obtaining data as all ki ds of filcs.

Respecting the main lopic of this anicle there is especially intercstiDg method of the irtegration and

handling of the environmental data. The system integrates data provided by a exlernal databases, they, in thc

future, will serve as clearinghouse systems. The method of storisg and handling information can be sumnarizcd

as adopting the source data stucture to the special data handling in lhe systen. The infbrmation stored in the

system js divided to the: reference - and other dala. The €ference dala is the basis of the structure of the system

and their integration into the main schemas of: the scalg levels and lhe information contenl struclurc. The scale

levels of visualization were divided respectiDg to lhe rules of landscape ccology fol reprcscntation of sequential

approximaiions of the ecosystems oryatization into 5 levels: intemational, natioDal' local, panicular and non

cartographic (the objccls too snull for cartognphic rcprcsertation). fie classification is based on the standards

established by the National SDI (Bielecka, 2000) The Entity Relationship Diagram was designed based on the

following groups of the inlegratcd refercnce data: landscape components; nalure protection; lourism and

recreaiion; typological classificalions; scientific research; thematic maps; inage data (satellite and airbome

images, 3D visualiz-ations); topographical maps; databases.
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The intemet portal pFvides some tools for data handling and visualization. The most important of them
are tools allowing pauilel visualiziDg of raster and vector data (examples): fast visMli,ation of a relatively good
quality raster data through the efficient compression algorithm (ECW); making any combination frcm ihematic
layers allowed by using the l-ayer Manager; attaching the users-layers to the visualization - making a
pe$tonalized maps and analyses; personalized themalic profiles - saving results of layer choice; crcating of
usen symbols for veclor' dlta and change display mode of raster data - the key feature, which allows pamllel
visualizing two kinds of data to make more visible some objects and pheDomenon's; the GIS Analysis Tool -
nowadays there is the possibility to make some opemtioDs using vector and attdbute data; the raster data
analyses seems to make too big load for the servers and takes too much bandwidth (but progress in this ficld is
very fast); the Presentation Creator - allowing to make a printed or WWW pr€sentations from geographical data
with addition of any elements e.g. texts, photos, chans.

Testing the system. Testing of the system was performed with a special focus on: The method of
infofmaiion content organization - from the point of view of fulfilling their role in imp(oving the
rcpresentation of environmental data in: integration process; realization of the main tasks; methods of
acccss limitation. Paactical implementation of the general concept of the BR GIS. The main subject of tests
was the possibility of tull integration of all kinds of data. From the typological point of view the system
uses groups of spatial data: vcctor, image and other visualization types. The vector data must be integrated
into the system using the scheme based on the thematic classificatjor and quality evaluation- The
integratjon of the airborne and remote sensing (image) data was a morc effective than the vector and
attributc data. Necessary operalions werc possible to automate e.g. radiometric correction, transformation
to the desimble refelence system, Intcgration of the image data was free from the ploblems relaied to the
transformations of the vector and attribule data - differences aIrd errors in: schema types, symbols and
nomenclature- Procedure was much more efficient when the geometic transfomations were done. In
account of this prcblems some vector and attibute data were distlibuted in a source format with detailed
information respecting data quality.

Testing realizadon of the rnain tasks reiated to improving the adequacy of envirormental objecls
representation, was performed using following applications of the system:

L The practical applicatiors - the need of obtaining the data indoor and outdoor for different kinds
ofreal users needs, as e.g. tourism, rcsearch activities, lorestry.

2. The consideing ihe environmental space from the point of view of landscape componcnts and
relationships among them.

3. The possibility of following the phenomenon's in a hierarchical schema (of visualization scales)
complying the different levels ofthe ecosystems organization.

4. Analyzing the data in a spatio-temporal aspect.

5. Visualizations in a 3D model - for obtaining a ciosest possible insight inro a topographical
sltua on,

6. Providing analyses oFdifferent kinds of d3ta: statistical and about stflrctufe ofthe landscape.
7. ObtainiDg the vjsualization of a objects and phenomenon's on a very particular, non canogmphic

scale level.
The results of testing process are positive. It affirmed high level of tealization abovc mentioned needs.

Thematic schema of the system was evaluated by the users: as poper, giving a large number of possibiiities and
easy to use. The main thematic information come f(om the vector data, but it is ngcessary to complete the
contcnts of the maps with a kind of background data: a layers of topographical maps - often insufficient spatial
range and simplification of the infonnation about tlrc real appeannce of the tenain; a image data - some image
maps' were created. The users affirmed that thc p(actical applications of the image maps arc giving a much
richer information as the topographical maps. The reason is the possibility of obtaining additional information

' The term image map js uscd in the meaning of the salellite or airborne image with additional ve.tor layers,
gi\ring togelher the maplike visualizalior.
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$out chancteristics of the objecls, only symbolically represented with the traditional rnaps. The additional

.dvantages ofusing image data instead of the ropographical layers is to having following possibilities:

Delivering quite full information about the environment and topographical objects in spite of the lack of
da& in the thematic aspect or spatial cover-

A possibility of obtaining several kinds of information about the character of objects not covcrcd by dre

eDvironmental classifications stored by the vector data - by using different kinds of color composilions.

A possibility of free interpretation of the environmental space not determined by the subjective approach

of $e sp€cialist preparing the data.

Allowing the tmnsboundary analyses of environment be.cause of their continuous character, also lhe

irnage clata can be used as a reference for data iDtegration.

The cost of delivering ima8e data js reladvely low in comparison with the process of creating vcctor data.

That advantage plays a special role in the aspect of making time s€ries of data.

The more automatic process of integratjon can ensure a higher le\€l of data quality (e.9. in geometrical

aspcct).

Dcspite of described above advantages of using the image data, therc are some condilions and problems

!o solve during the process ofbuilding the systeml

The image data is more difficult in inlerprclation arld is rccofunended for ad\,anced users. For ordinary

users the system should conEin a broad range of lhe thcmatic layers gjving the inlerpreEtion of the objects and

phenomenon's. But also in this case image data should be used as a backgroud, supplementing the map

information.

The parallel using of vector and raster dnla cause the necessity of de\eloping lhe system of generating

custom map symbols for vector dala (changing symbols, colors and making transparenl polygons).

The comparability of contents of the images collected in the drfferent terms is determined by the

techniques of registration and radiometnc characteristics. The vector data created by stable technique are

dependent from lie subjectivity of interpretation done by the specialist.

The proper visualization of data, from canography point of view, is easier to atlain using the vcctor

model. For creating the image map more advanced caflographic skills are needed.

Nowadays the main weakncss of thc image method is caused by a big processing powcr involved to a

opemtions with a laster data, being the reason of limitations of possibility to offer llte msler data atulyses

through the Intemet. Predictions are lhat this factor wiil bc less essential in the fulure.

It is not a main goal, of description of advantages and problems of mster and vector data sys|ems, to

make a choice belween liem. Fundamental role of both kinds was proved and there is essential need to use two

types of data parallel in the role of: background for images and lhematic data - for veclor layers.

Conclusions, The resuks of testing the functionaljty and capabilities of the system proved the

possibility of improving environmental objects representalion adequacy, using the remote sensiDg data aDd

its derivatives in a model of Geographical Information System for Bjosphere Reserves. The infomation
schema and the method of dala organization allow to satisfy the rnost users needs conceming the

knowledge about envjronment of protccted areas. The special role iD fulfilling this task plays the imaBe

data. In the past this kind ofdata was oflen underestimated. but described above tests proved the usefulness

of image map method. The main advantage of the image maps is naking the visualization much more

complete. There are some important ways for lhe fulure rcscarch regatding to the image maps:

Supplementing shonage of the data by a progress in a building the \€ctor database encompassing larger

and larger arcas and integmrion from the research documentation - possibly one of the most \,ahlable sources of
environmental data.

Solving the problem of lntemel access !o dtc spatial data analyses according to the main trend in lhe

dcvelopment oflhe geopo(als called "tlick server - thin client".
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Being conscious of the impossibility of giving the ideal projection of environment using the geogaphical

ioformatiorisystems, author believes, that the fuflher research and pfogress in the technical possibilities' wilt

allow the continuation of improving the adequacy of the reprcscntation of envircnmcntal objects
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TECHNIKA LOD W WIZUALIZACJACH NMT W INTERNECIE
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Internet ptuiects making use oI largc data fiIes require a'lvanceil methods of data manipalalion

fron sof*aie. This is esPecilll! the case trith real tinu opcrations The prese t loper dedls with

ihe ropic oJ tlrc displaying of im\les inVRMI'/X3D scenes in the conkrt of thet respecti'e lewls

of accuracy. Thi use ol the LOD (Ievet of details) technique i lhe dJnomic generdtion ptocess

of NMT Intemet r|isu.'lis.ttion with dr\Ped texlurc hos becn described'

WstQp. wizualizacje numeryc?nego modelu tercnu to obszar bardzo itltcnsywnych prac od wielu lat'

Doty"ry to)u.6*nn obszar6w globalnych jak np ptojekcje na kulQ zienrskq lub jej wycinek' ale takis

rozwi4za6 odnoszqcych siQ do obszal6w nieduzych rzutowanych na plnszczyzn9

Zroato tat;c+r'aanyll moze byd r6lc poczqwszy od danych salelitamych' poprzez dane zc zdjQc i

skaner6w lotniczych czy wrcszcic z pomiar6w bezpo(rednich Modele terenu Scne'owirne na ich bazie

,*ytt" po*iqr"ti" stl z konkrcrnQ sytuacja czy aptikacj4' w kt6rej s4 wykorzystyw'ne i to tak' by jak

nuilu.tii"l ."ulitity"rnie oddad r7-eczywisto(6. Zawsze zwi4zane to bylo' ijest nadal' z doborem wlasciwej

,""tnlti piry pelnej 3wiadomo6ci istniejqcych ograniczci] zar6wno sprzqtu jak i oprogramowania (Patias'

ZOOI). wletu taOaizy poswiQcilo sporo uwagiJak gencrowad, a nastQpnie wyswietla6 (renderowa6) duze

oA"tury * "ru"i",t 
LrywisLym (Destruel, 2004, Fabio, 2003' Kolar,2005') Dobrym przegl4dem dokonai

w zakesic wizualizacjl numerycznego lerenu mo84 byi materiaty zawartc na stlonie projektu Viftual

TcrainPtoject(htto://www.vtc ain.ore/).

wysilki ostatnich lat skierowane s4 na aplikacje dzialajEcc w sieci Intemct Daje on teoretycznie

nieogr-aniczone mozliwo(ci siQSania po d^ne i to bez barier granic Jedynie stan l4czy i ich przepustowosc'

ponijajqc kwcstie prawne, wyd^je si€ byi w tej chwili sprawqistotn+
' " 

2iu"t tu liczba aplikacji wykorzystuj4cych tr6jwymiafowy NMT to opracowania autorskie' ale

rr.toiLn^ znaleia sporo iozwi4zari, kt6rc korzystaj4 ze z,1anych konstrukcji z jQzyka VRML i Jego

rozszerzenia CcoVRML, a obecnie coraz czgsciej z nowego staldardu X3D'

Rozs4dnyn wydaje siQ po|4c7-enie r6znych technik' Doskonalym przyktadem jest tu projekt Terra

vision ihnp:l/www.ai.sri.conr,/ienaVisiorV ) zaproponowany przez M' Reddy'ego i wsp6{autodw (Reddy'

M... i inni, 1999).


