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ABOUT ORGANIZERS

HH INTERNATIONAL FEDERATION OF SURVEYORS (FIG)

The International Federation of Surveyors (FIG) is the premier internation
organization representing the interests of suneyaoridwide. It is a federation
the national member associations and covers théewhage of professional fiels
within the global surveying community. It provides intanational forum fol
discussion and development aiming to promote psodaal practice and standar
FIG was founded in 1878 in Paris and was knownhasédérationinternationals
des GéometresThis has become anglicized to the Internationatiefation f
Surveyors.

FIG is a recognized n-government organization, representing more than
countries throughout the world, and its aim is tswe that the disciplines
surveying and all who practice them meet the neédise markets and communiti
that they serve. FIG’s activities are governed by a wpldn, which is regularl
reviewed against a longéerm strategic plan. The current work plan, tittBdilding
the capacity”, which guides the council and comiaiss activities, focuses on t
surveyorts response to social, economic, technological endronmental chang
FIG recognizes the particular needs of capacitydimg in developing countries
meet the challenges of fighting poverty and develpm basis for a sustainal
future. FIG also @cognizes that markets for surveyorsrvices are constant
changing.

The plan accordingly lays emphasis on strengthepnofessional institution:
promoting professional development; and encouragngyeyors to acquire ne
skills and techniques so t they may be properly equipped to meet the neé:
society and the environment. In general, FIG wilive to enhance the glob
standing of the surveying profession through batbcation and practice, incree
political relations both at national aiinternational level, help eradicating pove
promote democratisation, and facilitate economiogciad ard environmental
sustainability.

The technical work of FIG is led by ten technicaienissions

Professional Practice, Professional education,i&finformation Managemen
Hydrography, Positioning and Measurement, Engingeisurveys, Cadastre a
Land Management, Spatial Planning and Developméitiation and Manageme
of Real Estate, Construati Economics and Managem

Contact information:
Mr. Markku Villikka (MSc. Surv.)FIG Directorinternatiah Federation of Surveyor
FIGKalvebod Brygge 3B3DK-1780 Copenhagen VDENMARKTel. + 45 3886 1(
(office)Fax + 45 3886 0252 (office-mail: markku.villikka@fig.neWeb:
www.fig.net


http://service.gmx.net/de/cgi/g.fcgi/mail/new?CUSTOMERNO=23292846&t=de1015046855.1225032695.11267015&to=markku.villikka@fig.net
http://service.gmx.net/de/cgi/derefer?TYPE=3&DEST=http://www.fig.net

SIBERIAN STATE ACADEMY OF GEODESY (SSGA)

The Siberian State Academy of Geodesy (SSGAde oldest in Siberia, was
founded in 1933. Today it is the recognized leaddraining specialists for geodesy,
cartography, cadastre, environmental managemeptpraion of natural recourses,
metrology and opto-electronics. There are fouituriss in SSGA: Institute of Geodesy
and Management, Institute of Cadastre and Geograpformation Systems, Institute of
Remote Sensing and Natural Resources Managemstitutin of Optics and Optical
Technologies. The graduates3$GA receive Bachelor'sB.Sg and Master’'s Degrees
(M.Sc., 2 years after B.Sc.) or qualification of Engir&pecialist’s Diploma. The
SSGA offers educational programs, focused on gewndtion management for
sustainable development, each with specializatdigital photogrammetry, urban
planning and land administration and GIS.

The Academy carries out a large volume of researemel the major fields of
them are: surveying, geodetic maintenance for coctsbn and operation of
engineering structures, cartography, GIS technelgdigital and thematic map
compilation, cadastre, photogrammetry and rematsisg, satellite geodesy, optics
and spectrometry, uses of GPS for the purposegpiied geodesy and land cadastre.
The main tendency of research activity is to im@amthe advanced digital
technologies, terrestrial 3D laser scanning compaiteed acquisition and processing
of geodetic measurements, computer-based simul&it$hand GPS technologies.

Contact information:

Prof. Dr. Alexander P. Karpik

Rector

Siberian State Academy of Geodesy, SSGA

10, Plakhotnogo UlI.

Novosibirsk, 630108, Russian Federation

Tel: +7 (383) 343-39-37, Fax: +7 (383) 344-30-60
E-mail: rektorat@ssga.ru

Web: www.ssga.ru
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Technizehe Universiter Berlin TECHNICAL UNIVERSITY OF BERLIN

The Technical University of Berlin (Berlin Institute of Technology
(Technische Universitat Berlin) was founded in 18#&&th nearly 30,000 students, it
iIs one of the largest technical universities in r@amy. It also has the highest
proportion of foreign students out of universities Germany, with 20.9% in the
summer semester of 2007, roughly 5,598 student®l16people work at the
university: 319 professors, 1,832 postgraduatearekers, and 2,089 personnel work
in administration, the workshops, and the cenaallities. In addition there are 1,803
student assistants and 161 trainees. Internatisnalent mobility is applicable
through ERASMUS programme or through Top Industi&nagers for Europe
(TIME) network.

The TU Berlin has adopted a number of reforms ¢lvempast few years to help
strengthen its competitive edge, for example bypadg both a seven-school
approach and a new fundamental organizationaleglyathat features an innovative
university administration and committee structdrieis process is now to be applied
to all university endeavors - especially as stated$ continue to dwindle and
competition between universities increases.

The university courses include several Bachelord #re Master Degrees
divided under several faculties or departments:

— Humanities

— Mathematics and Natural Sciences

— Process Sciences

— Electrical Engineering and Computer Science

— Mechanical Engineering and Transport Systems

— Civil Engineering and Applied Geosciences

— Architecture-Environment-Society

— Economics and Management

Contact information:

Prof. Dr. Kurt Kutzler President

Technische Universitat BerlinStral3e des 17. JubiL@823 BerlinTel: +49 (0)30 314-
0, Fax: +49 (0)30 314-23222E-mail: kunkel(at)iggorrlin.de
Web:www.tu-berlin.de
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Bt IRKUTSK STATE TECHNICAL UNIVERSITY (ISTU)

The Irkutsk State Technical University (ISTU) is a dynamically developing
higher educational establishment with 75-yearsohystToday it holds the leading
position among other Russian universities and ésl#ingest educational institution
over the huge territory of Eastern Siberia and Fae East. ISTU represents the
brightest sample of a high-level university complexith well developed
infrastructure, management system, scientific anodiyctive environment as well as

with multi-level educational system. The Universttymprises 14 faculties with 78
chairs.

Training is carried out in 83 specialties in tedahiand economic fields,
humanities and arts for 33 000 students (1/3 ofto&@ number of students of the
Irkutsk Region). Structural subdivisions of the ubrsity such as Technical College,
Center for Pre-university Training and Interdiscipty Regional Center for
Professional Enhancement provide the continuitgdiication while the University
branch office and a number of representative dficeés accessibility for citizens of
the Irkutsk Region, the Buryat Republic, and the East. The training is performed
on the levels of Bachelor, Specialist, Master, Rimd Doctorate. The teaching staff
of the University is over 1125 people includingd@ittors of science, 501 candidates
of science, 105 professors, and 377 associategsafe

Contact information:

Prof. Dr. lvan M. Golovnykh

Rector

Irkutsk State Technical University, ISTU

83, Lermontova UI.

Irkutsk, 664074, Russian Federation

Tel: +7 (3952) 405-200, Fax: +7 (3952) 405-100
E-mail: oms@istu.edu

Web: www.istu.edu
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GENERAL THEMES AND TOPICS

@ Prediction of Earth’s Surface and Engineering 3tmas Deformation an
Movements in Areas of Tectonically and Technogdlyi Active Hazardous Zone
Using Geodetic Observatic

@ Methods for Studying HazardoiNatural and TechnogenProcesses, Their
Prediction and Cartographic Model

@ Automated Geodetic Monitoring Systems Applied ton§touction of
Engineering Structureend Their Maintenan:

@ Terrestrial Laser Scanning Systems Their Usage iohitecture, Civil
Engineering, Industry, aridmergency Manageme

@ GIS Technologies for Planning, Construction, Openaaind Maintenance ¢
Oil-and-Gas, Industrial and Powelants and Infrastructure

@ Provision of Geoinformation for Problem Solving irEcology,
Geomorphology, Geology and Geophy

& Geospatial Data Infrastructt

@ Real time GNNSApplication in Development of C-anc-Gas Fields (for
Navigation Transport Solutior
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THE SIBERIAN STATE ACADEMY OF GEODESY AS A PLATFORM FOR
DEVELOPMENT AND REALIZATION OF INFORMATION TECHNOLOGIES
IN GEODESY, CARTOGRAPHY AND CADASTRE

Prof. Alexander P. KARPIK, Russian Federation

The Siberian State Academy of Geodesy (SSGA) veasyalbeen and still is an
active leader and a developer of information tetdgies that are considered as the
basic tool for overwhelming majority of cartographisurveying and cadastral
techniques. Beginning from its foundation in 1938 the Siberian Institute of
Astrogeodesy, the institute’s main products were fibllowing: lists of reference
points, Earth’s figure parameters and its gravigldf topographic and special-
purpose maps representing all possible proceskespmena and objects as well as
predictable ones.

Cartographic and geodetic data have gained of greairtance at the fronts of
the Great Patriotic War in reforming national eamyp developing eastern and
northern regions, and, particularly, in recent gaarformation of land cadastre and
real estate. Therefore, the interest to state-®faith products like databases and
intelligent databases is significant.

The market principles of economic life, sharplyreesed market participants’
community keeping in possession and using immeéemes of real estate, have
essentially made difficult the solution of sociablaeeconomic problems. Today a local
coordinate system is the most important in dat@gmaion required for managerial
decision-making in the regions and municipal foiored. The former techniques for
its determination are out of date, therefore, thera necessity for unique research
and development work the results of which are meguboth by any subject of the
Russian Federation and a large city.

The key factor in choosing parameters of a localrdimate system is to
minimize its distortions when being referred to tietght reference surface. Up to
now the vertical reference surface and the cembelidian position of cylindrical
conformal transversal projectiomauss-Kriiger-Projection) are uselnl addition to these
parameters we have offered to choose the linetatien of least distortions in order
to minimize the distortions on areas having theatggt extent on latitude. There are
also some peculiarities, but the most importantaispossibility of accurate
transformation of a local coordinate system intmational one. To use the last
mentioned is always a problem caused by the togsesstrictions as well as by the
departmental technical regulations. The technicgjulations can have rather
conventional character in the version offered ekéapan access to a key for datum
transformation. It should be emphasized that wedaaing with the provision of
information and coordinates for any region and peated locality development.



Using databases is of current interest in all sgshef life activity including also
land and real estate relations. Today it is necgdedntegrate the whole information
in the unified coordinate environment in form oftalzases, the primary layer of
which is a digital model of terrain object contowsnerated by using aerial and
satellite imagery data. For example, in one of‘thi city of Tyumen Region is used
a database developed on the basis of FireBird ds¢almanagement system and
integrating the databases that contain differentcgs of information on companies
and organizations of the Federal Agency of Geodesyd Cartography
(Roskartographia) and the Federal Real Estate @adagency (Rosnedvizhimost),
and local government bodies. In this case the grapformation is represented in
various layer scales which are generalized to imprits visual acceptability. The
database structure allows its dynamical extenssenyell as provides the extension
of departmental and private databases, and masniansystem integrity. The above-
mentioned confirms the distinctive importance dbrmation products and their role
in adequate decision-making and providing poputatip necessary data.

For the coordination of educational, scientific gmdduction programs in a given
field, competitive recovery of domestic informatigroducts, the Siberian State
Academy of Geodesy together with ITE “Siberian 'Faird supported by the Siberian
Branch of the Russian Academy of Sciences (SB RAIS, administration of
Novosibirsk Region and Municipal Administrationévosibirsk have being organized
the international forum “GeoSiberia” since 2005.thivi the forum a specialized
exhibition of equipment, software, innovative tealogies, a scientific congress and
thematic round-table discussions is hold. The @pénts of “GeoSiberia-2009”, which
took place in April, discussed one of the urgeptd® “High Rise Building” significant
for development of regional construction industiy the round-table “Engineering
Surveys for Construction and Redevelopment of BgldProjects. The key problems in
construction of high-rise buildings were a lacKegjislation and regulations to be used
in maintenance of high-rise building projects, fdatmon deformations, tilts of buildings,
and drawbacks of instrumental monitoring for thadsebuilt objects as well as the
efficiency and reliability of surveying works.

The metro builders participated in the forum hawntoned that the Siberian State
Academy of Geodesy’s alumni are well-grounded andilfar not only with groundings
in theory but software and instrumentation. Predidé FIG Prof. Stig Enemark and a
representative of Leica Geosystems (Switzerlandgl J@an Cranenbroeck have
appreciated in value the Siberian higher schosliofeyors and promised to render the
academy and its partners information support in dewxelopment of domestic
professional education and its integration int@irative production.

Thus, we may courageously affirm that the SibeBtate Academy of Geodesy
and its alumni are successfully developing “degtthe country” and actively use the
best domestic and foreign information technologies.

© A.P. Karpik, 2009



3D BUILDING INFORMATION EFFICIENTLY ACQUIRED AND MANAGED

Christian CLEMEN and Lothar GRUNDIG, Germany

Summary

Reliable information about the buildings interi@ognetry is necessary for many
purposes ranging from facility management appliceti to the prediction of
earthquake induced hazards on man-made structBuedloor plans are often not
available, not updated or not acquired in threeetisions. Therefore gathering three-
dimensional geometric data of buildings is becomimgreasingly important.
Traditional surveying techniques are time consunaind expensive. From a practical
point of view, indoor surveying is based on desigmplots with a CAD tool, where
the dimensions are taken from angular and distameasurements. Most often the
measurements are taken on site and the drawingnis lbdack at the office. But what
should be done if some measurements are wrong \@ haen forgotten? What
should be done if the outer walls of one floor ptémnot align with the walls of
another floor plan? The surveying staff will eveally have to return to the building
for re-measuring.

This presentation shows how to model and parametaxithree-dimensional
building geometry in a non-standard form that igadle for a fast data acquisition
based on least squares adjustment as tool of aalyscontrast to existing CAD or
GIS data models, the approach discussed does eanyscoordinates, but is based
on planes represented by their normal vectors.

As a consequence, the number of unknown paramistsignificantly reduced,
resulting in fewer measurements needed to be obdemhe original measurements
are part of the data model enabling software ttmlse applied for statistical testing,
robust estimation and stepwise refinement of thdehprecision.

The data model, presented here, addresses thedinteasional geometric and
topological structure of a building in a way that suitable for all purposes of
engineering surveying and least squares adjustment.

During the application it will be easy to determitie intersecting planes in
each node, just by traversing the model instaneealse the explicitly specified
topology is an inherent part of the data model. @lame can carry multiple faces
(plane-sharing, a normal vector can be referred by multiple pafiormal-sharing
and a parameter can be referred by multiple nomwealors gigned parameter-
sharing.

Introduction

Gathering three-dimensional geometric data of Inglsl is becoming
increasingly important. Virtual 3D city models amilding Information Models
(BIM) require reliable information about the bundss interior. Floor plans are often
not available, not updated or not acquired in tlte@ensions. Traditional surveying
techniques are time consuming and expensive. Frpradical point of view, indoor
surveying is designing plots with a CAD tool, wheéne dimensions are taken from



angular and distance measurements. Most often dasunements are taken on site
and the drawing is done back at the office. Buttwhaneasurements are wrong or
have been forgotten? What if the outer walls of fioeer plan do not align with the
walls of another floor plan? Probably the surveystaff will then have to return to
the building for re-measuring.

Fig. 1: Common errors during indoor data capture

This short paper shows how to parameterize a firaensional building
geometry in a non-standard form that is suitablefést data acquisition and least
squares adjustment. In contrast to existing CAH8 data models, the discussed
approach does not use any coordinates, but desgrlbres by their normal vectors

(Fig. 2).

Fig. 2: a) point representation b) plane represemta&) plane intersection

Using this approach, the number of unknowns isiogmtly reduced, resulting
in fewer measurements to be observed. The origmedsurements are part of the
data model enabling the software for statisticadting, robust estimation and
stepwise refinement of the model precision.

Data model

The data model addresses the three-dimensional eggonand topological
structure of a building in a way that is suitabde éngineering surveying and least
squares adjustment. For these purposes three smimations are made:

Firstly, the model must represent visible and oledae parts of a building.
Therefore Boundary-Representation with its expligpecified topology was chosen.
[Oosterom 2002] gives several reasons for thisst@tiin context of surveying.
Entity types of this domain are: Topological privets node edge face solid and the
entity types for the topological orientatibalf-edgeandloop.



Secondly,stochastic observationand deterministic constraintare integrated
into the data model (Fig.3). This is because sumgeyengineers solve inverse
problems. An inverse problem is estimating the rhqurameters from a set of
measured data. In the case of indoor surveyingribeel parameters to be estimated
are those describing the building geometry. Thea dgiven are measurements
gathered with surveying instruments. From the sgngeengineer point of view, the
parameters of the absolute geometry (secondary de¢gaderived from the original
measurements (primary data). What is the benefithef approach in everyday
engineering life? A stochastically correct params#tion allows for applying
statistical tests during the process of geometnd #opological generalisation.
Storing the original measurements is robust, sgross errors and poor functional
models (EDM offset, scale) remain identifiable.

Observations/
Constraints

Geometry

Distance Face-Face
Node

Distance Face-Edge
Distance Face-Node
Edge Distance Edge-Edge

Distance Edge-Node

Distance Node-Node
HalfEdge

Local Spherical Point on Face
Polygon

Local Spherical Point on Edge
Loop 0 é

Local Spherical Point on Node

Parameter Face .
™ @ Constraint Face-Face

value
Constraint Face-Edge

Solid Constraint Edge-Edge

Fig. 3: A plane-based data model for 3D geometyplogy and indoor
measurements

Thirdly, geometry is parameterised with planar acek [Grindig 2002]. The
prevalent method for specifying location is makusg of point representation, where
every node is attached with three coordinate vakjgz in order to specify its
position. Additionally, implicit or explicit assurtipns are made on planarity,
parallelism and perpendicularity of faces [KazarOZ0 The main idea of the
discussed approach is to reduce geometric redupddmyc replacing point
representation by surface representation. A planepresented by thealuesof its
normal vector nx,ny,nz and the orthogonal distancd to the origin. This
parameterisation is known as tHessian Normal Form

nx-d=nx+ny+nz-d=0 (1)



By traversing the model instance, it is easy temrine the intersecting planes
in each node, because the explicitly specified ltmppois an inherent part of the data
model. The point coordinates can be calculatedd®@mand”, solving:

nix ny nz X d (2)
Ne My N || Y= g
nkx nky nkz z dk

Similar approaches use half-spaces in order toblkestaa closed polytope
algebra that can be represented with finite digitgpresentation of numbers
[Thompson 2008]. Please note that in our modelpgare can carry multiple faces
(plane-sharing), a normal vector can be referredhbitiple planes (normal-sharing)
and a parameter can be referred by multiple noveetiors (parameter-sharing).

Least Squares Adjustment

Least Squares Adjustment allows for the integratibredundant measurements.
The equations of the general method consist of reasens, unknowns and
constants. Using adjustment techniques in 3D GI®@#e model can be attach by
mutually checking measurements/constraints, acgupagperties of measurements
and unknown parameters. The resulting geometryeisbie and attached with
reasonable accuracy information.

Stochastic Observation Equations

Stochastic observations or soft constraints ddawgé to be fulfilled strictly. For
parametric adjustment the observations | and thielwals v (noise) are expressed as
nonlinear functions of the unknowns x. This domafinnformation is considered as
being stochastic, because the residuals are coedids random variables and are
optimized with the Least Squares Adjustment.

One type of observations are distances (Fig. 43taDces are measured with
ruler, measuring tape, laser distance meter or Igirby pacing. Although the
following functions describe relations between {toga@al primitives, the
corresponding geometric representation can be rdeted easily by navigating
through the topologic-geometric data structure.
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Fig. 4: Visualisation of stochastic observatiomséise picture)

Distance Face-Facdf a distance | between the parallel faces locateglanes
I and j is measured the observation equation is:

l+v=d - 3)

Distance Face-Nodelf a distance | between the faces i and nodk j I, that is
the intersection of the planes j, k and |, is meagthe observation equation is:

I+V:<ni’ pjkl>+q (4)
o =[(n.n.0) | (4. 4. 9)

Distance Node-Noddf a distance | between node jn k and noded mnn is
measured the observation equation distance nodeiaatkscribed as:

I +v = H pljk - pmn (5)

P =[(nnn) ] (a9 9)

P =| (h )" | (s d )
Local spherical coordinates(r,é?,qo)T (Fig. 5) are taken with the total station at

position(x,y;,z) . Only one rotational degree of freedemremains for each
instrumental set up, because the rotating axisot#l tstation is adjusted to the
vertical. The three components ¢f,8,¢)" are considered to stochastically

independent. The observation equation of type $mlgroint i on face j is described
as a conditional equation:




fxI+v)=(p.n)-d, (6)

(ri +Vr)Sin(€i +V9) COS@+V¢+C‘%’) XT
=( | (5 +Vv,)sin@ +v,)sin@+v,+ar) |+| Y |0, )—d
(f +V;)cos@ +V,) Z

Deterministic Constraints

Deterministic constraints have to be fulfilled stiiy; therefore no stochastic part
(residual v) is contained in the mathematical funmctDeterministic constraints have
the advantage of reinforcing the estimated solubgnincreasing the (stochastic)
redundancy. The disadvantage is that wrongly sieecifor linear dependent
constraints could lead to singular equation system.

Normal vector. Since the Hessian Normal Form is valid only i€ thormal
vector is of length 1, the algorithm must ensure tiormalisation of the normal

vectom.

In=(nm=yf+d+f=1 (7)

Angular Constraints are attached to the model for ensuring the obtenal
integrity (like parallelism of faces that are coategl by a distance measurement) and
to find a mathematical description for “obvioustusitions like “wall perpendicular to
floor” or “floor parallel to ceiling”. Angular corgints are of type “Face-Face”,
“Face-Edge” or “Edge-Edge”.

Angular Constraints Face-Face If the planes | and | of two faces are
perpendicular an additional constraint is attacteethe system of equations. The
constraint is given by the normal vectors dot paidu

Kni n >‘ =0...perpendiclua (8)

The constraints “face-edge” and “edge-edge” are aied equivalently
[Clemen 2008].

A good practice is to process the angular condfras “soft constraints” in a
first step by simply attaching a residual v to eaght hand side of the equation. If
the condition passes the statistical test, it andmsidered as being deterministic in a
second step.
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Exemplary Workflow

In order to test the data model (Fig. 5), we usedbo SketchUp as “Topoloc
Editor”. The 3D Model is draught on site. The expdrColada model is converted
an XML model instance that could be parsed andga®ed by our OpenGL bas
“Observation Edidr’. The measurements are collected using totailostaand lase
distance meter. Back at the office they are adjustgh an “Adjustment Tool” an
finally exported to dxformat.

Future Work

Future work will be done in three domains: Use casaluatin, statistical
testing and GUI integratiolEvaluating use cases will include larger surveyquts,
deformation analysis, 3D data enhancement of egishodel instances and the d
model’s application during the design phase of ddimg. The possibities of
statistical testing are not jet fully explored. &ff will be made on applying we
known test standards to the suri-based parameterisation. Currently we are wor
on the integration of our C++ algorithms to the GleoSketchUp GUI in ord to
enable the user to work with only one softwareriate.
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USING ORACLE SPATIAL WITH COORDINATE SYSTEMS BASED ON ANY
REGIONAL GEODETIC DATUM

Christian MANTHE, Christian CLEMEN, Lothar GRUNDIGermany
Key words: geodetic datum, coordinate systems, oracle spatial

SUMMARY

Oracle Spatial supports many geodetic and non-geodeordinate systems,
e.g. as defined by the European Petroleum Surveyu@i(EPSG) data model.
Whereas the spheroid dimensions and the algorittumghe projection are well
known and implemented (in most cases) the geoditicm consists of estimated
guantities as this transformation is based on pialtieference points.

For historical reasons and due to only local updgatithe given standard
parameter for coordinate systems is often not geodugh with respect to the
accuracy of transformed homological points.

This article illustrates the relations of the Oeadbpatial data model that
specifies a geodetic datum including tables forespid dimensions, projection types
and spheroid displacements. It is described howngert and update a geodetic
datum. Essential steps for data-conversion, esbmatnd validation of the
transformation parameters and data base implemamtatre comprehensively
explained by means of an example covering the GerBexlin State Coordinate
System (Netz88).

1. INTRODUCTION

More and more data are available from a varietgitféérent sources, and more
and more people have the means and the need to wsakef it. A situation now
exists where using a reference system for the mednacquiring data being
completely different from the one in which the dat#l ultimately be required is
guite common.

This is a particular problem of combining data setsvhich new data is to be
put alongside archive material or of combining arage referenced with GPS with
others that have been obtained from published riiépse are different data in
different coordinate systems. To combine those da& set has to be transformed
into the other. So the combining problem is forehaogansformation problem.

This article by way of an example explains the step user-defined coordinate
transformation with parameter estimation in OratheOracle Spatial two different
ways exist to solve such a problem.



On the one hand we can use stored proceduresthteoemplete formalism for
the transformation between two data sets is to rbplemented into a single
procedure. This will be a quick solution as longwas have only one target system
and not very complex formulas. The disadvantaghasthis stored procedure is not
reusable with different systems.

On the other hand we can use the features of O&paéal. There we only need
some general information about the system and smmwlogical points to estimate
the datum parameter. From this we can define tloedomate systems used for the
available data sets in Oracle. Finally we applydh&n implemented procedures to
transform our data sets. The advantage here ismbatan transform data with an
easily-programmed SQL-statement for most of themieoordinate systems by using
the SDO_GEOMERY in Oracle see (Kothuri & GodfrindB&inat, 2007) or (Oracle,
2007).

select

I.PKTNUM Punkt,

SDO_CS.TRANSFORM(l.geom ,83033).sdo_point.x X,
SDO_CS.TRANSFORM(l.geom ,83033).sdo_point.y y
from SOLDNER_BLN I;

listing 1: transform Soldner Berlin coordinatesittTM ETRS8

In order to define a coordinate system in Oracle fivgt explain some basics of
coordinate systems and transformations in sectioifh2z data model for setting
coordinate systems is explained in section 3. &eacti deals with the estimation of
the datum parameters. The SQL statements used tinesespecial Berlin Soldner
coordinate system are given in section 5.

2. OVERVIEW OF COORDINATE SYSTEMS

Basically we can classify coordinate systems injgated and geodetic
coordinate systems. Geodetic coordinate systemeegging to spheroids, that can
be spherical but mostly are elliptical. The geomgiarameter semi-major and semi-
minor axis and also the orientation of the ellips@ranslation and rotation) with
respect to a geocentric system define the geodation of a system.

To transform coordinates between two different géadsystems they must first
be converted into 3-dimensional world coordinatasa second step they are to be
transformed by a Helmert-transformation into thege& world coordinate system.
After that they will finally be converted with thgiven target ellipsoid into the
required target geographic coordinates.

Projected coordinate systems are used for pracBeabns. In surveying mostly
UTM projection (figure 1) is used because of itsnmeand conformal features. All
projections share definite mathematical rules. Sur@ected coordinate system is



always a mapped geodetic coordinate system. Caouerbetween geographic and
projected coordinates are mathematically clearfindd.

In Oracle several projections are implemented. & only needs to choose
the specific parameters of the projection e.g.estattor, geographic coordinates of
the origin or central meridian and offsets. Thosed& of parameters usually are
known.

Equator

N

Meridionial zone IContraL meridian

Transvers Mercator Projection

Fig. 1: UTM projection

Because of the historical development in geodesyetlexist diverse rotation
ellipsoids. These can be orientated differentlyhwieéspect to their realized local
reference frame. In Germany for example we haveomnmon general geodetic
system called DHDN (German general triangulatiot) fag the country as a whole,
but with different realizations in the differentat#s. Those can be traced back to
individual improvements in the local net evaluation

GPS facilitates investigating a global best-apprated rotation ellipsoid (see
figure 2). The most recent global geocentric datanthe World Geodetic System
1984 (WGS84) and for Europe the European TerrésReference Frame 1989
(ETRF89), both with identical orientation paramstand with the origin in the mass
centre of our earth.
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Fig. 2: Spheroid displacements

To obtain a precise transformation result we hawvekhow the specifi
orientation parameters of the ellipsoid used. A waestimate these parameter:
explained in section 4 but first let’s see how Mrateals with coordinate systel

3. COORDINATE SYSTEMS IN ORACLE

The data model in Oracle is based on the Europe&mol®um Survey Grou
(EPSG) data model and data set, but it is not cetelyl identical with itCoordinate
systems are described in table SDO_COORDREF_SYS&. fofeign keys |
information needed is linked with that table (sgerfe 3).

3.1 Overview

Oracle distinguishes coordinate systems in theowoilg categories: -
dimensional VERTICAL, -dimensional PROJECTED, GEOGRAPHIC2D ar-
dimensional GEOCENTRIC, GEOGRAPHIC3D and COMPOUNDordinate
systems.

VERTICAL: for defining physical height syste

GEODETIC: br defining coordinate systems based on a indivi
reference surface

PROJECTED: for defining a coordinate system based on a geodgsiter

COMPOUND: for defining a projeed system with physical hei

Typically the geocentric coordini systems are predefined in Oracle. So
only have to answer the question of instantiatei@mnown local system in Oracl
For the later illustration of this we explain hdree features ofhe local Soldner
Berlin system.



3.2 Features of the local Soldner Berlin System

Due to the history and the location of Berlin beswdwo different projection
zones the Berlin Soldner system is still officlakepresents a coordinate system with
a special very easy-to-use non-conformal projectilmveloped by the German
scientist Johann Georg Soldner in th& £@ntury. The projection used is also well-
known and predefined in Oracle as Cassini projactishich was developed in
the18" century by Dominique Cassini in France.

The features of the Berlin Soldner projection & geodetic coordinates of the
origin “Miggelberg” latitude of origin = 52.418648277778° and Central meridian
= 13.62720366666667°, the shift of the origin @a¢ssting 40km and false northing
= 10km, made to eliminate negative coordinatesedallalse easting and false
northing) and the scale factor.

The underlying geodetic system is called “Netz88d aises the Bessel rotation
ellipsoid as reference surface. It is based on “ieutsche Hauptdreiecksnetz”
(DHDN). The DHDN system is defined so that the icait deflection in the
fundamental point in Rauenberg is zero. This resuitthe ellipsoid (see figure 2)
fitting very well in Germany as a whole (best figinationwide).

Based on the DHDN, the new net adjustment solutrgh new terrestrial and
GPS supported observations in the area of Berlinalked “Netz88” (best fitting
state-wide).

So the Net88 has different datum parameters fronDBFand even from the
geocentric geodetic system.

4. ESTIMATION OF THE ORIENTATION PARAMETERS

For estimating the ellipsoid orientation parameter need homologous points.
These points are known in the local and in theetafigm Oracle: ETRS89) coordinate
systems. In order to prepare the estimation, thet pdformation in both systems has
to be converted into 3D xyz-world coordinates wiispect to the projection and the
underlying ellipsoid.

4.1Used points

For the parameter estimation 14 homologous poiete wsed. These are known
in the local Soldner Berlin System and the glob&RE89. All points were evenly
spread over the area of Berlin to detect possisteions in the local system.

4.2 Assumptions

We used only 2D-Soldner Berlin coordinates. Heigiformation was not
considered. Solving the problem in an easy way, HI&RS89 coordinates are
considered as non-stochastic errorless valuesnencbbrdinate system is expected to
be nearly homogeneous. Based on these restrictiemdiave to estimate seven
parameters (three rotations, three translationgtandcale).



4.3 Pre-processing to estimate the datum parameters
To estimate the transformation parameter needesl, ctiordinates of both
systems must be converted into 3D-world coordinates

Therefore initially the given coordinates were poded back into geodetic
coordinates with given formulas (EPSG, 2009). Thisans that the projected 2D-
coordinates were converted into 2D-geodetic coatds on the reference surface of
the underlying ellipsoid.

In a second step the geodetic coordinates mustatmellated into 3D-world
coordinates observing the geometry of the ellipsasdd (Bessel 41 for Berlin
Soldner and GRS80 for ETRS89).

As the origin of the ETRS89 is defined in the meldf the centre of mass these
coordinates are called “geocentric.”

Finally, we determined a parameter description of lmcal best fitted 3D-
coordinate system with respect to the spatial ggacesystem.

4.4 Estimation of the datum parameters

X AX X
Y =AY |+ mR Y
Z ETRS39 AZ Z local

equation 1 Helmert transfomation

The Helmert-transformation can be used with diffiérdescriptions of the
rotations. At the beginning we used the linear dpson like shown in (equation 2).

equation 2 linear Euler rotation

The assumptions here are for very small anglesreMine Sine-function will be
equal to the angle and the Cosine-function equal to

This linear adjustment model is very easy to realizowever the resulting
parameters are not precise enough for satisfatr@mmgformations.

cosf coy - cog sia SiB— cas gmn - @S @os B asin psi
R=| cosfsiny co® cog— sm S sin - cps &R  ©0S Bin S
sing cosl sir cog cQ8

equation 3 full occupied Euler rotation matrix



In a second step we developed the non-linear adgrgt model with the fully
occupied rotation matrix (equation 3). As approxienaalues for the unknowns we
can use Om for the translations, 0° for the angtes 1.0 for the scale because of the
nearly identical orientation of the local datum.

B+E-G-G 29G-2¢q 2¢gr24g
R=| 2qq+2qq d-4+4-4§ -2qg@g29g
-20,0, %200,  20,q+2g0 G- §- G+ §

equation 4 Quaternion rotation

To control with a different adjustment model and ke independent from
approximated values we calculated the parametsosvaith the rotational approach
based on quaternions (equation 4).

The calculations were conducted using MatLab. At ¢md we estimated the
following parameters.

Shift in X 675.239155 m
Shiftin Y 25.303490 m
Shiftin Z 422.544682 m
Rotation in X -0.717994 sec
Rotation in X -1.766241 sec
Rotation in X -0.719541 sec
Scale -0.245916 ppm

To obtain an adequate description of the implentemtawe considered the
SQL-statements in the inverse order. By defining @un user-defined system one
would consider starting with tables without an Utk foreign key. The following
SQL-statements only shows the important lines wd#scriptions. For detailed
information see (Oracle, 2007) and (figure 3).



SDO_COORD_AXIS _NAMES

FK COORD_AXIS_NAME_ID

CODRD_AXIS_MAME

SDO_DATUMS

SDO_COORD_SYS PK |DATUM_ID
p " |COORD SYS D FK1 |ELLIPSOID ID
PRIME_MERIDIAN_ID
COORD_SYS_NAME SHIET X I
COORD_SYS_TYFE SHIFT ¥
SHIFT_Z

SDO_COORD_AXES

ROTATE_Y
ROTATE_Z
FK1 | COORD_SYS_ID SCALE_ADJUET
FK2 | COORD_AXIS_NAME_ID

COORD_AXIS_ORIENTATIGN =
KIS DO_COORD_REF_SYS
FK2 |UOM_ID i =T
PK SEID

ROTATE_X

CODRD_REF_SYS_KIND

FK3 CODORD_SYS D
FKZ DATUM ID «
FKS GECG_GRS_DATUM_ID SDO_ELLIPSOIDS
FK4 SOURCE_GEOG_SRID
FK1 PROJECTION_conv_p | |PK |ELLIPSOID ID

F SEMI_MAJOR_AXIS
INY_FLATTENING
SEMI_MINCR_AXIS

SD0_COORD_REF_SYSTEM

) 4
SDO_COORD_OPS

PK |COQRD QP ID —_—

Fi1 | SOURCE_SRID
Fxz | TARGET_SRID SDO_COORD_OF_PARAM_VALS
F<3 | COORD_OP_METHOD_Ip &

FK2 [COORD_OP_ID
FK3 | COORD_OP_METHCD_ID

Y FK4 | PARAMETER_ID
SDC_COORD_OP_METHCDS ¢ PARAMETER_WALUE
-~ FE1 | UOM_ID

PK |CQORD OF METHOD ID

CODRD_CP_METHOD_MAME
LEGACY_MAME

A 4
SDO_COORD_COP_PARAMS

FK PARAMETER_ID

PARAMETER_MAME h 4
SDO_UNITS_OF MEASURE

PK |UCM_ID

UNIT_OF_MEAS_NAME
UNIT_OF_MEAS_TYPE
FACTOR_B

FACTOR_C

L4

Fig. 3 Oracle spatial coordinate system data model oo

5. SQL-SCRIPT TO IMPLEMENT THE BERLIN SOLDNER SYSTEM

In the first statement wedefined a coordinate system in tt
SDO_COORD_REF_SYS tab SDO_COORD_REF_SYSTEMs a view of the
SDO_COORD_REF_SYS tal in with we inserted an entry with the na
(COORD_REF_SYS NAWN “Soldner Berlin” with identification number (SRIL
7000001 (bigger then 100000because of the setfefinition), system kine
(COORD_REF_SYS KINDas projected, the representation of the coordmaic
Cartesian with the unit meteCOORD_SYS ID) no datum because of the projec
system DATUM_ID), with a specifi underlying geodeticsystem and its datu



(SOURCE_GEOG_SRID, GEOG_CRS DATUM #ngd the specific Berlin
projection PROJECTION_CONV_ID)

INSERT
INTO MDSYS.SDO_COORD_REF_SYSTEM

VALUES
(
7000001 : -- SRID
‘Soldner coordinates (Berlin)' , -
COORD_REF_SYS_NAME
'PROJECTED' : --
COORD_REF_SYS_KIND
4530 , --
COORD_SYS ID
NULL : --
DATUM_ID
6000000 : --
GEOG_CRS_DATUM_ID
7000000 : --
SOURCE_GEOG_SRID
5000000 : --
PROJECTION_CONV_ID

);

The underlying geodetic system can be implementeata following statement
into the same view. The features of this systentlaralifferent names by SRID. The
type of this system is called geographic but alsams geodetic. Coordinates are
represented as ellipsoidal latitudes and longitudedecimal degrees. Under the
Datum_ID 6000000 the specific Berlin Netz88 Datwnlefined. Due to the features
of the geodetic system there are no source systathsa Datum or a projection
(GEOG_CRS DATUM ID = SOURCE_GEOG_SRID = PROJECTION_
CONV_ID = NULL).

INSERT
INTO MDSYS.SDO_COORD_REF_SYSTEM
VALUES
7000000 : -- SRID
'‘Geodetic coordinates Netz88 (Berlin)' , —-COORD_REF_SYS NAME
'GEOGRAPHIC2D' : -- COORD_REF_SYS_KIND
6422 , -- COORD_SYS_ID
6000000 : -- DATUM_ID
NULL , -- GEOG_CRS DATUM_ID
NULL , -- SOURCE_GEOG_SRID

NULL , -- PROJECTION_CONV_ID



In the next step the specific Soldner Berlin proggthas to be defined. At first
we had to look into the SDO_COORD_OP_METHODS tablecheck the given
projections. Usually we find the Soldner projectiomder the name Cassini with the
COORD_OP_METHOD_ID= 9806. So we do not needed tglement the
mathematics of this projection and could start vd#fining the projection needed
under a speciaCOORD_OP_IDin theSDO_COORD_OPSable. The projection
type here is a normal conversion of the geodettesy into the projected system and
back.

INSERT
INTO MDSYS.SDO_COORD_OPS
VALUES
(
5000000 : -- COORD_OP_ID
‘Soldner Berlin' , -- COORD_OP_NAME
'‘CONVERSION' : -- COORD_OP_TYPE

. --COORD_OP_METHOD_ID
)i

To find out which parameters are needed to deseiB®ldner projection, the
next statement can be used. For more informatier{lsethuri & Godfrind & Beinat,
2007).

SELECT
use .parameter_id || v |
use.legacy param_name
FROM
sdo_coord_op_param_use use
WHERE
use .coord_op_method_id = 9806;

As a result we got the PARAMETER _ID’s of the Soldpeojection which are.

8801: Latitude_Of Origin
8802: Central_Meridian
8806: False_Easting
8807: False_Northing

Each parameter value has to be set intoSB® COORD_OP_PARAM_VALS
table with the same projection and method numblsio Ateresting is the unit of the
parameter, e.g. decimal degrésX(V ID=10001) for parameters 8801 and 8802 and
meter JOM_ID=9001) for 8806 and 8807.



INSERT
INTO MDSYS.SDO_COORD_OP_PARAM_VALS

(

).

'VALUES

5000000 ,
9806 ,
8801 ,

52.41864827777778,

NULL ,
10001

-- COORD_OP_ID

-- COORD_OP_METHOD_ID
-- PARAMETER_ID

-- PARAMETER_VALUE

-- PARAM_VALUE_FILE_REF

- UOM_ID

In the SDO_DATUM#&ble the Datum parameters as calculated areeadkfist
first we set a new Datum number and name. Then hesecthe datum type, the
Bessel-ellipsoid and the meridian of Greenwichhesgdrime meridian. The next two
lines INFORMATION_SOURC&andDATA_SOURCEcontain statements which are
only informative for the user of this datum. Essan@re the lines with the
transformation parameters. They are the unitsréorstations in meters, for rotations
in seconds and for the scale factor in parts pdiiomithat are important to be
mentioned here.

IN

(

SERT

INTO MDSYS.SDO_DATUMS

VALUES

6000000 ,

'‘Netz88 (Berlin)'

'GEODETIC'
8004 ,
8901 ,

GG TU Berlin'

'1GG TU Berlin'
675.239155 ,
25.303490 :
422.544682 :
-0.717994 ,
-1.766241 ,
-0.719541 ,
-0.245916 ,

-- DATUM_ID

-- DATUM_NAME

-- DATUM_TYPE

-- ELLIPSOID_ID

-- PRIME_MERIDIAN_ID
-- INFORMATION_SOURCE
-- DATA_SOURCE

-- SHIFT_Xin [m]

-- SHIFT_Y in [m]

-- SHIFT_Zin [m]

-- ROTATE_X in [sec]

-- ROTATE_Y in [sec]

-- ROTATE_Z in [sec]

-- SCALE in [ppm]



Finally, the Steps in the overview are:

1. Collect all information needed to define the locabrdinate system

2. Estimate the best datum parameter by using homo®goints applying
adjustment calculation

3. Insert the new coordinate system with all needéormmation into the data
model

4. Paste the orginal coordinates into the SDO-Geomeitly the link of the
new coordinate system see at (Oracle, 2007) oh{Ko& Godfrind & Beinat, 2007)

5. Transform the coordinates into different systemy by changing the SRID
number of the target system (listing 1)
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EUPOS THE SUCCESS GUARANTEE FOR RAPID BUILDUP THE
INFRASTRUCTURE IN THE COUNTRIES OF CENTRAL AND EASTERN
EUROPE

Dr.-Ing. Ivo MILEV, Germany

EUPOSis an initiative to establish a uniform DGNSS Basifrastructure in
Central and Eastern Europe (CEE). Uniform multiftoral DGNSS reference
station systems and services are going to be bpilin fifteen participating CEE
countries.EUPOSwill in the end cover 25% of the European Uniorritery and
more than 60% of the area of whole Europe. Takmg@ consideration also the
Russian territory in Asia, where this infrastruetwill be establishedcUPOSwill be
realised for an area of about 10 million squarerkiters

This fundamental infrastructure is based technjcail a network of DGNSS
reference stations and adequate communication [irfes data products can be used
in many different applications requiring accuraejtér than 3 m up to the 1 cm level
in real-time and sub-centimetre precision by pastessing. This ‘full scale
accuracy’ concept aiming all types of users fromirmmental protection, transport
and public security, hydrography, maritime survegyimiver and maritime traffic,
fishing, machinery and vehicle control, to spadiala infrastructure developers and to
geodesy.EUPOS is independent of private company solutions andsusnly
international and unlimited worldwide usable staddaln case international agreed
standards do not exig€€UPOSis working on the standardisation in the corresiiug
organisations like the Radio Commission on Mariti8ervices, Special Committee
104 (RTCM SC 104)EUPOSprovides the GNSS observation data and real-time
corrections for high precise positioning and natrayawith guaranteed availability
and quality.

© Dr.-Ing. Ivo Milev, 2009



USING MOBILE LIDAR TO SURVEY RAILWAY INFRASTRUCTURE. LYNX
MOBILE MAPPER

Daina MORGAN, Canada
Key words: Lidar, Mobile Mapping, Railway, 3D.

Summary

This project proved that the Lynx Mobile Mapper camckly acquire geo-
referenced 3D spatial data on railway infrastruetitom a platform mounted on a
moving rail car. Lynx Mobile Mapper data meets syrgrade criteria, providing
sufficient detail and accuracy to extract essespatial information for engineering,
maintenance and construction applications.

Proof of Solution

When a large-scale project requires survey-gradsiatpdata, lidar (Light
Detection and Ranging) has proven to be the fagtesimost accurate technology for
mapping and modeling. Over the last decade liddmelogy has evolved to meet the
needs of a broad range of survey applications. Fnogerground mining to urban
planning, hydrographic depth charting, airborneaiar mapping and all the way to
the surface of Mars, laser ranging instruments hlagen accurately measuring
distances and capturing images with increasingcsped precision.

Recently, terrestrial lidar imagers (T-Lidar) haadvanced from a stationary
tripod-mounted set-up to a new stage of mobilityalding surveyors to capture
highly accurate geo-referenced 3D spatial data fomariety of platforms, including
land and marine vehicles.

Curious to learn more about this development, Addmta Service (ADS), of
Tulsa, Oklahoma, contacted Optech Incorporate@gbits Lynx Mobile Mapper in
an untried application: surveying railway infrastiwre from a moving rail car. In
some cases, a client may present a surveyor wittletailed set of project
requirements. Among these requirements, the chaght specify the deliverables:
raw data, file formats, Digital Terrain Models (D)MDigital Elevation Models
(DEM), topographic maps with set contour gradiemé&juirements for accuracy,
resolution, density, cost and time estimates. Basethe specified requirements, the
planner determines the most efficient and costeeffe survey.

In a new, untested application, however, it maypf@mature to anticipate highly
specific requirements.

In this instance, ADS did not request a detailédbEesquirements. Instead, they
were interested in a “proof of solution”. First aledemost, they wanted to determine
whether Optech’s Lynx Mobile Mapper could provide 8patial data with sufficient
detail and accuracy to extract rail information e by maintenance and inspection



services. ADS was patrticularly interested in exangrLynx Mobile Mapper data for
its potential inmonitoring track conditions, switch conditions, inventory, signage,
and obstructions such as vegetation encroaching a@ne rail right-of-way .

In addition to the areas of interest identified APS, the gathered data
demonstrated that the Lynx Mobile Mapper offersapped potential for multiple
uses in railway surveying applications. A numbekey areas are identified as being
especially suitable for further exploration. Theseas include rattorridor design,
corridor monitoring, hydrostatic and hydrokinetic m onitoring. Some of these
potential uses are discussed in this paper. Itldhioel noted, however, that in the
absence of specific requirements, the acquired kasanot yet been subjected to
rigorous test standards.

Rail corridor design

) Ol e
eyed by Lynx Mobile Magy outside
Tulsa, Oklahoma

Figure 4: Rail corridor surv

The design of new railway sidings is crucial to mmnng traffic flow along
existing rail lines. Rail sidings provide train emgers with the necessary space to
either stop and wait for higher priority traffic fi|ass on a single rail line, or drop
cargo for transfer or unloading. In either case,ribed to add rail sidings to existing
track means that an accurate survey is requireatrdgiroper design of the new rall



siding can proceed. Conventional survey methodstiare-consuming and require
either that the line be shut down for safety reasar that data collection be
interrupted to let traffic pass. Mobile terrestised lidar offers a solution to
performing this task safely and efficiently, withionterruption.

Attempts to use airborne lidar for monitoring ancksidning railroad
infrastructure have been made in the past. Howelkieraccuracy of the lidar data
collected from an airborne platform was less thdeqaate (Fateh and Jones). Now,
with the advent of mobile terrestrial-based lidamnore accurate and cost effective
method of collecting railway corridor data for dgspurposes is available.

In order to test the performance capabilities @f tlhnx Mobile Mapper, ADS
arranged to scan a section of railway outside TuBddahoma. The Lynx Mobile
Mapper was mounted on a speeder (track-maintenaace where it traveled
approximately 5.5 km (3.4 mi) of tracks, scannihg area surrounding the rail line
with one of its lidar sensors (Figure 5).

GPS antenna
‘mounted on
array box

Lidar sensor 1 pigital camera 1 Ligarsapeand:

e /Digital camera 2
o ‘\\‘f“ /

Figure 5: Lynx Mobile Mapper mounted on railway sger

From the data collected during this project, sdverseful portions were
extracted from the resultant point clouds. Topolm@gontour maps (e.g., Figure 6)
of the surveyed rail line were output after processhe raw XYZi (Northing,
Easting, Height and Intensity) data using the commally available software
package, Terrasolid.



Figure 6: Contur lines made from Lynx Mobile Mapgata captured from a
moving speeder on a section of railway track; conseparation 0.5 ft. (left), 1-ft.

(right)

Figure 7: Triangulated Irregular Network (TIN) mdoeeth 1-foot contour lines
showing a 75-foot corridor along a section of liag

These topographic maps and models give surveyatseagineers a starting
point from which a number of different design andnitoring projects can be based.
As shown in Figure 7, the map can be used to etitha volume of fill that will be
needed when adding a siding or spur line to thstiexy structure.

For planning purposes, the information gleaned ftbese topographic maps is
invaluable. For example, in Figure 7, the tightlpnded contour lines in the
highlighted area above the (red) track reveal aenpponounced change in elevation.
Therefore, the grade in this area may be too siegezcommodate a parallel set of
tracks. Similarly, the more broadly spaced contlmes below the track suggest



flatter terrain, more suitable for laying additibtiack; however, if this area is very
low it could be subject to flooding, so engineersuld have to determine the
suitability of the surface material for supportengy additional tracks.

Diesel train engines cannot easily climb gradegpse than 2% (Beranek);
therefore, new rail sections must closely matchdlevation of the existing track.
The advantage that lidar data provides to the desigs the ability to repeatedly
extract height differences directly from the or@irpoint cloud. The 75 ft. cross-
section in Figure 7 can be moved to any point térest so that the surveyor can
examine details at any point along the scan.

/
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Figure 8: Cross-sections showing top rail elevatompared with lowest point along
rail corridor.

Figure 8 shows elevations extracted for the top aad low point on cross-
sections of the scanned rail corridor. These csestions can be easily cut at
whatever position and frequency the user requires.

To acquire this data in the conventional way, asymr would have to set up a
Total Station and traverse for each cross-sectibme resulting cross-section
measurements apply only to those points surveydigerCareas of interest require
separate surveys. This limitation can be contrastgtd the multitude of data
acquired in one pass by the Lynx Mobile Mapper. Tiser can confirm elevation
measurements at any point of interest along the ganoving a cursor in the post-
processing interface. A Lynx data set provides mmpeently searchable data base
after each survey.

Hydrostatic / Hydrokinetic Monitoring

The topographic maps generated from the Lynx MdWdégper can also be used
to monitor existing drainage patterns along thektiaed. Several sources—Langley



et al, Beranek, Hay—stress the importance of prdpainage to the stability of the
sub-grade material supporting the railway track.

In the United States, standard gauge railway t@misists of individual 39-ft.
long sections spaced 56.5 inches apart. These gidilsn rough timbers that are
embedded in ballast that consists of sand or grygorted by sub-grade material of
a highly variable quality. The variable qualitytbe soil in the sub-grade material is
usually site-specific, as this material is builtfopm the area soil surrounding the rail
corridor.

The main purpose of the track is to disperse thkase stress of the train wheels
to a point where the sub-grade material can suppofHay). Hay states that
reasonably firm sub-grades have a supporting cgpatiabout 20 psi. If the sub-
grade material, upon which the rail track rests,uredermined by water, the
supporting capacity of the soil can be greatly cediufrom the 20 psi level.

The concentration of stress that a track must digpés a function of the
combined speed and weight of the vehicle traverdinglhe sub-grade’s ability to
support rail traffic diminishes over time due te ttyclic nature of the dynamic load,
inappropriate vehicle speeds and/or weights, aeraeation of the track or sub-grade
caused by prolonged exposure to extremes in weattteclimate.

The topographic maps generated by the Lynx pooudldata contain a wealth
of information essential to designers. The mapsseame as the basis for analyzing
current water flow patterns in the rail corridouc8 flow patterns will indicate where
the sub-grade material is at risk of being undeechithrough erosion by flowing
water, or through the capillary action of watersail. This last consideration is
especially important in environments that expemrefreeze-thaw cycles, and where
the soil is made up primarily of a silt-clay comdtiion, as in many parts of southern
Ontario.

Rail corridor monitoring

Every railway line is unique, in that each suppatsite-specific ecosystem.
Various components of an ecosystem can becomegmnalic when they impinge on
the safe and efficient use of the railway corridémchecked vegetation growth (e.g.,
massive tree roots) along the rail corridor canennmuine the stability of the sub-grade
material. On the other hand, some vegetation can@bvide a needed mechanism to
resist the effects of erosion. However, dependmgheir location, trees along the rail
corridor can also interfere with passing trainsolmgtructing the free passage of rail
vehicles.

In the United States, the maximum height of railwaeshicles is 15 feet, 6
inches, with a maximum width of 10 feet, 9 inchel®robin). Using the lidar data
collected outside Tulsa, Oklahoma, measurementgefheights close to the rail line
could be ascertained. Figure 9 shows the height disthnce of various trees
measured from the top center of the closest rafigathe surveyed corridor.
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Figure 9: Various tree heights above top of rdisplistance of trunk from top center
of rail.

The measurements shown in Figure 9 indicate tleethre potential problems
with some of the vegetation alongside the trackekW'lihe height of the vegetation is
less than 15 feet, trimming or removal may be nesgs

Figure 10: Height of overhead wires above top aemiteail.



Along with natural obstructions, man-made featwesrhanging the track may
also pose a risk. Figure 10 shows the measureahdistirom the top-center of a rail
to overhanging wires above. The clearance betwestracks and the wires limits the
height of rail cars that can travel along this line

Conclusion

At the time of this project, the client had expegbka desire for an overall “proof
of solution”. Therefore, the data acquired hererwsyet been subjected to the rigors
of systematic testing. Nevertheless, it was dennatest that terrestrial-based mobile
lidar offers untapped potential for myriad usessurveying railway infrastructure,
including:

— Surveying an area of interest quickly, safely, cadintly and without the
larger scale interruption necessitated by traditicurvey methods

— Rail corridor design

— Rail corridor monitoring

— Hydrostatic and hydrokinetic monitoring

— VWolume estimation (amount of fill needed to add floe construction of a
new spur line)

— Extracting height differences repeatedly from oompcloud

— Measuring the height and proximity of trees and +meule objects
surrounding the rail right-of-way.

Presently, additional projects and demonstratianstl@er locations are being
scheduled. Considering all the recent discussigarteng investment in large-scale
infrastructure projects, Optech looks forward torkimg with surveyors and
engineers to provide them with the best tools foproving rail infrastructure
quickly, efficiently, accurately and safely.
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USING LASER SCANNING FOR ESTIMATING MINE OUTPUT VOLUMES
AND 3D MODELLING OF GEOLOGICAL SITUATION

Vladimir A. SEREDOVICH, Alexander V. SEREDOVICH, khael D. KOZORIZ,
Russian Federation

Basic indicator of mines efficiency is the volunfetive extracted ore or rocks.
Mine surveyors estimate the volume in the procdswark, this being an urgent
problem. The accuracy of work (with traditional\geying methods) amounts to 3 — 5
%. Incorrect output volume determination may resultarge financial losses of
enterprises. Nowadays it is a good practice taatsé station and aerial photographic
surveys in mining for surveying mine workings antbrage yards. Aerial
photographic survey is conducted several timesa ye major deposits. But the
current problems are solved by means of land ssrveth significant errors caused
by complicated forms of mine fields, which are idifit to take into account in total
station surveying. Besides it takes a long timedaduct it. The way out may be
found by using high-efficiency remote measuring idey i.e. terrestrial laser
scanners. They are three times as fast as theidrediland surveying methods as
concerns mining fields surveys. Moreover the tetdgofacilitates and improves 3D
modeling of deposits.

The paper presents the experience of SSGA (Sibestate Academy of
Geodesy) in surveying the manganese mine of 20000Bym and about 25 m depth.
The survey was conducted to determine the volumerefand substitute rocks
extraction. 5 scanning stations were used and measumts were made from mine
edges without lowering.

Figure 1. Mine models developed in different pesiod time

On the basis of the given models the volume of é¢xé&racted rock was
determined. The density of the model nodal poigt8.5 m that testifies to the high
accuracy of the volume determination. It seemsdanexpedient to achieve such
density and detailization of the relief descriptiosing total station surveying. The
volume was determined by comparing two models usipgcial software. The



models were given to the enterprise mine surveyicein AutoCAD format to be
used in further work.

In the process of the given works the specialiateecto an idea of developing a
3D model of the deposit geologic structure and matgit with the 3D model of the
mine surface. The idea was successfully realizéalgudigitized geologic sections
and tying them to the set coordinate system acagridi the test boreholes and pits.

Figure 2: Geologic drawings in AutoCad format

On the basis of the sections 3D models of ore Isodere developed and later
matched with the results of scanning.

Figure 3: 3D geologic structure of the mine



The developed model may be used for efficient wpt&nning,
presented techniques allow keeping a record ofihe output volume.
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CONTROL OF HIGHWAY AND RAILWAY CONSTRUCTION AND REPAIRS
USING TERRESTRIAL LASER SCANNING

Vladimir A. SEREDOVICH, Alexander V. SEREDOVICH, Arey V. IVANOV
Russian Federation

In the course of the regular city highways constomcand repair it is very
important to control the quality of the work fultl by the contractors. Violation of
construction techniques and economies in materesslt in the rapid wear of the
pavement and, thus, to the significant financiak&s. The Siberian State Academy of
Geodesy presents the techniques for the controigbfivays construction and repairs
using terrestrial laser scanning. By far severanketers of Novosibirsk streets have
been surveyed by the given techniques.

For the purpose we use the car with the platformiterroof, which allows
mounting a laser scanner on it. This results infdlHewing:

1. The scanner is mounted high relative to the roadveaychieve better
observability and reduce disturbances in scanrmged by the traffic.

2. The works are more efficient as the scanner masnteed from station to
station by the car.

To transfer the scanning data into the unified eaystof coordinates the
compilation survey of the site is conducted in ploents to be saved for a long time.
In cities the marks can be immured in buildingslsvahd foundations, the existing
wall marks can be used as well.

As a result of the survey conducted by the spetsalof SSGA the “points
clouds” were produced for both the pavement andgtineunding objects (Fig. 1).

Figure 1: “The cloud of points” produced in the gmiof the roadway survey.



The given clouds of points were then filtered tmoge measurements of noise and
those irrelevant to the pavement (Fig. 2).

Figure 2: Model of the highway.

Filtration was made semiautomatically using spesatware. On the basis of
the filtered “points cloud” the triangulation mod#lthe road surface was developed.
The model is used for:

1. Modelling the road surface and making sections. (B)g

2. Estimating the volume of the conducted road repamks (Fig. 4).

Figure 3: Road surface section



Figure 4: Estimation of the conducted road repasiame

It should be noted that the road repairs volume Imayestimated by several
measurement cycles to be carried out at any sthgeao building. Due to the
advantages of laser scanning the presented te@majlow conducting accurate and
prompt road improvement control (up to 1 — 4 knnazfd survey a day).

The above mentioned techniques may be applieduntgoroads and railways
both for control and certification.
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CARTOGRAPHICAL SUPPORT OF STEADY DEVELOPMENT OF
TOURISM ON TRANS-BORDER TERRITORIES OF RUSSIA AND
MONGOLIA

Leonid A. PLASTININ, Nadezhda V. KOTELNICOVA, BorN. OLZOEV, Russian
Federation

Key words: digital map, tourism and recreative, steady devalaq, GIS.

The steady development of locale is one of theripyitasks of the modern state,
as in many respects depends directly on the smoacenic and natural factors. In
this connection the modern tool is indispensablgckvone completely would solve
the given problem. We offer as such tool — creatibran intelligence system of
steady development of tourism on trans-bordertteiels of Russia and Mongolia.
The special place in solution of this problem isstaby national parks “Tunkinskiy”,
engaging southwest territory of Republic Buryat§@B) and adjacent with it —
“Hubsugulskiy”, posed in basin lake Hubsugul.

In 2007 in centre «SIBEK» the electronic recreatared tourist card of a
national park “Tunkinskiy” to scale 1:200 000 wasated. Now in centre the project
of a card of Kabanskiy’s and Pribaikalskiy natwaatl cultural heritage objects (scale
1:500 000) designed, and also form a card of Heiy'ssnatural and cultural heritage
objects in districts RB to scale 1:100 000 andesemf educational electronic
ecological cards RB to scale 1: 1 000 000 thatlamdscape and ecological map, map
nature usage and recreative and tourist map.

The experience of creation of electronic maps aylarih module of offered
districts will be necessary in creation of an iigeince system trance boundary of
territories of Russia and Mongolia on an examplaaifonal parks “Tunkinskiy” and
“Hubsugulskiy”, providing steady development ofrismn at an international level.

Let's consider criteria, on which one estimate dstedevelopment of locale
[Vikipediya]:

— Rational maintenance of natural resources;

— Favourable directions of the investments;

— Orientation of technological development;

— Institute of change.

Rational maintenance of natural resources is masaictivity of the person on
learning, reconnaissance, primary processing (ement) of natural resources with
the purpose of their direct consumption or suppgrthem of an industrial orb with
allowance for of main ecologic and economic, soaiadl nature protection criteria
and limitations officially adopted by company.



Favourable directions of the investments are thiegaetive tourist projects, the
resort economic programs etc. Long-term nestinghefnvestors can be directed on
building of sanatoriums, bases of rest, hotels,ptag) balneal complexes and other
tourist objects. The development of the investmprdjects has a high social
significance: the job-security program of a greanhgnof the able-bodied population,
and also will entail strengthening an infrastruetand economicses of district, that is
apart important in conditions of instability andaomic crisis.

At creation of a recreative and tourist zone omittey of district the forward
reachings of a science and engineering, and also geongraphical information
technologies — digital maps with permanently erddrgnd updated units of databases
should be utillized. Such intelligence systems alow the expert of any
technological area to receive the staticized infdrom on recreative and tourist
resources of district.

Under institute by changes the constituent of mees of social economic
development is meant expressed in development Aadge of social institutes
[Institute of Change]. At implementation of intramkd changes in an orb of tourism
the different services and offices will be createtlich one can be independent, and
at management of district. They will be carried autontrol, handle and level of
development of tourism of district, and also depeatent of the different projects and
programs.

If to follow all these aspects at creation of ratinee and tourist infrastructure,
there is a possibility to minimize social, econoraitd ecological expenditures, and
iIn a consequence steadily to develop tourism araeafion on trans-border
territories.

On researched districts of geographical informati@pping it is possible to develop
following sorts of tourism:

— Ecological tourism and tourism in conditions of thatural environment,
nature support of excursion;

— Rest at tourist centres and zones with a develagsdurce base and
infrastructure of fissile tourism, physical cultued sports;

— Rest in wood and park zones;

— Rest in specialized tourist complexes of a famypget with a developed
resource base for occupations and entertainmerntsildfen;

- Winter tourism;

— Medical and improving tourism on health resorts;

— Agricultural tourism;
Cultural — cognitive tourism.

Both districts of mapping are close on natural emments both degree of
development of economics and social orb. Theretweation of a cartographical



frame of the data of territories will allow to ddeithe social economic tasks and to
perfect foreign traffics.

Consider briefly contents of an electronic recrgatand tourist map of a
national park “Tunkinskiy”.

The electronic recreative and tourist map of aomati park «Tunkinskiy»
includes units topographic and subject contents. tbpographic units represented by
occupied points, road network, hydrography, contmagetative integument and
grounds. The subject block is entered by recreatimd ecological complexes,
recreative and tourist objects and exogenous psesesf contour derivation. At
mapping the comprehensive approach will be utdljaghich one allows to estimate
binding and space allocation of subject objectth® precisely localized objects of
topography (terrain).

In common, electronic recreative and tourist mapsomplex tourist maps
intended for orbs of tourism, science, derivatimature protection activity, bionomics
and managements.

The scheme of contents of electronic recreativetandst maps is offered. In
the offered scheme of a contents the methodologicaiciples of creation of
geosystems encompassing by system mapping by aschmel fundamentals
(recreative and ecological complexes) and exogepmesses of contour derivation
In interaction with tourist and recreational obgeate considered.

The introduced principles can serve as a sampleréation of electronic maps
of tourism and recreation of a national park “Hujpdakiy’, and also at more
detailed mapping of characteristic recreative auglist resources for concrete district
in larger scale. Also in a recreative and touridt the special section “natural and
cultural heritage” of mapping districts is selegtedhich represented historical,
religious, cultural, ancient and natural objects.

In the offered scheme of a contents the methododdgirinciples of creation of
geosystems encompassing by system mapping by aschmel fundamentals
(recreative and ecological complexes) and exogepmesses of contour derivation
In interaction with tourist and recreational obgeate considered.

In 2007 the operation on creation of a Series @ftebnic educational ecological
maps RB to scale 1:1 000 000 started will are ectat directory systems permitting
to fulfill search of the indispensable data, andldes to use, having knowledge in
the field of common computer science.

The names of three electronic educational ecolbgiaps were represented
above. One of them is a map nature usage RB, imichow the person will utillize
natural resources and what effect renders on tharalaenvironment. There is a



map — insertion “Characteristic of districts natusage RB”, on which one
Tunkinskiy the district concerns to districts agtiaral, recreational, wood trade
nature usage [Map nature usage, 1998]. Allowinggilien information, it is possible
to speak about factors in development of tourisbqué a quality of life of the
population, about a degree of development of aasodrastructure.

The electronic (digital) map represents the systénnterdependent subject
coatings and stratums generator spatially — omknbe database. It becomes a
collection of bound databases formed on a unifoomceptual and methodical basis.
Such database is supported by tools a hybrid mqgoedmitting to solve the user's
tasks: to produce on the basis of base maps uetinsét of derivative maps both
other output illustrative and account materialsliferent sort and contents.

The electronic maps, created by us, representatligeneral purpose working
spaces, which one consist of a number of coatimgssératums, included in them.
These spaces open for input of the manifold andsnmltaneous digital information
about any objects nature usage and landscape atagieal processes, and, as a
matter of fact, represent a regional intelligengsgem.

As a whole, it is possible to mark, that there alendispensable conditions for
steady development of tourism in offered districts.

In a period of 2004-2009 year the major size oftéxt, statistical, graphics and
departmental information about districts and it is accumulated, that will allow
to create the directory system.

The steady development of tourism is reached ageusaf the complex
technological product by the way GIS. As the Gl& isombination different space
and attributive of the data of territory, that elealto fulfill different inquiries, simple
and composite calculations, build-up of models, penzones etc.

The GIS solves the tasks of handle, organizatioact¥ity, territorial planning,
development of an infrastructure, therefore withe tipurposes of inducing
development of an orb of tourism and creation efrtitodern competitive tourist and
recreational complex state policy of Republic Basga is directed on
implementation of the following strategic taskstba basis of the cluster approach:

— Development and rise of competitive strength obarist cluster through
inducing of business — cooperation and state ardtprpartnership;

— Creation of a modern tourist infrastructure, inahgd transport support,
comfortable hotels, industry of entertainments, tawburable business — climate for
development of tourism by means of contributingteparation of the skilled frames
and implantation of information technologies;

— Rise of notoriety of the tourist product of RepuabBuryatiya through
promoting brands of Baikal in the global touristrikeds;

— Creation of competitive tourist products on a basisst of strong tourist
assets by means of installation of the long-tert@riregional and international ratios



on development trance boundary of the tourist pébhsthe tourists traveling on
North-east Asia,;

— Saving and development of natural and cultural erigpon the basis of
balanced ecological economical of technologiesghbgment of norms marginal of
recreational loads both rules of organization ofitom and rest on the Baikal natural
territory.

In this connection it is possible to draw a conidasabout steady development
of tourism at a level of its organization and depehent on the basis of creation a
GIS.
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APPLICATION OF LASER SCANNING IN MINE SURVEYING

Anatoli L. OKHOTIN, Russian Federation

Key words: laser scanner, 3d model, mobile laser scanningesgs mine
surveying, aerial survey, GPS-GLONASS.

Laser scannergiften referred to akidars, are comparatively recently become
be to use in mine surveying. Their application imilar to that of for surveying
works, but there are also some differences.

According to the types, scanners are divided ineviaf terrestrial and
underground.

Aerial scanners are intended for surveying of edgenareal and linear objects.
In mining the new areas of designed mining comare&isting open-cast mining
sites and collieries, oil and gas pipelines, roah& power transmission lines are
related to such objects. Formerly the similar olsjeeere mapped by aerial surveys
and there was no other alternative for a long time.

Undoubtedly, laser ranging has a number of advastaxyer aerial surveys.
Thetechnology of field works is simpl&fter a short processing the coordinates of
surveying points are got in a user’s coordinatdesys The quality assessment of
field works including a completeness of laser rmien point clouds and
orthophoto mosiacs is performed at the same asuavey flight's day that
sufficiently reduces a scrap rate, preliminary grsurvey works, and eliminates
the necessity for ground control points. Only aifed number of GPS-GLONASS
base stations are required for laser scanning. @wara lidar’'s navigation block,
the direct geo-positioning method is used to prevwith coordinates of laser
ranging. The rate of cartographic works is 5-10 esmhigher than that of
traditional technologies. The accuracy of lasemaaay as proved from practice
meets the requirements of “Guidelines for Mine ®ymg Works”. In this case a
survey team should strictly follow the standardsderial surveys and calibration
procedures outlined in corresponding manuals iaillet

The productivity of laser scanning is very highisltreal to survey in a day 500
km for linear object and 1,000 km for areal objecs vital difference of laser
ranging is a possibility of night work. A key featuof this technology is its
feasibility to survey a forested territory and sitaneously to generate a digital
elevation model as well as to survey a territoryhva slight relief and absence of
marking situation.

As an example we may take our project realizedahku¥ia. The ore field with
the area of 200 sg. km was taken as an objecaser Iscanning survey. The gold ore



deposits have been mined there for a long timecbnomic recession the gold was
extracted with procedural violations of mining ogens. Selective mining was
practiced. The mine surveying documentation wasusaentiously maintained and
partially lost. At the moment of surveying the &nrhad a lunar landscape with not
clearly defined contours. Traditional surveying wasctically unacceptable. The
work was started on August 10, and on Novemberflibe same year we handed
over a final survey report together with accompagydigital topographical plans at
scale 1: 2 000, orthophotos, digital terrain modaisl 246 mine survey sheets. Our
competitor participating in the same tender waslyda carry out the same volume
of works for 18 months using classical aerial survidaving got cartographic
materials of good quality, the enterprise has wibrdet a project and extracted about
3 tones of gold for the same months.

We have done a similar work at a gold ore deposiRalei Zabaikalsky Region.
The area of 50 sg. km was covered by aerial suowdy for three flying hours. The
office processing was finished in three weeks.

== |

Figure 2: Orthophoto and map fragments




The economic efficiencgf laser scanning is verkiigh. The cost price is
considerably lower than that of for aerial surwy are the budget expenses drawn
up according to traditional price lists? There isi@mple explanation: they haven’t
been drawn up for laser ranging yet. A profit ig@d impetus to develop and
implement the innovative technologies and to puselite expensive equipment.

It should be mentioned that laser scanning has ditsalvantages as well. The
process is strongly depended on weather conditibms.influenced by precipitation
and high humidity, low cloud and fumulus. There spene restrictions on the flight
height. The laser radiation is dangerous for humas. However, all disadvantages
should be related to the technology merits. Therdgbshould be also remembered
that many of them are inhered aerial survey.

Land laser scanning has been successfully usegemaast mining sites and
collieries. Scanner positions (scan positions) @eéned while the surveying is
planning. In this case the scanner is set up etthex tripod or a vehicle (mounted on
a mobile platform). There is no need in instrumeantering of leveling. Its geo-
referencing is carried out on the targets locatedl distance of 20-30 m apart of the
scanner. The target positions are defined by d &ittion or GPS-GLONASS
receiver. Laser scanner software is used for stigcbf point clouds from different
scan positions and creation a unified model. Tare¢gphotography is performed
simultaneously along with laser scanning, whichvegeras a sketch and allows
photographic interpretation in office.

As an example we can demonstrate the scanning Birgatiyan opencast
colliery occupied an area of 500 hectares. The teansisting of 3 persons (a
teacher and 2 students) has finished field worksttioee working days. Office
works have taken 2 weeks during which it was resgahat the team scanned
and mapped 70Mectares instead of 500 hectares. In addition aaitional
materials, 3D model of coal strip mine was adde®1M, a digital topographic
plan and a metal-mounted board.

Once we have faced a problem to estimate load#mpatructure’s geometry of
a new gold beneficiation plant’s in Bodaibo. Thatomer apprehensions were based
on the fact that at building phases three diffecggainizations were engaged in plant
development. Besides, there were processing fasildn all the floors shading the
building structure that complicated essentiallyeékecution of work.
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Figure 4: A topographic plan of opencast collieoynpiled by scan data

FlryhEEMmE Sk

e
+

L B N I



Figure 5: A view of the gold beneficiation plant

Finally, the problem was solved. The scanning tseaevas laid out round a
building and continued through all the floors. lioaed the creation of a unified
model where the columns, beams and ties were gisshed on. This model was
used as a basis to plot the measurement diagrammsi@sign deviations.
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Figure 6: A stitched point cloud for the gold beaiation plant
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Figure 8: An approval drawing

Fortunately, all the drawings were correct enougghaithin specific tolerances.



We faced the same problem on the Beryozovsky hjelttsee power plant
where it was necessary to estimate the structuzemetry state of the highest in
Russia industrial building 125 m in height.
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Figure 10: 3D model of load-bearing structures



The customer himself tried to solve this problemngsreflectionless total
stations for surveying purposes, but due to thepticated geometry of structures,
their inaccessibility and danger, he has givenhup ilea. We used RIEGL RIEGL
LMS 420i and finished the whole volume of works 1@ days.

Of great interest are mobile laser scanning systé&rscanner is set up on a
moving platform (a car, a ship, a locomotive, etdhe ready-made decisions are
known in the world. They are used by such compaasek| (Germany) and Optech
StreetMapper(Canada). We have developed our owsioveiof the system. It is
planned to be tested this year.

Laser scanners can be used in underground corglig@nwell. The main
distinguishing feature here is the necessity tm st only what is in front but next
to and above. However, it does not influence ondker scanning survey technology
and there is no need to make particular modificatio the technology. For example,
we carried out the surveying of extraction chamloerthe Tyretsky salt-mine.

Figure 11: A point cloud of for an extraction chanb

Figure 12 3D model and vertical chamber sections

One of the key complicated problems in mine sumgyis a regular vertical
shaft alignment. In practice, misalignments of slgaides are determined. A freely-



hanging plumb is used as a vertical. Here shoulthéetioned that the alignment is
complicated by the following factors: a verticabfitdepth, which is sometimes more
than 1,000 m, airstream turbulence, atmospheripghstion, and high job hazard of
working at heights in unconditioned situation. Teeision can be simplified if apply

an automated station for the vertical shaft aligmtmbut in this case it provides with
strictly limited volume of information that is neufficient for estimation of shaft

conditions. From our point of view, application lager scanning in a shaft would
become the best solution of this problem. In-sdstihg will be carried out in the

nearest future.

Welfare and safety regulations in mining demang@aoy out regular scanning
of capital closed work as well as its geometnyjtnaik conditions and underground
utilities.

Due to their long expansion and a large volume ofka, the mine surveying
service has not enough time for such works. We likexeloped a mobile scanning
complex for automation of these works. We are plagrio make its presentation
soon.

Among otherkey complicated problems in mine surveying is anaogy of
dangerous and inaccessible cavities. Such cawates lot of in chamber mining and
rise driving. At present, there are scanners ablscan the cavities at a distance.
Among them we should mention Optech’'s Cavity Momig System (CMS)
provides fast, reliable and efficient scanning nflerground cavities. By collecting
thousands of measurements per minute, the datébeamsed to determine stope
volumes, stope dilution, backfill volumes and ceeaketailed drawings and data
formats for use in any software workflow. With tlezent introduction of the wireless
feature, scanner operation can be controlled frosafa zone outside the cavity to
enhance operator safety.

Figure 13: A schematic diagram of the scanner graion
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Figure 14: An example of the underground chamttmhzontal sections on a pit of
the “JSC Kola Mining & Metallurgical Company”

Practical applications of laser ranging and las=mmsing in mine surveying
given in this paper were carried out with the ggwation of the author.
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NEW FEATURES OF AIRBORNE LIDAR DATA PROCESSING IN DTM
GENERATING, FOREST INVENTORY AND CIVIL ENGINEERING WORKS

Eugene M. Medvedev, Russian Federation

The modern aerial lidar productivity and accuracgveé increased greatly
recently, which makes it possible to achieve ppally new results while their
applauding for power line survey. This field of @stigation is typical for Altex
Geomatica company since 90th decade.

The new modules on power line processing are imecluohto software package
Altexis 7.1 and nowadays they are commercially lat’éeé. New program modules
provide the following possibilities:

— Almost 100% probability of wire detection, geopmsiing and vectoring
thru lidar points processing;

— Automated geopositioning of most power lines infastural elements:
tower, insulators with 1-2 cm accuracy;

— Automated tower type recognition by point cloudfafver frame model is
available.

— Detection of tower mechanical deformations and depa from normal
vertical position.

— Combining airborne and on-ground lidar survey afl a® thermal survey
for wire temperature measurement.

The new software features are achieved by applghgew mathematical
methods, in particular Kalman filter.

Nowadays there is no doubt concerning optimizabbriorestry management
and inventory. A good solution assumes intensive af high productive aerial
monitoring. Practical application of the monitorisglves two problems: allows
finding of actual forestry assessment and estimaféectiveness of regenerative
efforts.Leading position among other modern aenahitoring technologies belongs
to aerial laser scanning. Despite it common googoutedion, traditional aerial
photography can not be used widely in forestry tude fact that majority of objects
of interest are obscured by canopy and so areilihifor usual cameras. The most
prominent application of digital aerial photographgsumes a mixture of color
channels (red, green, blue and near infrared) ah suway that output image looks
like a film shot that allows experts to separae®=drby species and estimate health
condition of an individual tree.

Aerial laser scanning at contrary basing upon tliraage measurements by
means of coherent beam of light that allows exitngotlata under canopy including
land heights. Highly detailed and accurate infdroma about forestry geometry
available at any season for vast spaces allowstosese both well-known method of
data processing and new ones for upcoming techmeslog



Traditional usage of aerial laser scanning datamss modeling of canopy
height over a relief, which allows applying elaldechtechniques of statistic methods
in forestry. In this regard modern algorithm ofdagata processing permits to
specify the canopy model up to a separate tredirgfafrom highest trees and
finishing at underwood. Moreover, this algorithnoyides additional separation of
trees by species. As a result, it is possible &rate not only with forestry statistics
but a separate tree model as well, that greatlseases accuracy and efficiency of
aerial monitoring.

There is another novelty concerning the use ofa set of laser beam reflection
during forest scanning which, in its turn, allowsdelling forest layers with a high
accuracy. Basing upon laser beam propagation dlettren, it is possible to expand
layer model at total area to realize biomass assgs
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MINING AND ENVIRONMENTAL MONITORING OF CLOSED MINES IN
KUZBASS

Anatoly D. TRUBCHANINOV, Olga A. YAGUNOVA, RussiaRederation

Key words: technology massif, collapse, degraded surfacedéd territory,
mining and environmental monitoring, gas emission.

SUMMARY

Mass closing down of coal mines in Kuzbass neededtry out the monitoring
for shifting and earth's surface deformations irulie with gap appearance; for the
process of technogenic rock massif flooding andegaissions.

According to long-term monitoring several formsydis and stages of coal mine
fields collapse, when wholly or partially flooddthve been offered. It was revealed
that toxic gas emissions and sewage water pollitazha cyclic character. The filter-
capacity properties (hollow coefficient, water flownd etc.) of working mine areas
were determined, as well as the time and speddadihg.

The programme of coal mining industry restruction Russia has been
accomplished since 1993. It is tightly connectethvalosing of unprofitable and
dangerous mines. 43 coal mines have passed thtbiggiestructure in Kuzbass.

Mass closing of unprofitable mines revealed sonwetechnogenic factors in the
region. These factors are connected with residhahpmena: pollution of bottom
and surface water, noxious gas emissions, collapsgne fields surface, appearing
craters and cracks, and territory flooding.

The Kuzbass Industrial and Ecological Security Mamig Center has been
established in 1998. Its purpose is the assessofigggomechanical conditions and
technological surroundings; monitoring for gas armader state and changes in time in
Kuzbass; fulfillment of mine-ecological monitorimgprk.

In Kuzbass the above mentioned monitoring is cdroet to determine the
deformations and technological environment of alodewn mines along with the
following:

— The residual land shifting while the mines wereofled in the Anjersky
geodynamic proof site (land shifting monitoring);

— Gap appearance, obtained from advance preparatokscleaning works
and for the fixed volume of filling up works (mirgrfields collapse monitoring);

— The content of inert gas and carbon monoxide irciagpegas emission
boreholes and mine workings (gas dynamic monitgying



— The quality ground sewage water, coming out oneodinface through the
immersed pumps or by self-streaming through spemale workings (hydro
chemical monitoring);

— The flooding level of mines through special minerkirogs (ground water
monitoring).

According to KCMPEB 13 coal mines are wholly flodd®e Kuzbass; in 8 of
them colliery water flows in the river-net by iteeln 15 mines the safety level of
flooding is maintained by the immersed pumps; imeotl5 partially flooded mines
water comes to the ebbs of operating shafts fanéuiflowing in the river—net.

The residual land shifting, taking place due toftbeding has been studied in a
special proof ground of the liquidated “AnzhersKagad “Sudzhenskaya” mines in
the form of ground profile line of soil bench-marK$e residual ground shifting on
the repeatedly exploited plots of surface, theanability of surface between the
mines in the barrier pillars area, the residuakgildgnce impact on the main railroad
Moscow-Vladivostok, the dwelling area have beenneded and are of a great
interest. Analyzing data for the last 10-year oae determine that shifting level,
occurring in ground settlings and risings do nate=d 200 mm with actual leveling
error of 6.8-7.3 mm.

Besides of ecological improvement in the regions{dand methane emissions
reduced to 25%; sewage water flow — to 30%) closingj flooding of mines activate
such negative consequences as: getting out thiengeton the surface, coal gas
exclusion, flooding of the surface, pollution ofterabearing horizon and etc.

Monitoring for the degraded mine fields of the e@danines is mainly based on
the question of mine rock displacement, on gas sams and territory flooding of
different geological and mining layers.

One should distinguish forms and kinds of collapsedace: gaps from cleaning
works; gaps from preparing works, done at a litepth (before 50-70 m); from
opening works; split zone adjoining to ruptured eadmrough which mine gas
drainage is taking place; unsewered moulds, leattirgpason or constant flooding.
According to SF VNIMI data there are 4650 collapseard zones in closing mines
of Kuzbass; 70 % of which are conventionally hazimosn opening works. Taking
into consideration the information of 2006 the ditgrof dwelling houses in these
zones amounts 815.

Large amount of mining fields, as well as collapsgard zones, come through
splitting stage. Mainly these traces can't be fixemially, but however through these
available gaps there is a different tense contatiwden ground and surface water,
between fire-damp and atmosphere.



In a whole the breakdown process of exploited ngraarface may be defined to
the following stages: at a little depth (about ZRDmM) there is an active drainage of
the working areas due to hydrological regime chanmgfesurface and ground water.
At the medium and large depth (about 450m and mtbre)breakdown character
changes: the splitting is fading or becomes |d8at.due to surface relief and ground
covering capacity the role of the relief changinthwinsewered moulds formation is
raising.

According to SF VNIMI data in every closed mineKunzbass the forecasting
collapse hazard zones accounts from 0.7 to 19%nwhe allotment area, that in
average is from 5 to 95 ha. Such discrepancy ia acdlapse depends upon many
geo-mining and other factors.

High gas danger together with high surface crackimgsome mines and
potential gap appearance don’'t permit to make thst rafficient use of territory for
different kinds of construction. It is needed a ywexxpensive exploration of
conventionally hazard zones in gap outlet with dwlas well as the implementation
of expensive liquidation methods. After recultieatiof mine workings the areas of
closed mines should be used for long-term pastin@gdands, green zones, gardens
other type of cultural agriculture.

Special engineering and preparing work of territ@@yneeded for country-
cottage and low-storied constructions as well asinting of security clay screens,
which defend from gas emission and building clogatters and pipes for sewage
water out of construction area.

Gas emission monitoring has been conducted in 88edl mines of Kuzbass.
According to the approved programmes some air sssripk methane and carbonic
gas content with further analysis had been takée.dbjects of test were: main mine
vents with mounted gas drainage tubes; basemergsomdl buildings and dwelling
houses. By systematization and analysis of thernmdtion is revealed that mine gas
concentration has a variable character and is eividue to its gas emission
character: with sharp fading; with recurrent insiag of concentration and with even
cycling.

The objects of hydro chemical monitoring were: mimater before and after
cleaning; river water before and after sewage ifagikind refining works. In 15 or 20
Kuzbass mines monthly, but in high water weeklyngies for toxic ingredients were
taken. They investigated the content of suspendbdtances (SS), BPK, HPK, oil-
products, sulphates, iron, nitrates, nitrites attteis. The quality of such tests for
every index consists of 230-250 pieces yearly akdrt analysis of about 3300-4500.

Taking into consideration the 10-year data it maycbncluded that in time there
Is a regular cycling in most ingredients of sewagéer and their unsteady character.
There is a common tendency of reducing ingrediaricentration to maximum
allowable norms. All 43 closed mines in the regrere the objects of ground water



monitoring. The level of flood changing in 26 miness inspected in time, then
summarized and analyzed. The information, whichedixthe dynamics of

developmental flooding in those mines, is the m@stiable. It helps to reveal and
determine filter-capacity properties of working asefor engineering arrangements,
that provide environmental and production security.
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SATELLITE MONITORING OF MOBILE OBJECTS

Evgeny V. KLEVTSOQV, Valery S. PANKRATOV, Russianderation

Key words: Satellite navigating, geoinformation systems, rtammg of mobile
objects.

SUMMARY

The operating navigation GIS for cities of Irkutskngarsk and Shelehov,
providing monitoring of moved objects, is consider&/hen creating maps of these
cities, the partial refusal from the character mapd transition to the map
photographic was used. Also to user the possilgitgubmitted to be on a map, to
come nearer to the selected object and in detailddiconsider.

One of the most modern innovations of technologrented to a broad circle of
the users in many spheres of human activity igebbnology of satellite systems of
positioning (SSP) or navigational systems. We ustded positioning processes of
measurements executed with the help of satelli®esys with the purpose of
determination of coordinates of finding of the dp&ar or object in three-dimensional
earth space [Serapinas, 1997].

One of the spheres of application of SSP technolsgthe urban transport
systems. By virtue of territorial distribution thelyecome by ideal object of
automation by means GIS, as space component isatineal basis of integration of
the various tasks having the attitude to transploet's consider some of them
[Andrianov, 2007].

The standard optimization tasks of transportatitask( of logistics). The
simplest task is the delivery of freight from poartd in point on the shortest route
(or route with the least cost). For its solutionsitnecessary to have downlink and
topology of a correct road network. The followingsk is the direct-sales
representative. It is necessary to go round prasaber of points for minimum time
(or at a minimum path length). In this task the sdattors, as in the task of search of
the shortest route are taken into account. Andlast, classical transport task
requiring such organization of routes of transgmtes, at which the demand of
customers in transported from the suppliers (mantufars) the product will be
completely satisfied at the least total cost afig@ortations.

The geoinformation technologies allow not only tarptransportations, but also
to inspect them: to find out deviations from thbestule of motion, to arrange to their
elimination, to predict time of delivery and toanf the customers.

Some of such tasks:

— Analysis of transport load and condition of a rohath;

— Monitoring motion;



— Assembly of statistics on performance of a subeaiteith road network;
— Analysis of emergencies;

— Planning and analysis of an enroute network;

— Scheduling;

— Coordination of time-tables with other types ohsport.

Since 2007 the faculty of an engineering geodesy aartography of Irkutsk
state technical university (EGISTU) together with the company «Magic Systems»
develops the project called "INFOSITY" [Plusnin(03). The purpose of the project
Is the creation of a multi-purpose geoinformatigrstem integrating in a large
spectrum of various geotools. "INFOSITY" — chargeef geoinformation software
product containing valuable three-dimensional maufetities of Irkutsk, Angarsk
and Shelehov, telephone quick reference contaimage of 8000 organizations and
firms, geobound virtual panoramas both photos tf and organizations, and as
initially built-in valuable on-line tools of monitmg of any mobile objects.

The executed activity consist of creation of asport (automobile) navigational
system for agglomeration of Irkutsk — Angarsk — I8hev, basing on a carefully
executed map of the pointed cities in a scale 10d@ The cartographical activities
are executed by the employees EBTU. The maps composed under the data DL
from satellites EROS-A and EROS-B with the spataiction on district 1.9 and 0.7
meters accordingly.

Standard procedures of processing Satellite snépsand high-precision
coordinate binding of the maps to the topographieesis previously were executed.
Then the automated decoding of objects of spageskios is made: structures, roads,
reservoirs, sites of wood vegetation with subsetjeexropuzanueii of objects and
formation of a data base (DB). The created DB alam information system to
execute functions of the electronic quick referencearch of object to the address,
name, and telephone number.

At creation of maps agglomeration of cities the rapph distinguished from
creation of conventional maps and the atlases wpked. The partial failure from
the character map was used and in a number of eseaggsranched to the map
photographic, a capability the user also was sitedldo be «on a map», being
transferred on it [Berlyant, 2006]. For this puspdhe data placed in base, did not
limit by a usual text — digital signature. In thasis accommodation of the additional
information as virtual panoramas and virtual rouisdacorporated.

Virtual panoramas and rounds — one of most effectiv present of ways of
representation of the information, as they allowkimg the fascinating of virtual
excursions and create for the user full illusiorpdsence. So, in a course "of travel”
it is possible to approach or to remove any objecipok round on the parties, in
detail to consider separate details of objectutwesy a panorama from apart, to look



upwards — downwards, to come nearer to a seledsd pr to be deleted from it,
through active zones to be transferred from one@amna on another, for example,
“to take a walk” on separate premises etc. Andtta#l it is possible to do in the
necessary rate and in the order, convenient pkatioser.

The basis of virtual round is made by (with) sptariphotos (panoramas)
giving a capability of the full review (view) “arod of” (36(x360 of degrees).

There is a capability to add anyone three-dimermionodels (if necessary
transferring in real time). In the current versidinere are the examples of
accommodation of buildings, bridges, building sitsps, and also publicity boards.

(Fig. 1).

.
Fig. 1: A fragment of a three-dimensional map (tski

In further it is supposed to cover more than habfearea of cities real 3D with
models of buildings and facilities, the activity the given direction conducts
permanently. For increase of productivity of a egstthe radical optimization of a
load and response of the program will be madesdaech capabilities are processed.
Updating a system 2 times per one year is supposed.

In a geoinformation system "INFOSITY" the on-lineols GPS/GSM of
monitoring of any mobile objects is built initialyin. (Fig. 2)

There is a capability to inspect site of objectsaal time, to view routes of
movements for any period, and as to form the repmfrmovement for any period.

As a result of activity above the project "INFOSITYnaps for usage in
navigational devices of corporations GARMIN, NAVIGBR with the established
program NAVITEL are also developed. The data of apmallows automatically to



create a route of motion in view of an urban detingpto make address search and
other functions dependent on the software estaaighdevice (Fig. 3)
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Fig. 2: A fragment of a map with a function of mimming of a vehicle
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Fig. 3: A fragment of a map from the navigationavide GARMIN with the route of
motion

In final realization of the program all capabilgief security monitoring, control
of fuel and control of activity of any aggregates egears, removal, review and



storage of photos from cameras connected to dewitidlse added and as social tools
(capability to add the friends and to see theieotsy on a map in the access).

Thus, the system "INFOSITY" integrates in itselfedactronic map, function of
the electronic quick reference, advertising meand, means of monitoring of mobile
objects.

Let's summarize. As a result of performance “INFDSIwe receive data sets —
linear objects displaying a trajectory of motionatifvehicles, connected to a system
and dot objects — units displaying place of a stoautomobiles. The system records,
in what instant each of machines is in the giveintpan a track (or on “parking”) and
saves a trajectory of motion of the automobile DBaof dispatching center.

We already spoke, that as a result of broad dertfentransport information is
valuable resource, and the value her consistsydimg, in uttermost objectivity of
this information, that is determined by a way sfabtaining.

It is uneasy to see, how the available data cansee for the solution listed
before the tasks. Usage of the data of our SSRiistecal and monitoring the tasks —
purely system is obvious and is intended for thugopse. In the tasks of logistics in
main (basic) the exact electronic maps and analyt@pabilities GIS with connected
optimization modules are used. For the analysisewfergencies the data of
dispatching center about trajectories of motiametiand rates of the participant¥IR
are used. At realization of an estimation of tramspoad and condition of a road
cloth we use the data about total of passing aubdesy their characteristics (it is
possible, received from a DB of firms — owners ehicles or State inspection of
safety of road motion), characteristic of a roaatlg| including normative (received
from appropriate road services). The simple stasistalculations give the answer to
put questions, besides, constant and, on thesfght, the unmotivated build-down of
transport load on some site of a road can to yestdideterioration of a condition of
cover (coating) of this site etc.

The implementation of these tasks will require s@aéitional costs:

— Organizational — tolerance to data bases of thexested departments with
the subsequent granting of own results;

— Scientific — selection and analysis of availableadepments, adapting them
under the put tasks, determination of the necessgujries to a system and creation
for them of standard templates, and also creatioew algorithms and programs;

— Technological — assuring compatibility of a SSPhwigéceived or created
modules and, for certain, other costs to anticipatech occurrence now it is
inconvenient enough.

It is necessary also to mark, that the regular ioioig valuable space and
attributive of the information enables constanuakization of digital cartographical
materials and semantic data bases, capabilitynwflation analysis and "playing" of
a plenty of versions of development of territoriasg also their visual representation,



ecological monitoring, creation of the cartographicand semantic basis
multifunction territorial GIS.

Well and, at last, major for us a direction — tnagnof the students. We already
marked [Pankratov, 2008], as far as is more ae@nawith large interest the students
to learning process concern, when they in hand® magans of the analysis and
synthesis of objects of an investigated subjecagdsGIS as educational technology
allows receiving in essence new results. At usageoaventional technology of
training, for example, geography (maps, geograplaitas, statistical tables, and text
— description) as the final purpose memorizing sorakime of an educational
material is considered. At the best is a mastdomghe pupil of certain legitimacies
in spatial phenomena, and at usage of GIS-techmesddge trainee first of all takes
possession of the instrument of an establishmerbofmunications between these
phenomena — simulation analysis of process of foomaf these legitimacies. At a
level of modern methods of knowledge (computer &wimn analysis) there is a
reduction of a gap between state of-the-art ofiense on the one hand and contents
of the educational programs and, especially, theiplementation, to another
[Razumovskaya, 1997].

REFERENCES

1. Andrianov V.V., 2007. DATA+. GIS and transport. ReviewNe 3 (42).

2. Berlyant A.M., 2006. The theory of geomaps. - 262 pl.. GEOS.

3. Pankratov V.S., Klevcov E.V., 2008. Complex usagmate of exploration
of the Earth and geographical information systenthan educational process // The
receiving tank of the proceedings 8-th releaseblErms of mastering of mineral base
of Eastern Siberia. Irkutsk: publishing ISTU.

4. Plusnin U.N., 2008. Geographical information systamfositi». Electronic
resource: www.3dirk.ru.

5. Razumovskaya N.V., 1997. Usage of geoinformatiarhrielogies in the
system of common derivation, Newsletter, GIS Asstomn, Ne3 (10) 1997.

6. Serapinas B.B., 1997. Satellite positioning, NetsieGIS Associationye3
(10).

CONTACTS

Evgeny V. Klevtsov

Valery S. Pankratov

Irkutsk State Technical University (ISTU)
83 Lermontova UL.

Irkutsk, 664074

Russian Federation

Tel/fax: +7 (3952) 40-51-03

E-mail: v11@istu.edu

© E.V. Klevtsov, V.S. Pankratov, 2009


http://www.3dirk.ru/
mailto:v11@istu.edu

ABOUT DEVELOPMENT OF BASE CONDITIONS OF FORMATION OF
REGIONAL INNOVATIVE SYSTEM IN NOVOSIBIRSK REGION

Gennady A. SAPOZHNIKQV, Boris I. IVLEV, Russian Fedtion

Mission of regional scientific technical and innovativelipp of Novosibirsk
Region is to create conditions for the dynamic tkgu@ent of the regional economy
through technological renovation of enterprises, dlhganizations of new industries
based on innovative technologies and scientificcigments, transforming the area
into a largest innovation center of east of thentgu

The goals of scientific and technical innovativéigoof areas:

— Ensuring a high level of scientific developmentalify and efficiency of
vocational education;

— Diversification and growth of competitiveness otk tihegional economy
through the accelerated development of high-tedhstries and social sectors.

— Improving quality of life of population.

To achieve these goals is carried out systematickwo address the
following tasks:

— Creation of legal, economic and managerial mechanito promote the
innovation of competitive products and services;

— Development of social sphere, providing favoralwaditions of life of the
Novosibirsk scientific-educational complex;

— Preparation of scientific and engineering persammeahnagers for innovative
business;

— Formation and implementation of major research pratluction clusters
(projects, programs) on the basis of high technek@nd breakthrough scientific
achievements;

— Formation and development of modern infrastructwfe innovation,
including the establishment of technology parkghia research sites, universities,
large enterprises;

— Development of interregional and international tecal and scientific
cooperation, collaboration with major domestic dockign corporations, academic,
scientific and technological centers.

1. Normative legal base, the economic mechanisms

Actively contribute to the development of innovatio

a) The laws of Novosibirsk Region:

— About scientific activity and the scientific-techal policy;

— About politic of Novosibirsk Region in sphere ofvéépment of innovative
system;

— About the youth policy;



— About state regulation of the investment activityieh is carried out in form
of capital investments in territory of regions;

— About measures of the state support of commoduyyoeers;

— About development of small and average business;

— About state support of agricultural production;

— About state information systems, state informatr@sources, territorial
information system of Novosibirsk Region;

— About taxes and features taxation separate catsgofitax bearers

— About granting separate categories citizens of tgrdar acquisition or
building premises in Novosibirsk Region.

b) Standard and legal acts, for example, to suppoung scientists include
decisions of the Governor of Novosibirsk Regiorhtdd competitions for nominal
awards, scholarships and grants to young researchest-graduate students and
students; about maintenance crediting young setsnéind experts of Novosibirsk
centre of science on building or acquisition ofitetlon, etc.

On the basis of this regulatory legal framework testasupport of
enterprises and establishments in sphere of matwfacscience, formation
and scientific service is carried out.

2. Regional innovative system

Infrastructure: « The system of vocationa
e Innovation education
Technopark, business incubator, Higher Education, special Industrial
innovative centers, development agencie€3ervices, research institutes, high tech-
and technology transfer centers, busindsgical enterprise
centers, business associations, etc. « The generation of knowledge
e Financial Research institutes, Design Offige,
Public support of science andniversities, tech firms
education, banks, venture capital and mutual « The generation and transfer of
funds, private equity funds, funds fofechnology

technological development, etc. - Research campuses, research
e Information institutes, Design Office
Databases, knowledge basges, - High-tech companies
technology transfer networks, data centers, - Technology Cluster
offices, archives, etc. - Programs and Projects
* Legal - Business plans
Laws and regulations, investment - Consultancy framework
agreements and contracts * Process re-manufacturing
- Technology Audit

- Investments in fixed assets
- Innovative enterprises
- Technology Transfer




3. Small and average business in innovative sphere

In Novosibirsk Region effectively operate more th#0 small and average
enterprises in scientific and technical sphere, yr@nwhich are leaders not only in
Russia, but also abroad.

Innovative companies in Novosibirsk implementedaigto dozens countries
around the world. Subject exports - technology soitlvare, laser systems, devices,
diagnosticums, crystals, and equipment for explamaand mining.

Cooperation of authorities and scientifically-teglogical complex of
Novosibirsk Region with the Foundation for Assis@anto Small Innovative
Enterprises (FASIE) in scientific and technical eygh is carried out in three
directions: Implementation Program of innovation the field of scientific
instrumentation in a unique experimental baseHerrhodernization of basic science
(“Foundation for Assistance — SB RAS”), Programding of innovative projects at
the initial stage of development (“START” - on theogram was founded more than
80 new companies), the “Party Youth and Scientifimovation Competition”
(UMNIK>).

4. Innovative-investment projects and programs

Within the framework of innovation and investmenbgrams and projects
carried out by the formation of technological cérst - scientific, educational,
production and business integrated structures tpgran a certain area and ensure
development and serial production of new technolegducts. Currently, the major
clusters on the basis of scientific developmentd @thnologies of Novosibirsk
scientists developed in the following areas: powkactronics, pharmacology and
biotechnology, information technology, instrumerat Clusters form the basis of
complex innovative projects and programs focused toha transfer of high
technologies and scientific developments.

5. Infrastructure innovative activity of scientific towns

In Novosibirsk Region there were formed three ueigesearch campuses. In
the world-renowned Academgorodok located nstituteserian Branch of the
Russian Academy of Sciences, Russian Academy ofiddie8ciences, Novosibirsk
State University, in settlement Krasnoobsk - Russfecademy of Agricultural
Sciences, Science-City Koltsovo — the State Rekd@emter (SRC) of Virology and
Biotechnology VECTOR (SRC VB VECTOR).



settlement Krasnoobsk Academgorodok worker's saxite
Koltsovo

In science, technology and innovation campusestsimel also includes industry
research institutes, centers of technology transfeovation and technology centers,
technology companies, subsidiaries and represeatatifices of universities that
together form the innovation system of nationalesca

The main principles (the ideas of Academician Lat/e¥) action research is
integrated townships (multidisciplinarity), sciditiand applied research, advanced
development of key basic science, the integratibrsadence and education, the
practical implementation of scientific achievements

Technopark‘Novosibirsk” created in 1996 operates as technopark distributed
type, including in the structure, innovative cest@m other parts of the city and
region. Now in technopark territory are more th@&nshnall businesses created more
than 500 jobs.

Except the state technoparks in Novosibirsk, aeatedprivate technopark-
like structures. Experience of creation in Novosibirsk Region tempark-like
structures allows setting the task of creatingasiituctures to a new levelcreation
of technoparks network in academic campuses, large universities and indlst
enterprises, the core which is the Novosibirsk Adtagorodok Technopark.

Associations of high technology firmsin Novosibirsk Region associations of
firms of high technology business successfully fiomc “SibAkademSoft”,
“SibAkademInnovation”, “Information and Technologie “Siberian Research-and-
Production Complex Engineering of Night Vision”,ib8rian Industrial Hydraulics
and Pneumatics”, management Company “Power Elactgorof Siberia”.
Associations established to provide an enablingrenment for innovative activity,
support and development of small and medium busines

Development of financial institutions of venture bginessln Novosibirsk, the
annual fair of innovation and investment projeetkjch are important milestone in
the development of infrastructure of venture fugdare spent. In particular, within
the framework of the exhibition “SIBPOLITEX” orgamd presentation of
innovation and investment projects, academic addstrial research institutes, small
and medium-sized enterprises in scientific andrmeet sphere.



Now the Administration of Novosibirsk Region togethwith the Ministry of
Economic Development and Trade of the Russian B&darand partners creates the
venture fund. It develops dynamic activities taat investments of JSC “Agency
for Investment Development of Novosibirsk Region”.

6. Improvement in the preparation and consolidation of scientific and
engineering personnel and managers of innovative Biness

Technopark-like ideology requires qualitative chesgn education due to: the
development of high-tech sector of economy; trajnspecialists able to search for
innovative solutions based on fundamental knowledgetransfer technology to
effectively manage investment and innovation pisjedHere is the current
development of science and engineering schoolsredintegration with the system
of continuing education, development of social parship with employers. In
Novosibirsk, are created dozens centers of colleatise with unique equipment,
joint scientifically-educational centers of highseols and academic institutes, chairs
on basis of scientific research institute are e@athe highest integration level of the
Siberian Branch the Russian Academy of SciencedNavobsibirsk State University
(89 joint chairs) in leading universities are o in the region more than 20
scientific and educational centers and laboratpries centers of innovation or
technological fields, such as the complex problevhsnodern medicine «Living
System» and complex of laser spectroscopy, phaoaind optoelectronics at
Novosibirsk State University, centers *“Aircraft” c&anDMG (Deckel Maho
Gildemeister) at the Novosibirsk State Technicaliversity, Center for Laser
Scanning in the Siberian State Academy of Geodssy,

It is allocated 18 priority directions of professad training connected with the
basic stages of life cycle of innovations, the rexruent is analyzed in professionals
for innovative infrastructure, including Academgdo& Technopark till 2015.



Areas of training to innovation

1. Market Analysis

2. Strategic planning

3. Project Management

4. Economic and financial
instruments

5. Protecting intellectual property

6. Basic and applied research

7. Development

8. Materials science and technology
development

9. Technological design

10. The organization of innovation
infrastructure ; ,
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It is, first of all, specialties and directions pfeparation connected with
scientific directions, engineering and technologieativity, analysis of market
requirements, project management and intellectualpgyty, industrial design,
promoting new product on the market, after salavic® etc. State support of
training through the regional budget (target canttrdraining experts) was
implemented in Novosibirsk Region for the past &rge mainly for agro-industrial
complex. Further it is planned to develop an intiovesystem.

Development of innovative infrastructure of the Heg vocational training
became more active. In 2007 in 9 high schools ehacCenters of development
innovative competence are created, strategicattyded on training professionals to
advance innovative projects on the market, devedspinof project thinking by
professionals, creating innovative business teamsniversity environment, with
their subsequent activities in technopark-likeitnibns or enterprises. Four centers
(Novosibirsk State University, Novosibirsk Stateciieical University, Siberian State
University of Telecommunications and Informaticadé&Siberian State Academy of
Geodesy signed an agreement with the Russian Fd@nBirect and Venture
Investment (RVCA) on a non-profit transfer of Caute the European Private Equity
& Venture Capital Association (EVCA) «Private Equand Venture Capital».

Particular attention is paid to the selection andpert of talented youth. For
example, since 2004, is annually held open interrsity Regional Olympiad (more



than 6,0 thousand participants) based on the Nbwski State University,
Novosibirsk State University of Economics and Masragnt, Siberian State
Academy of Geodesy, Novosibirsk State Academy ahfecture and Art, Siberian
State Transport University, Novosibirsk State Pedaal University, Novosibirsk
State Technical University, etc., of which 50 wirsmare awarded certificates at the
Out flow of any entrance to university in NovosgkrRegion.

As part of the national project «Education» in 2(8# students in 2007 - 26
appointed by the President of Russia prizes, redemajor financial support for
Novosibirsk State University (901 million rbl.) andovosibirsk State Technical
University (583 million rbl), which is aimed at a@gping educational facilities,
development of teaching materials, professionatam@hg and improvement of
professional skill of teachers. Institutes of th#eBan Branch of the Russian
Academy of Sciences and Medical Sciences, NovagibBtate University and
Novosibirsk State Technological University had gsamnder development programs
of nanotechnologies.

One of the successful programs of additional psieml education,
establishing a dialogue between the authoritiessiness and education is a
Presidential management training program, whichlisady 10 years successfully
implemented in Novosibirsk Region.

7. Intellectual property protection

Involvement of intellectual property into econontiernover is a challenge.
Novosibirsk Region is the undisputed leader amdrgrégions of Siberian Federal
District in the area of this innovation.

According to the Agreement of administration of tigion and Federal service
on intellectual property, patent and trade markssftent) annually from the
regional budget “Inventions of the world” are alibed to the State Public Scientific
and Technological Library of SB RAS (SPSTL SB RAS8gans for a periodical
subscription, seminars are regularly held on iaet#llal property protection. The
Siberian Institute of Intellectual Property, thesfi beyond Ural Mountains and
training experts according to additional educatiprograms was created In
Novosibirsk.

8. Information provision

At the initiative of Novosibirsk specialists, it isreated and accumulated
database of innovative projects and programs cérigib Regional Center of Russian
Technology Transfer Network (RTTN - www.rttn-sikeeru). It is based on the
database formats and technologies adopted in thep&an Innovation Relay
Network. Regional data base is an integral path@®fRTTN database, which contains
information about more than 200 innovative projefiis Novosibirsk Region’s
enterprises.


http://www.rttn-siberia.ru/

The Mayor’s office of Novosibirsk develops the istreent passport of city —
(http://invest.novosibirsk.rnu centralized information resource, which will praes
information about the innovation and investmentguts. The structure of territorial
information system of Novosibirsk Region (T1S) sveéloped. Formation of TIS as a
unified system based on the telecommunications or&twa regional center of
informatization, by using a meta-database shouklienintegration of information
resources in the region, including innovation.

9. Inter-regional and international cooperation

In Novosibirsk, scientific complex has a time-telsgystem of interregional and
international cooperation. It is necessary to nespecially experience of the
international centers of the Siberian Branch of fhessian Academy of Sciences
created on the basis of institutes, taking leadigld positions. It for example,
Center for Synchrotron Radiation, Center Aero-ptaisttudies, Center for Research
and Testing of Catalysts. The centers promote tbeess of expanding international
cooperation in the new geopolitical environmentiotigh collaborative research
projects, Expeditions, demands for reception adrimational grants, publications, and
training of young scientists, post-graduate stugleand students, international
conferences, exhibitions, publishing, access t@umiinstallations, marketing and
other kinds of activity. On volume of export of eologies and services of technical
character our area wins first place in Siberiarefaddistrict. The volume of the
export agreements concluded by area makes more @ba%o of all agreements
concluded in Siberian Federal district. The geolgyapf export of technologies and
services: the USA — 38 %, the Netherlands — 26 Wtz8rland, Japan, Korea — 5-7
% etc.

In order to coordinate the activities of entermisa foreign markets, the
submission of overseas interest in the area ofkfuanam Main (Germany) works
“Information and Economic Center of Novosibirsk Rey. In turn, in Novosibirsk
are consulates general of Germany, Bulgaria, Uskeekj Vice Consulate of Republic
of Kyrgyzstan, Office Embassy of Ukraine and Betar&epublic of Korea, and
Germany. The representative of the Institute ofelgor Trade of Italy launched its
activities as a structural unit of Embassy of ltalynere are the Russian-Korean
Center for Science and Technology, Korean Busibesglopment Center, Russian-
Indian Technology Center, etc. In Novosibirsk haygened their representative
offices or research centers such firms as BekaasAtkawasaki, Kodak, Motorola,
Xerox Renk, Hewlett-Packard, Samsung, Siemend, Bthlumberger and others.

Interregional and international cooperation acyivebntributes to the activities
of the Exhibition Center of the Siberian Branchlod Russian Academy of Sciences
ITE "Siberian Fair”, organizing annually, the folNong exhibitions: Sibpoliteh;
Science in Siberia; UchSib; SibSvyaz; Siberian Bess Forum; Siberian Energy
Congress; SibBezopasnost; SpasSib; Metals of SibéBeo-Siberia: Sibnedra,
Mining; Sibneftegaz etc.



Personnel training for foreign economic activitypdsialties: International
Relation, World Economy, Regional Studies, and Qujt implemented seven
universities. In many scientific, educational, anadnufacturing processes are applied
international quality standards GLP, GMP, GCP, 92000 quality system
management. Cooperation with international fundd arograms (ISTC, CRDF,
INTAS, INCO - Copernicus, CORDIS, etc.) are develbp

10.The list of priorities of innovation and investment programs and
projects

In Novosibirsk Region practically formed and implkemed in different stages
the integration of innovation and investment proggaand projects, taking into
account the competitive advantages of Novosibirggjiéh and the region. These
projects meet the following main areas:

— Addressing the social humanitarian issues and husearety (education,
culture, morality, ethics, youth policy, social tiigtions, democratic freedoms, and
others).

— Well-being technology (gene therapy and gene disiigs) bioengineering
and immunocorrection, nano-biotechnologies, sterts,c@hotodynamic therapy,
human livelihoods, pharmaceuticals, bioinformateds,).

— The industry of software products, information amgnmunication systems
(information technology education, modeling, autboraand management, database
and knowledge base, telecommunications and netwerks.

— Development of transport complex of Novosibirsk as multimodal
transportation hub.

— Scientifically-technological and economic maintec@onf agriculture.

— Creation of methods and means for countering tsrmyrpreventing and
reducing the risk of disaster (prevention, detectiand identification, health
remedies, etc.).

— Instrumentation, science equipment and automatystesis (analysis, test
and diagnostic for chemistry, biology, medicine,erthal imaging, sensor
microelectronics, electro-optical converters, NMEsing, low-dose X-rays, etc.).

— Laser, plasma and electron beam technology forneejeindustry and
medicine.

— Nuclear power.

— Catalytic technology on the basis of a new genamadf catalysts.

— Scientific and technological support the creatidraerospace engineering
(creation of aircraft aerogasdynamics, durabiéityonics, etc.).

— New materials and nanotechnology (single crystals dlectronic and
jewelry industry, nanomaterials, composites, Birsgtztic.).

— Science and technology building, including roadstarction (new materials
based on local raw materials, methods and deviceslihgnostics, technologies
increase reliability and durability, architectuaald technical solutions, etc.).

— Ecology, the study of subsurface exploration, fpanstion and processing
natural resources, seismic (geological engineemjtechnology, mining equipment,



geophysical methods of prospecting and explorati@S, seismic zoning,
environmental zoning, etc.).

11.Issues and proposals for the development of regiohimnovation system

1. The reasons for the obstacles to the developmeanto¥ation:

— Not enough incentives for the development of intiovaintensive areas.
Undoubtedly, the positive here is adoption of fati&ws “On Status of Sciendeaity
of Russian Federation”, “On Special Economic ZandRussian Federation”.

— The management of innovation processes, organmaticstructures,
mechanisms and regulations in the field of scieand technology requires an
immediate improvement at both federal and regitsadls.

— The State budgetary establishments of science @nth@on, being the basic
owners of intellectual property and participantsnoiovative process, do not have the
right to establish small businesses by making dmution valued right to results of
intellectual activities, as well as property andnew received by agencies through a
permitted business or income-generating activitiegeive loan funds, except
budgetary loans. Experience in establishment andratipn of autonomous
Institutions in scientific, educational and inndvatareas is still lacking.

— The holder of intellectual property derived frometistate budget weak
motivation for its commercialization.

— Weak management in the formation and managementagdr innovation
and investment projects, programs and technolaggtets.

— Low technological culture. Not infrequently compasican’'t absorb high
technology because of outdated technology equipraedtlack of personnel with
high level of competence, skills and innovativenkimg.

— There is little tangible support system scheme ubation» companies
designing and producing new high-technology praglittst domestic experience in
recent years acquired Foundation for Assistancgntall Innovative Enterprises in
science and technology - the programs: START, TEM#NIK).

— Government programs aimed at reducing the riskiodvation projects and
attract domestic and foreign investment in scieand applications, above all -
venture capital fund with state participation - @aot yet been shown effective work.

— Not enough development of an enabling environmedtces the risk of
innovative projects and programs to attract doroeanhd foreign investment in
scientific applications and high-tech industries. particular, a lack of reliable
mechanisms for the protection of investors, the &mtivity of banks, pension funds
and insurance companies in the venture businesw, ipfrastructure of venture
investment, etc.

2. To create conditions for the development of rediamaovation system it is
necessary:

— To form a coherent system of measures to activetpduce technopark-like
ideology of socio-economic development of NovosikiRegion.



— Develop holistic (federal and regional) system egdl acts to stimulate
innovation and investment activity in the sciewtifindustrial, educational, industrial
and social spheres.

— Develop innovative models of systems and programssaientific and
educational complex mechanisms and managementpsihity on training high-
level competencies and skills for the knowledgestdasconomy.

— Provide legal support to the status of the tefgimnovative development
(academic campuses, technology parks in major tsities and industrial
enterprises) with high concentration of scientifiechnological, educational, and
innovative capacity.

— Take steps to overcome the technological lag afstrthl enterprises.

— Develop mechanisms of the state order for scientdsearch and technical
products and services, as well as the state pratect order to prevail over the
purchase for the public use of national high-tecdpcts.

— Develop a system of state support to small and unedusiness entities,
including business incubation.

— Develop a system of independent assessment ofdhetrand pledge value
of intellectual property in order to ensure relealgluarantees of debt the borrower to
obtain investment funds (security of property rggtat intellectual property).

— Develop a system of venture investment.

— Create a unified regional information-analyticadatonsulting network of
technology transfer.
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BASIC SPATIAL DATA OF WATER ECOLOGICAL GIS

Irina N. ROTANOVA, Anna A. WAGNER, Russian Fedeodti

The current state of information technologies, deeelopment of concepts of
the creation of analytical systems, the improvenwnnhethods and tools for digital
processing of cartographic information give newsgtasties for the analysis of the
large body of different spatial data and their usé¢éhe expert management support
systems. The attention is given to the basic dpdéta as a subset of information
considered in the specific unified form of preséntadetermined by the goals and
objectives of information gathering and processing.

The reference spatial data as a part of informatamtographical provision
should be in line with the organizational-managetreemd industrial-technological
field. Their infrastructure is aimed at the suppafrimanagement and technological
processes through the development of geoinformai@®i$) and geoinformation-
analytical systems.

In terms of the large body of source space-relalath the necessity of the
distributed access to geoinformation, the demandafmlytical search tools the
formation of infrastructure spatial interdiscipligadata for management decision
making is timely, called-for and efficient solutionf goals of information
environment development. These are as follows:

— Inventory goals- the study of environment and its components,use of
natural resources and natural potentiality of dratory;

— Evaluation goals— the assessment of anthropogenic impact on the
environment, the extent of unfavorable processles, dftereffects of natural or
anthropogenic eco-catastrophes, the ecologicalrgpbgal evaluation of the
territory;

— Dynamical goals— the study of changes of environmental and natural
conditions due to economic and natural factors,uneatmanagement and
anthropogenic impact on the environment;

— Predictive goals- the forecast of the change of environmental rzaidral
conditions caused by the anthropogenic impact & development of natural
complexes, the revealing of trends and dynamicsabfire evolution as a result of
human economical activity.

Of importance in the development of information andnagement systems is
the water-oriented (water-resource and water-ecmd)gline that is dictated by the
urgency of similar problems in many regions.

Practical application of GIS projects covers difarlines and kinds of activity
in the field of development of the systems for egatal monitoring on the local,
regional and basin levels; territorial cadastresnafural resources; assessment of



natural resources state and use including waterd, |[dorest, biological and
atmosphere ones; ecological assessment of prolo@nsed by anthropogenic factors
(eco-diagnosis); ecological expertise of territprieobjects and projects; the
development of GIS-technologies for sustainableetiggpment of territories as well as
for the solution of hydrological, water-resourcgter-management and water-related
ecological problems.

In line with normative-legal documentation, the &ties of complex use and
conservation of water objects (SCUCWO) currentlyedeped for some basins of
large rivers of Russia contain information suppadtivities, i.e. mapping and
development of basin geoinformation systems, inemwthvords, creation of
infrastructure of spatial data of a basin leveldl,

The goal of SCUCWO development is tools' formatimn expert system
support. Item 12 of "Methodical guidance...» stdteg Schemes are based on GIS-
technologies in compliance with technical and safwrequirements to support the
digital map layers [3]. Item 22 refers mapping a@tb to fundamental (basic)
activities under development of program optionsdonservation and restoration of
water objects, steady functioning of water-econosystems as well as achievement
of target indices on prevention of negative watfots [3].

This approach is of great importance for provissbruniformity and continuity
of information, normative-methodical systems of Bigssian Federation in the field
of water objects use and conservation, systematizat materials on water objects'
state, structure of water-economic and water ptoteactivities.

The Schemes must include a set of situation, etralyaoperative and
predictive maps (in electronic and paper form) tmased in scale 1:1 000 000 - 1:
100 000 and supported by inset map of larger sifalecessary.

A set of situation maps representing factual infation for a moment of their
construction consists of:

— Atopographic map;

— Alandscape map with the mapped protected areas;

— A drainage map with boundaries of hydrographic suamd water-resource
regions, hydrologic and hydrochemical monitoringtishs including tables with
studied hydrological situation in the river basin;

— A map of water-resources regions including theijomeharacteristics;

— A map of water objects by categories includingdalihat characterize water
objects and their regimes;

- A map of basin infrastructure with water-managemeystems and
waterworks facilities including the tables with ithgarameters and features;

— A map of ground water aquifers;



- A map of aquifers characterized by intensive grouvdter intake
(monitoring wells, deposits of ground water, boureka of depression whirlpools,
aquifers' protection from pollution).

A set of evaluation maps representing the outcoofigbe data analysis from
situation maps and documentary data on water obsjanbigement consists of:

— A map of watershed zoning by level of anthropogéwaci on water objects;

— A map of water risks stipulated by various watepautt;

— A map of the basin's territories exposed to occesidloods (at different
water providing - 1%, 3%, 5%, 10%, 25% and 50%);

— A map of river basin by level of flood threat;

— A map of key types of water use;

— A map of natural and industrial pollution of sudaeater;

— A map of natural and industrial pollution of grouwdter;

— A map of water management balance (by water-ressuggions);

— A map of water objects assessment due to the d¢édaned in the course of
state hydrochemical monitoring of water objects;

— A map of environmental assessment of water objects;

— A map of protection of exploited aquifers from puibn.

A set of operative and predictive maps that foresifisations consists of:

— A map of predictive change in water content ofrileer basin for the period
of Scheme validity (taking into account naturalr@iic and anthropogenic factors);

— A map of predictive change of anthropogenic loadwater objects of the
river basin for the period of Scheme validity;

— Maps of limits and quotas for water intake from @vabbjects according to
stages of Scheme implementation (by water-resouecgsns);

— Maps of limits and quotas for waste water discharge water objects
according to stages of Scheme implementation (hgmrasources regions);

— Maps of target indices of water quality in waterects;

— Maps of target indices of negative effects ofervat

— Maps of development of water objects and systemstoring;

— Maps of planned structural activities to be implaeted on the basin's
territory;

— A map for forecasting depression whirlpools deveiept within ground
water basins and aquifers characterized by intergrisund water exploitation.

Unfortunately, a large list of maps that differ guantity and quality is not
methodically supported. Moreover, the indices to rbapped are not approved.
SCUCWO should be developed for one of the largesemobjects in Russia- the Ob
basin. Ob river takes 5th place in the world anstfin Russia by a watershed area (3
min knf), and the third one (after Yenisei and Lena) -409 km3/year runoff. A
complex of research activities (RA) on " Statetwd-fart study, scientific grounding



of methods and support for steady operation of drdgconomic system in the Ob'
basin" precedes SCUCWO development. The goals adie/s follows:

— Integrated assessment of water objects in the r®ishl basin, qualitative
and quantitative assessment of surface and groatet,w

— Elaboration of information-modeling complexes argert support systems
(ESS) for solving tasks of integrated water resesimmanagement in the Ob' basin;

— Scientific grounding of methods and tools for steadater use and
hydroecological safety;

— Information validation for development of Ob' baSIGUCWO.

Main tasks in geoinformation-cartographic block #re following:

Cartographic assessment of water resources stabte-@afit and use in the Ob'
basin:

— Collection, processing and analysis of availablatoggaphic source
information containing the data on description asgessment of conditions for water
resources formation as well as the ones on gquaétand quantitative analytical and
evaluation indices of water object state in thel62isin;

— Application of cartographic research method to grdiéed assessment of
water object state in the Ob' basin;

— Formulation of basic principles and standings ofemaesource and water-
ecological cartographic methods to be used forrmétion support under Ob' basin
SCUCWO development;

— Preparation of basic digital maps and material$ hie infrastructure of
spatial data are to be used under developmentefias of situation, evaluation and
predictive maps.

Cartographic investigations of formation processéssurface and ground
water's quality and quantity including their infiugl factors:

— Landscape-cartographic field works to obtain datatiee environmental
assessment of water objects and their catchments;

— Method preparation on water-resource and watemlgaml small-, mid-,
and large-scale mapping for geoinformation-cartplgi@ support under SCUCWO
development;

— Cartographic evaluation of qualitative and quatititaindices of surface and
ground water and their influential factors using #xisting cartographic methods;

— Structure development of specific databases orb#isen's water objects in
line with the State water register and water disjemnitoring;

— Elaboration of the concept, structure and inforomatifilling of a
geoinformation-cartographic block of the expert mup system aimed at water
resources management in the Ob' basin (using meattel objects);

— Creation of a cartographic block with target GlSattase, development of
cartographic support for a pilot GIS-project.



The creation of scientifically grounded infrastwet of spatial data and
information-cartographic support for steady funaiing of water-economic complex
in the Ob' basin due to development of:

— Cartographic evaluation method of influence of e sources of water
pollution;

— A Dblock of geoinformation-cartographic support f&SS information-
modeling complexes aimed at specific water ecosystenanagement in the Ob'
basin;

— Integrated assessment maps of water objects subjebe peculiarities of
watersheds and resource potential;

— GIS cartographic block for ESS aimed at water ressgimanagement in the
Ob' basin;

— Cartographic methods and construction of watertnes and water-
ecological maps for model basin rivers.

To carry out research on natural conditions, remgdheir peculiarities effecting
on water resources formation in the Ob' basin, theitory was split into
hydrographic units, i.e. river basins (a basin lgveubbasins (a subbasin level),
water-resource regions and sites [4]. Accordingwater-economic zoning, the
territory of the Ob'-Irtysh basin is divided int@ Water-economic sites: 36 are in the
Ob' basin and 36 - in the Irtysh river basin.

The cartographic study of the basin, in particutae landscape-cartographic
provision of research was analyzed that allowedlosion about the availability of a
great quantity of landscape-typological maps faecdr administrative territories.
However, the coverage of the basin area is unéMea.difference in approaches to
the definition of natural-territorial complexes different rank takes place that
hampers the complex assessment of the region whady. The scale to be used to
construct the original and resulting maps is jiedif The infrastructure of spatial data
for GIS creation is discussed, and the softwaréstace chosen. Much consideration
iIs given to the development of geodata bases, th&cation of the original
information (the creation and use of classifietis¢, development of custom interface
for data retrieval, analysis and visualization.

The research outcomes serve as the basis for theslogenent of
geoinformation-analytical system (GIAS) “Water aecblogy of Siberia” intended
for matching and integration of different cartodremal materials, data base resources
and metadata. GIAS is considered as the elemantarfnation filling of the system
of decision making support (SDMS) for water manageinmn the Ob basin (using the
model water objects) and the development of teraitsystems of Siberia.

The specific feature of GIAS is its water-ecologjiocaentation, the creation of
catalog of the distributed geoinformation resouroesadata and the accessibility and
the development of the system for introducing thécaemes of mathematical



modeling, the addition of the data of field obséiovas as well as the reference
information. Besides, GIAS uses the technologiesenhote data processing, the
results of cartographical modeling, methods ofrohseiplinary data integration as
well as the outcomes of research based on theabphtiracteristics and features. In
the framework of GIAS the problems typical for GI&d specific issues including the
formation of ground waters, physical and chemid@racteristics of groundwater
flow, the analysis of ground and surface water iyaheir availability for drinking
water supply, the characteristics of sources anellef water pollution, the
development of rapid and efficient access and g information in data bases
including the ones of space images, mathematictbgraphical modeling are
solved.

The structurally developed GIAS is a logical moniebrporating the data bases
(metadata), a specialized software support ancatiadytical block. The analytical
part of GIAS is based on the multidimensional dia#se including the subject-
oriented information. The information is retrieviedm the network data warehouse.
The GIAS analytical block involves the methods,oalitpms and programs oriented
to the subject domains. Two subject domains comwealty called as “Water” and
“Geo” are considered within the system framework.

The concept of the data warehouse (a subject-miedy invariant data set
formed for decision making support) serves as #@masbfor the creation of thematic
data bases. In terms of multidisciplinary inforroatithe formation of the data
warehouse assumes the approach that:

— Is oriented to the ecologically significant obje¢tgater basins, territorial
entities) and situations (assessment of state,ahgval aftereffects);

— Includes the object-oriented data sets containihg tonsistent and
aggregated cartographical and factual informatamtitie solution of theoretical and
practical problems.

The objective level of GIAS involves primarily thiever basins that represent
the hydrographical units in a specified order higrg. The major model basins are of
Ob and Irtysh rivers. The basins of principal resare differentiated into the ones of
the large, medium-size and small rivers. The hydplgical units are used in the
analysis of factors for the formation of water res@s and the ecological state of
water objects for the development of the informatneodeling system.

The GIAS objects also include the RF subjects (thigs of political division)
and the units of hydrological zoning representihg system of hydrological sites
specified with hydrographical-geographical and ecoic-geographical approaches
to the territory zoning.

For the creation of standardized descriptions thaciples of information
system, formalization and unification were used ainthe development of the
distributed information-expert systems on the Gl&sds for interdisciplinary



research. The description of attributive and cadphical information and the
formation of metadata comply with the State statidar spatial data content SSS P
52573-2006 “Geographical information. Metadata”. ings the standard, its
“projection” on the subject domain GIAS “Water aacblogy of Siberia” was made
and the subject profile oriented to the systemddiveloped was obtained.

The pilot program system for the metadata base dbom and support was
developed. The metadata base for the distributeédgraphical base was created with
ESRI ArcCatalog Metadata Master.

The possibility to define large blocks in such eggtoriented maps as water-
ecological, bioecological, anthropo-ecological, isescological, economic-
ecological, and integrated ones is assumed.

The formation of the structure of cartographicafoimation in data base
(metadata base) provides for the component-by-casmgoapproach to the use of
environmental data. However, in spatial analyses riatural complexes (landscapes
of different topological level) are used as terrdbentities. The aspects of content-
richness and information value under the differenale map modeling (scale
1:500 000, 1:1 000 000, 1:2 500 000) were workeduph. The typification and
generalization of landscape maps for Novosibirskjsky Kemerovo oblasts, Altai
Krai and Republic of Altai were carried out, ané #lectronic versions of landscape
maps were made.

The mathematical-cartographical modeling within GI& considered to mean
the development and analysis of mathematical modils the data obtained from
the maps as well as the construction of the newqog@l) ones on their basis. In this
case such chains and cycles as map-mathematical-med mathematical model
are formed. The mathematical-cartographical modelises the methods of the
correlation, regression, and factor and clustelyarsa

The approach to the solution of the subject-origmigiectives under the lack of
source information is defined within the framewoikGIAS. The approach involves
a number of methods among which are the use ofuthiBed attributive and
cartographical data base; the development of tgdesi for complex assessment
using the supplementary information; cartographmcatieling of the subject domain.
The GIAS “Water and ecology of Siberia” is aimedla solution of a wide range of
water-resource and water-ecological issues.

The representative dataware for the developme&GICWO, the creation of
cartographical and thematic data bases, the daweloipof pilot GIS will contribute
to the formation of the infrastructure of the baspatial data and the justified expert
system for the sustainable hydrologic functionifighe Ob basin system.



The work is carried out in the framework of the jpov 4.5.2.8. of the
Interdisciplinary Program of SB RAS 4.5.2. and RFgfants No 07-05-00869 and
No 09-05-00920.
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THE ELECTRONIC LIBRARY OF SUBJECT SIGNS FOR TOURIST AND
RECREATIVE MAPS OF PRIBAIKAL'E

Boris N. OLZOEV, Russian Federation

Key words: digital map, cartographical signs, tourism andreative, digital
classifier.

SUMMARY

The electronic library of convectional signs forcreative and tourist maps
collection of graphics, semantic, metric componestpressing a content of maps
recreativ and tourist are of particular significantn a technical electronic library of
convectional signs publications name as the digitasifier of an electronic map. The
electronic library of convectional signs has a Eimconstruction with a legend of a
customary paper map, the difference is encompasd by composite classified and
outline.

Before to elaborate electronic library of convectibsigns of recreative and
tourist maps, it is necessary to unify a contentsta compound mockups of legends
on the initial cartographical materials. As elentcoof maps recreativ and tourist
mirror as topographical, and subject contents, lmasis topographical of units the
methodological principles and system approach dexduin development of scientific
bases of a contents of topographical maps [Veredtacti2002] are put.

Electronic of maps recreativ and tourist is, fokall, subject maps. Therefore first
of all, the subject groups of legends of the rdoreand tourist schedule will be
considered. Their amount depends on district of pimgp his natural features and
development of a socio economic orb. The classificaof recreativ and tourist
resources (cognitive concept) was earlier repredenthich one is put in unification of a
contents of such maps. Besides, it should be alldlve semantic principles (language
concept) and modern geographical information telcignes (geographical information
concept) build-up of legends and application thesntlde shell for handle. The
combination of the several concepts reduces ineusd#gthe structural approach
[Lebedev, 2003].

The contents of recreative and tourist maps hagiadl sequence of allocation
signs on sense, and is grouped together in subgations, that enables to spot the
philosophy of unification, thereby to form the smstof legends.

The unified contents allows to understand a masyistem links between objects,
to distinguish main and minor, to spot methods amceptions of cartographical
interpretation of objects of a reality. This imglithat than more correctly and more in
detail to fulfil unification, the easier is to rem technological aspects of creation of
maps.



In a basis of unification the semantic value ofeckg of a map is taken, whi
one concludes system principles of stural information organizatio

Theelectronic maps in vector representation have piisgito show, except fo
the metric description of objts, their semantic propertiesigF1). On definition, a
semantic properties name the individual charadiesi®f objects, their quality ar
guantitative parameters. The cartographical signs ekigh and denotatiol
permitting visually to read aap have no semantic properties.

Outgoing from the above reduced table, it is ptesstosuppose about availability
types of a field (characters, ole, decimal) and text files (is attached to arctedaic
map).
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Fig. 1: Sections "Semantics" in the classifier mfedectronic ma

The development of the electronic library of corti@al signs is one of por
of reference of creation of any map is considered on a design stage. There
first of all there was a necessity to be spotteth viechnological principles «
graphics buildup of cartographical signs and their semantic valuelectronicmaps
recreativ and tourist.

At development of tF classifier of convectional signs or electronic dityr of
signs allow following item:

— Shared datéscale, graphic palette, electronic map ty

— Unified contents of the future map, distributedsubject groups (stratun
of an electronic map);



— Objects of an electronic map — topographic andeslgigns, description of
their build-up with usage of structural membersrfpdine, polygon);

— Semantic properties of electronic map objects;

— Used fonts, description of their trajectory;

— Libraries permitting to optimize build—up of cartaghical signs;

— 3D visualization of electronic map objects.

The graphics variables (form, sizes, inner patteoiqur, alignment of the sign),
designed in 1960 are put at the bottom (basisladbgraphical signs designing by
the French cartographer and semiologist J. Béarty, 1988].

At computer build—up of cartographical signs thecsalized cartographical
complexes (hybrid module a Panorama, hybrid moddiépinfo, hybrid module
ArcView etc.), system of automatic design (AutoDeSkedo etc.) and graphics
editors (CorelDraw, Adobe Photoshop, QuarkExpreste) will be utillized.
Allowing a diversity of present programs, the cleoicas made on a hybrid module a
Panorama, since she allows creating cartograp$igas of different frame consisting
of set of structural members (a point, line, polygo

The electronic maps recreativ and tourist concerrthe service charts and
public health services, which one are directed oppert by the information of
customers on development of tourist activity, ratimnal significance and ecological
state of territory. As the contents of maps recoveand tourist consists from
topographical and subject cartographical signs,tapdgraphical signs are shaped of
the reference digital classifier of an electroniapnior topographical maps of scales
1:100 000 and 1:200 000, the major attention wdl referred to development of
subject cartographical signs.

In theory of cartography on space localization ¢here three types of
cartographical signs (dot, linear, area), and slduscript (explanatory comment, own
titles, subscript of the characteristics). As threation of cartographical signs is
designed in a hybrid module a Panorama, here ipribgram and accordingly in the
digital classifier of an electronic map, two ty@e added: vector and templates.

The type of localization Vector is understood asditionally — linear, having
particular distance or conditionally — dot — for alning on a direction (circle).
Metric type Vector consists of two clusters: thestfisite indicates location, second
site — direction (alignment of the sign).

The type Templates is applied at composite frameaatd signs, for example,
combination of the text and ponctuel of the sigme Text can be composite, multilevel,
the usually given type will be utillized seldom aisdnot convenient at converting in
graphics formats (*.Jpg, *.cdr, *.tiff etc.), becsai the continuous editing of signs is
required.



Allowing principles of development of signs of thmethodological and
technological sides, it is possible to compoundsitigeme of a relation of objects of
tourism and recreativ on a contents and type ofalipation (ways of the
cartographical map).

The development of cartographical signs surveyeda irmybrid module a
Panorama at a stage of creation of the classifiamoap.

At development of cartographical signs it is impatt also to allow for
following specifications:

— The sign should be legible, readable, since at extimg them in other
environment, there are problems of a picture regriasion;

— To utillize the least amount of structural members;

— To apply only dot, linear, area type of localizatio

In the transaction®\.M. Berlyant scores, that the signs are a meansgBxin
formalising and systematization of knowledge [Bani 2001].

In judgment VA. Vostokova etc., the development of cartographsighs of
georaphical maps founds on knowledge and ratiosed@ semiotic of aspects, on the
one hand, and deep learning of an essence of geplappearances — with other
[Vostokova, etc., 2002].

Outgoing from the above-stated scientific positjoiisis possible to make
following output: cartographical signs and the exg@ltions to them shape
technological knowledge grounded on substantialeabj and appearances and
express by particular resources of a graphics. €fber development of different
cartographical signs has the relevant value atioreaf any cartographical product.
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DIFFERENT VIEWS ON A DIGITAL MAP IN THE LATE 20TH AND EARLY
21ST CENTURY

Stanislav Yu. KATSKO, Russian Federation

The late 20th and early 21st century is marked Iy transition to the
Information Age. It is characterized by highly diped information area, which
includes the human activity on creation, processstgrage, collection and transfer
of data, information and knowledge.

Owing to the society's computerization developectissd models of spatial data
are formed: digital (geoinformation) model in Gedics, digital and electronic maps
in geoinformation mapping.

The analysis of Russian authors (Berlyant A.M., IKtnesky E.A., Koshkaryov
A.V,, Tikunov V.M. and others), as well as relevatdaite standards for cartography
and geoinformation mapping showed that a great dfeattention in these works is
given to the definition of digital maps.

In [1, 2, 3] the digital map is defined as “a daginodel of the Earth's surface”.

Berlyant A.M. in his work [4] says that the digitalap is “a digital map model
created by digitizing cartographic sources, phaognetric processing of remote
sensing data, digital registration of surveyingadat by any other way». He points
out that the «a digital map is not a geoimageut.dnly a digital geoimage model, it
Is the data used for geoimage creation being atogne”.

Zhalkovsky E.A. [6] gave a definition of the diditanap having no
recommendations that the map is a model. The digitg is: “a) the map, whose
content is represented in digital form; b) presegoaof map features in digital form,
which allows a computer to maintain, manipulate amplay the values of their
attributes. The digital map is a database or athkt will become a map when
creating a hard copy or image display”.

Koshkaryov A.V. considers that “the digital map, aphenomenon of digital
environment, is not the direct perception of humasisvell, as visualized, ceases to
be digital. It is neither a map nor a cartograpim@age in the traditional sense,
because it can not be perceived visually or intbué]

In [4, 7] the authors pointed out that a digitalpnisithe basis for production of
paper, computer, and electronic maps. It is a @faat cartographic database and can
serve as a basis to generate computer and electraps. Besides, it is one of the
sources of spatial data in GIS and used as a digép base.



In [8] the digital map is defined as “digital digglof map content recorded on a
magnetic tape or any other storage medium”.

In addition to the definition of “digital map” shisliconsider the classification of
computer maps. According to this classificationalfocated two main types of
computer maps: electronic and digital.

An electronic map is visualized using computer pmént. It consists of graphic
primitives in raster or vector data format, whicte a&onverted into cartographic
images.

When using the electronic cartographic image, anlgnan is able to extract
cartographic objects from graphic primitives and cmmpare them with terrain
objects by means of the map's legend. Special acétallows the user to edit map's
image, thereby altering cartographic objects.

The display and perception of geoinformation by annfrom electronic
cartographic images are performed on the analogerbasis. Cartographic image of
electronic map, without regard to the map's legenaerely a set of graphic shapes
or primitives do not give a person any informatiabout objects. A trained
professional perceives not the separate grapheegibut using the legend, he is able
to extract cartographic objects, to understand rth@bperties and to create
cartographic images of real objects. The infornrmatransfer is happened only in one
direction that is from the image to the user.

Advanced hardware and software made it possibleatze the principle of
feedback based on the separation of object's geotha rules for constructing an
image and the cartographic image. As a resultgdatiimap was appeared, which
combined geoinformation terrain model and cartolgi@pnages created on the basis
of the spatial objects from the database contaigewgata and cartographic objects.

Digital cartographic image is a dynamic object #mefe is no constant exists. It
Is formed as a result of the visualization of dattained in response to a user's query
to the database geodata.

When working with large volumes of geodata is netcessary to display
(visualize) the entire geoinformation from the gatadbase on map. Digital
cartographic images provide the representatiorrofin model in a computer format,
but they are intended for direct human perceptlorensures the participation of
people in geoinformation processing and analyzetg,dsolving spatial problems, the
preparation and adoption of spatial solutions.dmg so, they are no longer a direct
source of geoinformation, as a means of visualiziregcontent of databases and/or
developed spatial objects. As a result, thereclsamge in the role of the cartographic
image, which carries out the role of the interfaeeveen man and geodatabase.

Let’'s consider the appointment of digital map argital cartographic image.



A man works with a digital map image. It servesaagool for interaction
between user and database (as interface), as & mfwisualization of geodata using
base graphics primitives. This cartographic imagk®sing its past as a repository of
geo-information for analysis and spatial solutions.

Digital maps, integrated with GIS, is used to inmpést management functions
of a person in finding, processing and analyziratigpdata in virtually all industries,
wherever decisions are taken in the process of mgnkith spatially distributed data.
The development of electronic networks and the gerere of a number of new
technical capabilities for the visualization of qmuter cartographic images contribute
to improving the management of spatial data.

The specificity of the perception of digital cantaghic images is reflected in the
different from the traditional cartography approaltiis the approach to resolving the
contradictions between the demands of their vigydind readability. The solution of
this issue is to use one map instead of a seriezapfimages (layers) and a dynamic
generalization of the geometry, and the semanticdigital cartographic images,
allowing for greater visibility and readability @mall screens.

Based on the analysis of works of different autteord formalize the essence of
digital maps offer the following definition.

The digital map is a dynamic geoinformation modélatt integrates
geoinformation terrain model and cartographic imeggated on the basis of the data
about spatial objects from the database. It costeamtographic objects and manages
by the GIS, which provide interaction the user withformation from the
geodatabase.

Digital cartographic image (cartographic image afligital map) is computer
image, which contained cartographic objects andteteon the basis of the data of
spatial objects from geoinformation terrain modkl.made the conversational
(interactive) mode of interaction the user wittommhation from the geodatabase.
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