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1 ABSTRACT

Information systems are widely used in urban plagrprocess for communication between different side
actors. However, most of them have been implemenitttbut providing possibilities for decision makdp
participate together with urban planners in thecess. This research aims to outline a frameworkrgvian
interactive model for decision making plays a kel in creating a collaborative environment. Theposal
regards the information representation as the maimument for encouraging a constructive dialotyeen
different actors. The focus is on the relationdiépween three elements of information represemtakavel

of detail, type of visualization and interactiororbining these elements, information can be pravidea
dynamic way enabling more effective exploration amdlerstanding. The proposed strategy implements a
digital model that operates on different scales landls in order to support the key stages of tlh@mpng
process for sustainable urban regeneration in Bialg@ositional approach is used to define thetfanality

and decision making operation for the selectedg®®.cAs a result research ideas about the use dighal
model are presented.

2 BACKGROUND

Today'’s planning process for sustainable urbanmeggion can be described as a strategic approduise
main element is the mind-set for action and impletagon through links between budgets, projects,
citywide and regional infrastructure. The qualitydaeffectiveness of the plans can be greatly erdthnc
through the integration of multidisciplinary and Itiractor insights, intelligence and perspectivieattare
usually not considered within the formal planninmggess (Kunze, A. et al. 2012). In order to suppod
manage this process urban planners create urbarmiaion systems which are the main instrument for
work and communication between experts and nongsaieals.

Most of the urban information systems consist ak¢hmain cores — Urban and Regional Information
Infrastructure, Digital Environmental Model and tRdam (fig. 1). The first one represents the daapscin
which data from agencies, periodically refreshagrs®s and real time data is collected (Laurini,1300ata
acquisition is not limited to the basic city plamgisurveys but includes data about all social, econ and
environmental issues, concerning the concrete pignprocess. All this variety of files is classiign
spatial and non-spatial data. The first one camsifiocation and attribute information whereas sbheond
contains only attribute information. Both of themridg the data preparation are collected and coaabin
common database and handled on an unified basem@Beographic Information System (GIS) (Asami,
2008).

The management of this huge datascape for the pespaf sustainable urban regeneration requiresirggea
a Digital Environmental Model. Essentially, it iodes all the information organization and analyses
professionals are doing in all stages of the plagprocess. Supported by the necessary handlingnsyst
defines the Analysis Module of the urban informatieystem. The third project’s core, the Platform,
generates diverse range of traditional output raserthat are the main instrument for communicatio
between the planners, decision makers and repe¢s@st of the interested parties. Usually web-based
GIS, it is used by limited actors and represerggnformation system’s Decision Module.

The connection between the Digital Environmental d#lo and the Platform uses the means of
geovisualization. This traditional visualization wban spatial models has been rather abstracheneasy
to read and consists mostly of information assediatith 2D maps (Kunze, A. et al. 2012). Professi®n
produce maps and other conventional output mageiialthe end of each stage with an intention to
communicate with different side actors in the plagn This way of work creates one direction
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communication and do not provide any possibilif@sdecision makers to participate together withaur
planners in the process.
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Fig. 1: The three parts of the Urban Informatiost8gn

The urban information systems still have limitegbaailities mainly designed for professionals whayst
their only users. Kunze argues that when expeis toecome more interactive they will be able taubed

by non-experts. He envisions the use of Decisigop8tt Tools together with collaborative environngeimt
planning agencies of the cities and regional adstrimiions. However, the current lack of integrated
instruments for creating urban plans does not atlevprofessionals and decision makers to comifoet®
and work together from the beginning of the plagrnpnocess. This predetermines the planning promeds
reduces the quality of response plans.

3 RESEARCH OBJECTIVES AND METHODOLOGY

The initial question comes from the observatiort thast urban information systems fail to createdaons

for communication and constructive dialog betweeofgssionals and decision makers in the planning
process. As they are primarily designed to perfoemtain actions, but not the different participagtgcute
this actions together, systems remain to serve experts in long-term. This aspect requires rethomkow
current information systems can be improved andv twm involve decision makers more actively in the
planning process.

The main objective of this research is to propasenteractive model for decision-making in a cotiedtive
environment. The suggestion presents a framewakdperates on different scales and levels in owler
share and use understandings. It can also senaestesegic instrument for the formal planninggass so it
could reach the standards of sustainable urbameegtion. In order to structure the strategy ofdstem it
iS hecessary to:

First of all, understand and analyze the actorthénplanning process for sustainable urban regéoera
research their formal relations and tasks to bépeed during each stage of the process. Regattiag
crucial actors, their resources and interdependsrairrent relations in co-operative work are iifieit and
present in the form of graphics. This analysisased on the experience in integrated urban reggomin
Bulgaria and the production of the first kinds o€k plans in the country, aiming at integratiomexfources,
participants, projects and financial sources, alf agthe economic, social, environmental and a&isth
objectives.

Second, examine the opportunities that currentrurbBrmation systems provide for communication and
decision-making on the different stages for theedeld planning process. Research how the means of
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information representation can improve the collakion between urban planners and decision makeesyin
stages where mutual commitment is essential fosaasus building (fig. 2). The rate of informatien i
considered for each stage of the planning procegarding the type of visualization, level of detaild
provided possibilities for interaction.

INFORMATION
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2 Digital
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Data Infrastructure
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Fig. 2: Information representation as a link betwagban information system and decision makers

Finally, suggest a framework for integrated infotiora system. The proposal gives a general idea theav
system operates and what kind of opportunitiesaviges to enrich the connectivity between urbampérs
and decision makers. Relation between the systetristure and the level of information technology i
modeled on conceptual level in order to reach titategyy for co-operative dialog.

4 ACTOR ACTION TIME ANALYSIS

The implemented research methodology involves acotion time analysis in context of the stageth@n
statutory planning in Bulgaria. The latter is dettinto urban planning system and urban monitasysgem
(fig. 3). The first one includes the plan prepamatend approval procedure, having four stagesetarg
analysis, strategic planning, detailed planning design, programming and budgeting. Each stageaictnt
fixed tasks and combines concrete actors to comjtieBecond system continues during plan perfooman
and includes implementation and management, mamit@nd control. In this paper under the term pilagn
process is accepted urban planning system or thesfis on the first four stages. In the case ofaSaty,
this was a consecutive process with small overdapsinuing a total in 17 months until June 2013.
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Fig. 3: The stages of the planning process in Bidga

In the planning process for sustainable urban reggion, the operation is formatted through a gjpeset

of procedures and control under the legislatioradth country. Usually, this framework is organizthg
government, the technical team and the public. Dirgposed a segmentation of decision-making oparati
process dividing all actors in four paths: opeaoath, guide path, creative path and participgbats. In
the case of Sofia city plan operating and guidengadre represented by ministry and municipality
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departments, which are responsible for finance&lagige and realization of the plan and control.aGve
path is presented by design team which is a cdasgrindependent from municipality, combining wide
range of professionals and technicals. In thedastare included all groups that are not part fobiie first
three and have a regard to the plan preparation.

DEVELOPMENT FUNCTIONAL DESIGN
AGENCIES DEPARTMENTS TEAM
Ministry of Part 1
Regional Development Town Council ?\JC"]]:[; Citizenship
and Public Works
Public Sector and
Administration
Ministry of M Partner 2
Environment and Water aver Urbitat
Private Sector and
Business
Related Departments Municipal Partner3 H
G Working Group Infraproject consult Professionals
Sofia Municipality Consortium Organizations
Re.g.mn?l. Coordinator NGOs
Municipalities

]
I——-——————
Fig. 4: The four paths in Bulgarian planning prects sustainable urban regeneration

To structure the characteristics of the actor ngtwand the inventory of all involved actors was dise
positional approach. The study showed that tworagarticipate with more than one of their partshe
planning process. First composite actor is Sofiaimpality presented by three actors that takeedst
roles in each planning stage and have interdepémdiations. The second one, the consortium, coenbin
three separate partners with many independent tsxged during the planning process is participatiitt

more than one part. All other actors, even if thegresent a group of participants are regardeéerated
actors (fig. 4).

Stakeholder analysis gained insight into the raled positions that actors take during tha planpirgess.
For each process stage the formal positions ofsgtere characterized, their tasks and resporbilas
well. This step required a review of the laws aggidlation procedures under plan was performedirEi§
below shows the formal relations between actorthénfirst stage: target analysis. One side arrdvesvs
hyerarchical relations whereas two side arrowscatié relation between key actors.
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Fig. 5: Stakeholder analysis for the first stagéhefplanning process

Identifying the key actors and decisions to takeeaith stage is essential for reaching adequate édrm
collaboration. Inventory of the resources of thg &etors showed the similarities and differencespmon

REAL CORP 2015:
PLAN TOGETHER — RIGHT NOW — OVERALL




Irina Angelova, Yu Mi Song, Sung-Ah Kim

objectives, interests and conflicts among themrpath of actors was positioned on power-intenestrix
estimating its resources: knowledge and skills, mpawer, financial, authority and organisation (f&).
Under this circumstances the functionality of actetwork was investigated in decision-making contegx
overall planning process. Depending on the actpositions and tasks they perform decision-making
operation is separated in four types: discoverimgj anderstanding problems, identifying various gsohs,
choosing among solution alternatives and monitotiogy the selected alternatives are working. In the
modeling of the network and its context actors camitation was estimated through graphic display
materials and information management. Analysingradh the planning process, their relations iretavork
and used information is crucial for creating furoetality of an integrated system for collaboration.

5 INFORMATION REPRESENTATION

Presently, the Platform of urban information syseatisplays results from the planning process infdine

of digitalized maps providing knowledge about cetergeographic areas. This form of presentation in
graphical form cannot always help users to seeettand relationships in large datascape stardihind.
Representation of the information provides clued #ffect the amount of effort to explore the imfation

for solving the problem, so that effect on the pespinformation recognition, implementation, and
satisfaction (Adnan et al., 2008). Consequentligrmation representation will take more and moieced
place in planning process for sustainable urbaemetion and diverse ways of visualization neetigo
explored for helping actors to make decisions neffiectively.

There are various techniques for information repnesgtion. The complehension depends on the knowledg
of the recipient, the intended use of the inforomatiindividual inclination and etc. In this papdiverse
methods for information representation are exploitedaccordance with the type and magnitude of
information for different stages. Current reseacomsider three elements as most important in texns
organizing information presentation for the seldcmanning process: level of detail (LoD), type of
visualization and interaction. According to therplang stage, required information is provided ia thost
appropriate way as a result of combination of thbsse elements and can help different actors itticjate
more activily.

5.1 Level of displayed model

Urban planners investigate from overall status afitg to a particular building in the planning pess.
According to the context, the required informatian concern neighbourhood structure or detail mgld
facade. Therefore, each planning stage needsdtitf@nodel representation. Commonly, CityGML's LOD
is the most used and accepted worldwide. Therdiaghases from level 0 to level 4. LOD 0 is aitdily
terrain model that include an aerial image or a map covers the city territory together with the
metropolitan area. LOD 1 is well known as a blockdel with flat appearance of roof and prismatic
buildings. LOD 2 provides more detailed informatiam level to the roof structure and buildings’ seds.
LOD 3 represents the architectural model. LOD dpigo interior level (Open Geospatial ConsortiufnNé).
The model used in this research for the purposésegblanning process does not use the last L@Dji

LOD O LOD 1 LOD 2 LOD 3
AT
AR CityGML LOD
oy b
-yl -
TS
Digital Terrain  Block Model with Buildings Architectural Interior
Whole City Environment Model Model Model

Fig. 6: Setting the range of LOD for urban planning

5.2 Type of visualisation and interaction

The information can be represented in visual, @tmmuesmatic, tactual or other way. Among them, the
visual which people are most experienced in, hashiggest effect and can be provided in any suwtabl
manner. Furthermore, it is the most used technilgqaehelps quickly analyse the large data set (Kediral.,
2002). In this paper, the methods of visual infation representation are classified in analog agdadi
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model on whole. The digital visualization is dividen text, 2D image, 3D model, 4D model and multi-
dimensional model (fig. 7)

Text as the most basic way to represent informéims the advantage to give detail descriptionsjtimatn
also deliver key messages. Here, this classifioapimposes five different ways of use: simply & &6
words, sentence, table, tree and net. The firsiethvays give possibilities to provide detailed infation.
Tree structure can be used to present words ireavary relation, whereas the net structure presemgplex
connections of words. These five types of textespntation can be diversely combined with othemsieh
information in different stages of planning process

Depending on the type of expressed information, 2Beimage exposes much better methods to deliver
information than text, and it is easier to underdteHere are included map, symbol, graph, net axeédn
form and all of them provide static informationrfore powerful way to transfer dynamic visualisati®iy
using 3D model. In the same way as 2D image, thex@del uses the same technigques as map, symbol,
graph, net and mixed form. 4D model combines 3RIehavith the time and creates simulations of urban
data in different time periods.
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Fig. 7: Means of information representation: vigatlon type and interaction

Mixed visualization method creates many aboundmglunations using techniques from one dimension, or
brings together different visual representationm®rfrom more dimensions. The result is presentirg t
content in a more specific way unifying differeathniques. In the planning process for sustainatidan
regeneration, the examples of mixed forms in 2Dgenand 3D model express summarized results additing
maps with symbol, graph and net.

According to the Ward and Yang interaction is thechranism that modifies the information visualizatio
what and how users see it. If there is no functbinteraction, the information visualization becsna
static image or autonomously animated images (Yalet2007). Main factors that influence the use of
interaction are express the data, the type of dathlocation of the representation. Although infatian
technologies providing different forms of interactiare developing rapidly, the main functions ugsed
urban planning models are divided into four grodepending on their characteristics: navigatiorecein,
distortion and modification.

Navigation (roam, walk, fly over, zoom) allows thser go around the 3D model stimulating free movdme
anywhere or leading to a particular area. Concrefiermation singles out or emphasizes by selection
functions like highlight, delete, mask, click or mai Moreover, link automatically makes connection t
another information. Distortion functions (pan,atet, angel) provide various change to the viewpasng
multi-rotation axis. It is used for more detaileddadeeper exploration of the 3D model. Modificatfon
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interaction finds application in all forms of digit model. Changing the size, colour or style of the
represented information can help users discoverningessary information more quickly among huge
amounts available at the same time. Simulatioitatds the passage of time. In urban planningganciD
models present 3D spatial information changing @ormcrete period.

Information visualization helps to understand thmmplex raw data easily even by non-experts. As
interaction is the method to control the informatigpace (Adnan et al., 2008), the interaction fonst
make dynamic exploration and acquisition more gffit than static information visualization. That
emphasizes on the necessity for automatically elebant information presentation. In addition, léneel of
information is adjusted in accordance with the lefaletail of the models. Therefore, it will belalbo help
the decision makers involved in urban planning pssovho are necessary to confirm a lot of inforomati

5.3 Matching with urban planning process

Combining the three elements LOD, type of visudgiiaand interaction, proper information represgota
is connected to the different stages of the plampnocess and urban monitoring system.

PLANNING
STAGE LOD INTERACTION

Analog Model 1 Navigation

Text
Selection

2D Image
Distortion
3D Model
,__;'f;fv“ Modification
4D Model g
Multi-D Model [~ " Simulation

Fig. 8: Matching urban planning process with thelsments: LOD, Visualization type and Interaction

In the early stages of the planning process, th@rsiqurpose is to grasp the situation of the whrty and
select concrete targets. Therefore, detailed reptason is not required and LOD is lower. As thenping
process progresses, the city model needs higher &@Dmore information is necessary. In the stages o
urban monitoring system, the LOD depends on thaildptanning and design stage. For instance, it is
possible to use model with LOD 1 for checking thgpiovements in the environment of a neighborhood or
use model with LOD 3 when it concerns a buildingoneation project.

Using the model with different LOD is limiting thessible types of visualization. Higher LOD allowsler
range of visualization types and gives more freetlmexpress the required information. As much adamn
model provides only static form of visualizationcannot represent detailed shape or change in Smén
the case of planning process for sure the use rahgmalog model is severely limited. The dynamic
information representation is more effective prawdbound interaction for different side actorsgital
model covers all kinds of interaction functions. déts from three to multi-dimensions are able tonean
with all interaction functions and provide variause of the model representation.

6 FRAMEWORK FOR INFORMATION DELIVERY TO DECISION-MAKI NG

This research aims to outline a framework for aerarctive model for decision making in a collabiwet
environment. The proposed strategy implements imddion representation through a suitable screeis bas
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for different actors. The system encourages cotktimn between urban planners and decision makers
improving mutual trust, respect, participation @ethmitment.

Successful collaboration between different actbsukl relay on both working together in a commoacgp
and doing it separately anywhere. Digital model hasconstraints of on the location and has thetgsea
advantage to be shared with infinite number of pedpased on its potential, this framework is téirggethe
two main parts of decision making procedure inglenning process — functional departments and desig
team.

W
Musti screen svstem

Information
exploration

- ¢ € ' ®C

I Augmented Reality

Big picture

](q% v OB &

Fig. 9: Level of operation of the integrated infaton system s

Individual work

Suggested digital model for information represéotasupports individual and group work. First legéthe
framework includes computers and portable devigpially used from urban planners in their indivéadiu
work. Next levels propose digital environment foapgp work during all stages of the planning process
Second level includes multiscreen system whichgyweportunity to explore plurality of information at

the same time and share understanding betweersatt®main application is found during the firatot
stages target analysis and strategic planning witest decisions concerning discovering and undestsign
problems about the city are made. Third level pkegoactors’ interest in information search usinyiale
table. The unified GIS based map is positionedhenbiasic and different layers of information arespnted
using multiple spheres. This way of representapogsents diverse options for easy comparison betwee
different elements or exploring details for a parthr area supporting decisons concerning chosen@mo
solution alternatives or identification of variogslutions, typical for detail planning and desigmd
programming and budgeting. This two stages of taerng process demand more detail understandidg an
the digital model in tangible table is the maintioment inducing interest in actors’ informatiorassh and
serves as a pillar for co-operative dialog. Laseleusing augmented reality, is strengthened bygtmo
interaction functions and creates full comprehemib the situation. An actor can take the spher&hvh
contains information about a concrete area surnmgdhim and look at it. This form of interactioarisform
the actor into a real participant in the process.

7 CONCLUSION

The proposed framework for integrated informatigatem aims to support the Bulgarian urban planning
process and consider an underresearched area. ©del rfor interactive collaborative environment
contributes to the curren process and aims toftvanghe group work from one way to multiple way$ie
main potential comes from the system’s scope and irdormation technology. During model construatio
main actors of the process were organised in aarktusing snapshots of the different process stadesir
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relations helped to understand the decision-maspeyation and serve as a basis for proposing eakitin

the design of the framework the means of visuarmftion representation were matched to the plannin
process depending on three variables: LOD, typgsoialisation and interaction. The project is térgethe
decision makers and urban planners at planning soad the goal is to promote the generation okbett
collaborative environment for the early planninggsts. Future development and implementation of this
model would make discussions during plan preparatiore constructive and decision-making procesgmor
transperant.
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