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VY 3B's3Ky 31 3pOCTaHHSIM CKJIaJHOCTI Cy4acHHX ITPOEKTIB,
JMHaMIYHIM ~ XapakTepoM OyMIBEIbHUX MAaiIaH4YMKIB 1
PO3TaIIyBaHHSAM OUTBIIOCTI 00'€KTIB Ha BEJMKIH BiICTaHi Bix
KOHCTPYKTOPCBKUX 1 IHKEHEPHHX OOpO, OOOB'SI3KOBHM
€JIEMEHTOM YIIPaBJIiHHSI IIPOEKTOM, 30KpEMa, IS TIPOEKTIB 3
YiTKO BU3HAYEHHM YacOBUM IUIAHYBAHHSIM, € peasliCTUYHE
IUIaHYBaHHS. SIKIIO BUKOHAHE BOHO HAJIEKHUM YHHOM, TO
3HAYHO JIONIOMOXKE 1MEeHTH(]IKYBaTH MOXIIMBI JDKepena
€KOHOMIi BUTpaT Ta 3a0€3MCYUTh MIHIMI3aIlif0 BiJICTABAHHS
y 4Yaci okpemux craniiB OymiBHuirBa. Ilicns po3poOku
MPOCKTY  AaBTOMOOUTbHOI ~ ab0  3aJI3HMYHOI  JIOPOTH
MPOEKTYBAJIFHUKH 3aB)XKIW CTPaXIAIOTh Yepe3 Te, L0 Y
OUTBIIIOCTI BHWIMAJKIB TPOEKT, BUKOHaHWH B odici He
CTAHOBUTh ONTHUMAJBHUIA BapiaHT Ul BHKOHAHHS Ha
OyIMaiilaHIMKy Y, HaBiTh, HE MOXKE 3aCTOCOBYBATHCSL.
ToMmy nykxe BeNHMKOIO IepeBarol Oyno O 3abe3reueHHs
MPOEKTYBAJIBGHUKIB 0araTOBUMIPHOIO KapTUHOIO, sKa O
TNpECTABIISUIA MICLIEBICTh 3BEACHHS OYyIiBIIi.

O3HalfoMJIeHHs 3 TPOEKTYBAJIBGHOI 30HO JIOIIOMArae
IKEHepy ~ YHMKHYTH  pO3TamIyBaHHS  OO'eKTiB Y
HEBIATNOBIAHMX  MICIFIX, MOXKE TaKOK  3amooiratu
pO3TalIyBaHHI MPOEKTIB HAa TEPUTOPISX, IO OXOPOHSIOTHCS.
3acTocyBaHHs METO/Y PEaiCTUYHOTO IUIaHYBAaHHS TAPAHTYE
BUKOPHUCTaHHs ONTUMAIBHUX DillleHh Ha KOKHOMY eTarmi
npoekTyBanHs. Lleif Meron monsrae y 300pakeHHi Ha 3D
MoOZIeNi CTaHy OYOiBEILHOrO MaHJaHIMKy, IO MOXE
JIOTIOMOITA BH3HAYUTH HAWKpallle PO3TAlIyBaHHs IUIAHY
npoekty. OJIHIM 3 OCHOBHHX BUKITHKIB JUTsI TNIAHYBATBHHUKIB
noBuHHa OyTW CIipo0a BCTaHOBJIEHHS 3B'S3KY MK bazoro
Janux ToiaHyBaHHs i CymyTHMKOBUM 00pa3oM. [ omoBHUM
3aBIAaHHAM € pPO3pOOKa Kpamroi KOMOIHAIi B3aeMomil
pacTpoBUX 1 BEKTOPHUX NaHUX Y TaKWi CIOCiO, 100 yce
MOJIEITFOBaHHSI BiIOYBaocs B peajlbHOMY 4aci;

Y mifi poboTi OmMcaHo, SK KOCMIYHA TEXHOJOTIS,
CYITyTHUKOBI 00pa3y 3 PI3HUMHU KOJIPHUMH / TEIUIOBUMHU
KaHAJIAMH, I1HTETpOBaHMMH B iH(opMaliiiHy cHCcTeMy,
3a0e3MevyloTh ~ KOPUCHOI  1H(OpMAIl€l0  BiigaieHi
MPOCKTYBaJIbHI OIOPO, TOYHO BI3yalli3yFOUH MICIIEBICTh 1
00'eKT MpoeKTyBaHH. BHACIITOK MPOBEACHHUX TOCIIHKEHb
BCTaHOBJICHO HACTYNHY 3aJIEKHICTh: MM KOPOTIIHMH Yac
00pOOKH 300pakeHb, TUM OLITBIII aKTyaJbHA
COLII0OEKOHOMIYHa iH(OpMaLIisL.

Ilepexnao suxonano @ Aeenyii nepexnaodie PIO
www. pereklad.Iviv.ua

Space Technology
and GIS in ProVI based
Alignment Planning

Nazereh Nejatbakhsh', Wolfhard Franken®,
Rolf Uhrig’

'Construction Informatic Department, Dresden University of
Technology, GERMANY, 01062 Dresden, TU Dresden,
Institute of Construction Informatics,
E-mail: nazereh.nejat@opb.de (cruinb Affilation)

2 Geospatial Information System Devision, OBERMEYER
Planen + Beraten, GERMANY, 80686 Munich, Hansastr. 40,
E-mail: wolthard.franken@opb.de (cruib Affilation)

*Road and Railway Design Devision, OBERMEYER Planen
Beraten, GERMANY, 70178 Stuttgart, Hasenbergstr. 31,
E-mail: rolf.uhrig@opb.de (ctuns Affilation)

With the increased complexity of today's projects, and the
dynamic nature of the congruction sites, giving a glance over
the planning area helps cost savings and minimizing delays.
For this purpose a linked 3D overview which moves
simultaneously with planning can smulate the congtruction
site and define the best location for the project plane
Attempting to establish a connection between Planning
Database and the Satellite Imagery which can give the best
combination for raster and vector data interaction; all online
in a real time cyberspace as an information system provides
the most helpful information of the project site for the remote
office and feeds the 3D information of the terrain for an
accurate visualisation. Performing an immage processing in
shortest time would give one the most up to data spatio
temporal information.
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[. Introduction

With the increased complexity of today’s projects,
construction and time management are indispensable
element of the project management. When properly
executed, it will identify cost savings and minimize
delays during construction [1].

Using the computer programs Intelligent Road and
Railway Design attempts to establish a connection
between two Points of Interest through an economical
path. For this purpose it considers different Design
Models, among them the cost models and the alignment
optimization models. In his book (Intelligent Road
Design, 2006) have discussed Jha et al the impact of
different  optimization = methods, specially the
revolutionary role of GIS solutions in road design models.
As construction of roads or railways is great interference
into the environment. Therefore, spatial data are very
important in separate phases of the process [2].

The commonly used method in economic infrastructure
design procedure is to minimize total cost or to maximize the
total net benefit associated with the alternatives as well as to
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minimize the planning time, to avoid of double work and
parallel planning and as result to prevent corrections and re-
planning. To achieve this aim, it is important to increase in
reliability of the comprehensive fundamental data fed into
the design model. In this regard and to encourage
independent, cost-effective, aesthetically pleasing, and
environmentally sensitive road and railway design, the most
proper methodology is to establish uniform design practice
manual which includes the design guidelines and standards
for geometric features, section elements, special structures,
safety terms and erosion control (Road Design Manual
published by Design Standards Unit).

In road construction, a roadway is traditionally designed
using 2D views of the horizontal and vertical alignment
coupled with a series of cross-sections along the road axis.
This approach allows the civil engineer involved in the road
design to concentrate on the major design tasks, like the
radius of curvature and gradient and contributes towards
reducing the complexity of the design work. Another
requirement is information on the adjacent terrain [3].

Born around 30 years ago, CAD systems can provide
rapid evaluation of alternative alignments, optimization
techniques for road project planers, and powerful search
tools for large number of alternative alignments in short
spans of time. Therefore most of the alignment software
packages if not all, are CAD based. Besides the ability to
analyze, recognize and link local, national, or international
road design standards, CAD processes are quiet suitable for
the criteria-standard based modeling task of road design
project. The models aims at designing a path with minimum
total road costs, while conforming to design specifications,
environmental requirements, and driver safety. GIS with its
spatio-temporal analysis tools can still be a very helpful
solution in very early steps of alignment planning.

Therefore Infrastructure Design is a suitable area of help
for GIS design applications, as Road and Railway Design
starts with satellite technique and image processing methods.
The general design task for the layout of a road or railway is
to find the technically feasible alternative road layouts
between two points and to select the best for further
assessment. Given are the design parameters of the road
(design speed, minimal radius of curves, maximum slope)
and information about the terrain (land cover, elevation,
geology). The alignment problem is sufficiently complex to
pose substantial research questions, but simple enough to be
tractable [4]. This is a permanent inevitable procedure of
data transaction which is performed unnoticeably manually
in today’s common design processes and ends to a long
feedback operation which can be speeded up if modeled and
embedded in the alignment planning package. This is
highlighted in the Fig 1.
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Fig.1 GIS CAD, and BIM interaction
in alignment planning(source: author)

Il. GIS for Alignment Planing

Database connectivity, features system, navigation,
query, render options, special effects, hierarchical and multi-
resolution database representation of GIS with its 3D
graphics and efficient new algorithms for terrain
visualization gives the techniques which can be combined
with fast handling methods for large amounts of data to
make integrated GIS visualization systems. Virtual GIS can
be used almost in any field of planning process. Planners for
new road and railway facilities can see full 3D views from
their prospective sites or can see the view from nearby
existing landmarks with the planned facility in place. The
Fifth Dimension of GIS “spatially enabling business and
analytic intelligence”, extends existing concepts of
enterprise, interoperability, and integration and creates new
value for planers by leveraging the power of place and
analytics in support of fact-based decision making, planning,
and operation. Notwithstanding its universality of purpose
and function, there has been little deep integration of GIS
with the Road and Railway Data Models used by planers
even though many Design Programs rely on the same or very
similar data models. Traditionally, the principal driver for
data sharing, integration, and interoperability has been the
cost of data acquisition and maintenance.

However this is changing. Increasingly, design model
integration; Web/data/application services; simplified system
administration; and operations, asset, financial, and human
resource management are the driving forces. Very adequate
methods of simulating time and cost data and integrating
them with planning data is one of the advantages of GIS.
Besides GIS’ possibility of Data Interoperability enables one
to easily use and distribute data in many formats. Take
advantage of the spatial extract, transform, and load (ETL)
capabilities to eliminate barriers to data sharing and provide
accurate spatial data to your wusers. GIS data
interoperability’s direct read option makes the direct read
and use of supported formats among them LandXML, IFC,
CAD, and BIM data for visualization, mapping and analysis
purposes possible [5].

lIl. Alignment Planing in ProVI?

With its proprietary data model, ProVI® [6] is a CAD
complaint graphic interactive program system based on
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AutoCAD for the transport and infrastructure planning in the
fields of road, rail and drainage. ProVI builds directly on
AutoCAD, which means that all graphical elements created
through the program are AutoCAD elements and thus all
functions of this system are already available to the user in
the design stage. Currently AutoCAD versions 2007 to 2011
and the desktop solution Civil 3D are supported. The clear,
modular structure, the context-related online help and the
windows-oriented design of the user interface enable
economical, effective application of ProVI after just a short
familiarization.

In the Road Design Module, all computation results can
be validated in accordance with the relevant guidelines. In
addition to the general features, there are special programs
for the calculation of sight distances, tractrix and traffic
intersections. ProVI includes a large number of location and
level plan building blocks specific to road building as well as
traffic signs which can be introduced into the drawings to
make the subject matter clear. From concept to the final
production of drawings, not only the German (RAA, RAS,
RAS, EAHV, RLW, ERA) but also the Austrian (RVS)
guidelines can be taken into account. The user can easily
integrate further regulations according to the specific
requirements of a project. In the Railway Design Module, all
new computations can be carried out and validated in
accordance with guidelines.

In addition to the DB AG, OBB, SBB and TSI
regulations, further standards can be implemented without
any problem. The guidelines of BOStrab are also supported
for all local transport projects. Drawings are laid out
according to the relevant drawing standards. In addition to
the general features, there are programs for calculating
points, the display of point level plans, consideration of
ballast-less track and much more. ProVI contains a great
number of railway-specific location and level plan building
blocks which can be introduced into the drawings to make
the subject matter clear. The design of high-speed Maglev
systems represents a particular challenge when designing
alignments. ProVTI offers a special module for this which can
cope with all calculations specific to such systems. ProVI
designers have been involved in almost all Maglev projects
worldwide [7].

Fig.2 CAD complaint ProVI alignment planning
(source: author, ProVl)

ProVI Planing through GIS

Proper design requires the blending of safe roadway
layout and grade with minimization of impacts on the
existing terrain and environment. These standards are further
intended to be flexible in consideration of different traffic
volumes and terrain conditions. These guidelines describe
besides the range of influences, information, data, criteria,
and other considerations that may have to be considered in
developing a road or railway project. These include
appropriate recognition of transport demands, safe and
efficient traffic operations and achievement of balanced
provision for the needs of all road users and ensures
consideration of context sensitive design and the associated
concepts of design domain and functional classification of
roads.

In accordance to the standards real world data should be
acquired which is the first step towards setting up a
simulation framework for the design process. The
implementation includes also a 3D visualization aspect
which will be added to the ProVI environment. As shown in
Fig 3 and 4 this enhances the whole entire planning
procedure, speeds up the decision making, reduces the
planning costs, and consequently optimizes the planning
processes.

Fig.3 3D View of Gl Sapplication
in aligment design before spatial analysis of Provi
(source: author, ProVl, GIS)

Fig.4 3D View of Gl Sapplication
in aligment design after spatial analysis of ProVl (source:
author, ProVi, GIS).

For this paper a ProVI program sequence and data flow
for execution a road or railway task was tested. The result
is packed in a visualization movie which will present the Terrain
Situation before and after construction, and earth work
statistics.
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Conclusion

This paper has presented implemention of a
customization method and transformation concept between
available graphical environment of ArcGIS® and
mathematical environment of CAD based ProVI® The
transaction of data in these two environments runs loss less.
The implementation can be exploited straightforward by
planners to apply an online control model during planning,
e.g. for management of time, cost, optimum alternative
solution for the best decision making..
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