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ABSTRACT: 

 

Planning and realization of large infrastructure takes a lot of time due to public discussion and may be reduced by active citizen 

participation in an early stage of project. Insufficient or late citizen participation in large-sized projects is being held liable to effect 

escalation, which, again may lead to enormous delays and costs. In this contribution we propose and sketching out an internet-based 

planning tool, which enables the planning of large infrastructure by concerned citizens and. Therefore, it serves to objectify the 

debate. Within an interdisciplinary group legal issues and planning expertise will be formulized and implemented as a tool suite on a 

server using open source technologies. A geodatabase holds project related open and official geodata. For planning reasons, recent 

technology of unmanned aerial vehicle (UAV) data acquisition and feature extraction methods will be used to complement planning 

data. Geodata and tools will be accessed by an easy-to-use client-based mapping tool that also manages the evaluation of the users 

planning proposals on a server. Based on a real-life project from railway infrastructure the web-based planning tool will be valuated 

with real applicants. 
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1. INTRODUCTION 

European society strives to carry out a turnaround in energy 

policy and, thus, need to carry out large infrastructural 

adaptions. Next to regenerative energy plants or energy and 

fiber optic cable networks, this also includes public 

transportation infrastructure like railway lines. Planning of 

infrastructure measures in western societies, however, does not 

take place in a legal vacuum but with many stakeholders 

participated or, at least, affected. Thus, planning, discussion 

with citizens, specifying ecological compensatory measures and, 

finally, plan approval procedures are time consuming. Take a 

planning permit procedure for railway lines as an example, 

which typically takes up to three years (Eisenbahn Bundesamt, 

2020).   

Active citizen participation is one key element to expedite large 

infrastructural projects. This is, however, mainly evaluated by 

negative examples like the German train station construction 

project “Stuttgart 21” that was positively evaluated by a 

feasibility report in 1994 and even went through the citizen 

participation process in 2010. However, since the project never 

found undivided acceptance the Deutsche Bahn AG decided to 

renew her information policy after reasonable public protest 

(Beteiligungsportal Baden-Württemberg, 2018). 

In Germany, citizen participation is mainly covered by §3 

BauGB (germ.: building code) indicating that populace should 

be informed about large-scaled projects as early as possible. 

According to this, the general public should be enabled to join 

public hearings and to get insight the planning and planning 

alternatives. However, no statutory duty to enable active 

participation is called. 

Belatedly citizen participation in large-sized projects, however, 

might trigger escalation, which, again would lead to enormous 

delays and costs (Geis, 2012; Klages & Vetter, 2013; Lindloff 

et al., 2017b; Lisetska, 2017). Therefore, active participation in 

an early stage of the planning process needs to be enabled. One 

precondition for that is that private stakeholders are not only 

informed about already completed planning but also involved 

through active participation in an early stage. That, in turn 

could significantly enhance acceptance and legitimacy (Towfigh 

et al., 2016; Rucht, 2012). 

The German Bertelsmann Foundation also emphasizes the need 

for citizen participation to improve and accelerate planning 

processes. Following that, transparency is the main key to 

assure citizen participation. For this, three levels are defined. 

This is first, a technical possibility to access data used in the 

planning process and, second, to be enabled to analyze it. 

Finally, interested and presumable concerned public should be 

enabled to consider the goals of the project in the broader 

context of political development (Bertelsmannstiftung, 2017).  

Internet-based technologies and modern data acquisition 

methods are suitable to support active citizen participation if 

combined with planning expertise and legislations related to the 

specific infrastructural project. Therefore, self-explaining tools 

have to enable access to official and open data as well as project 

related, high-precision and current (geospatial) data on the 
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client side. In addition, mapping tools as planning interfaces 

have to be provided. On the server side formulized expertise has 

to be represented that can be used to run analysis tools to 

evaluate user generated planning alternatives. At large, 

objectification may be achieved because legal limitations and 

technical constraints are made transparent. In addition, concerns 

regarding personal dismay could also become somewhat 

limited. Such an approach, however, would call for an 

interdisciplinary consortium since, next to technical issues, 

considerable knowledge of legal issues and planning expertise 

is needed. Further, social and political sciences are required to 

evaluate improvements in terms of either saving time 

throughout the project term and citizen contentment.  

In this paper, we describe the outline of the project “InnoPart” 

which is being funded by the German Federal Ministry of 

Transport and Digital Infrastructure. Its main goal is to develop 

a generic platform deploying a web technology and data 

acquisition methods next to knowledge formalization to enable 

active citizenship for large infrastructure projects. Next to data 

modelling and data acquisition by unmanned aerial vehicles 

(UAV), formalization of planning expertise and legal limits as 

well as the evaluation of the project by political scientists are 

included. Since the project is in a very early stage, we mainly 

present our concepts, which might be interesting for other 

similar projects as well.  

In the next section, backgrounds about the necessity of 

participation as well as technical options are outlined. Section 

three explains six identified working steps for the 

implementation and evaluation of a GI-based participation 

platform followed up by a discussion concerning potential risks 

of the overall approach. 

 

2. THEORETICAL FRAMEWORK AND NECESSITY 

OF PARTICIPATION 

In the social sciences, direct-democratic procedures can 

generally increase the legitimacy and acceptance of decisions 

(Towfigh et al., 2016; Rucht, 2012). If this desired acceptance 

is linked to often strongly contested decisions regarding 

infrastructure projects, there is a growing need for greater 

opportunities of participation. Among legal scholars, the 

voluntariness of early public participation is critically discussed 

(Lindloff et al., 2017a). Therefore, it is necessary that the 

opportunities offered by informal participation, in addition to 

the planned formal participation, receive greater attention and 

become more widespread. From a psychological perspective, a 

decisive factor influencing protest behavior is the trust that is 

given to project stakeholders. If this trust in political and 

economic decision-makers is high, protests are less escalating 

(Thies, 2017; Bandelow & Thies, 2014). The transparent 

presentation of the project plan, including the potential impact 

on the project, helps to build trust, while mistrust, on the other 

hand, contributes to long-term protest (Vogeler & Bandelow, 

2018). In order to avoid the escalation between those who are 

affected by large-scale projects and infrastructure measures, 

public participation must be planned extensively and at an early 

stage by the project executing agency and the included 

communities. The aim is a continuous, transparent cooperation, 

including continuous publication of all results (Geis, 2012; 

Klages & Vetter, 2013; Lindloff et al., 2017b; Lisetska, 2017; 

BMVI, 2014. The Association of German Engineers (VDI) has 

published guidelines for early communication and public 

participation in planning and building of infrastructure projects 

(VDI 7000, 2015; VDI 7001, 2014). The guidelines structure 

the process in four phases: (1) The building of structures and 

competencies, (2) structured public participation, (3) support of 

approval procedures, (4) support of the construction phase and 

the project. Participation procedures must grasp the real 

conflicts and, in order to do so, take into account the special 

interest of stakeholders in the local area. A conflict, which can 

result from this, is the clash of two lines of conflict, the general 

and the local line of conflict (Fraune & Knodt, 2017). A local 

line can be the NIMBY problem (not in my backyard) while 

more general conflicts can reach the NIABY dimension (not in 

anybody’s backyard) (Di Nucci & Brunnengräber, 2017). 

Looking at conflicts that can arise in the context of the earliest 

possible participation of citizens, several aspects become 

particularly apparent. The first structural problem is that 

stakeholders have the least say in those actions that are most 

visible to them. Regarding the organization of informal 

participation opportunities, this emphasizes the importance of 

transparent presentation of the project process and the ongoing 

involvement of the population, to level out differences between 

perception and decision making. Furthermore, if the parties 

involved do not develop an understanding for the views of the 

opposite side early on, it will become increasingly difficult to 

return to an objective solution to the problem. To avoid such 

conflicts, the equal rights of all stakeholders and a generally 

understandable presentation of the information available should 

be emphasized (BMVI, 2014; Bock et al., 2017). 

 

Individual participation can be supported by technical solutions. 

However, existing standalone software packages supporting 

draft planning of infrastructure projects are not helpful for 

laymen due to complexity and prize. Since web technology 

primarily supports asynchronous cooperation, planning tools for 

large infrastructure projects can be offered in a client-server 

environment based on free assessable frameworks (Löwner, 

2018). This supports the analysis of complex spatial problems 

with the help of only a web browser installed on any computer. 

OpenStreetMap (OSM, 2020) is the most popular volunteered 

mapping tool but severely restricted for planning activities, 

since only existing real world features ought to be mapped and 

published. Companies like CitizenLab (citizenlab, 2020) or 

Map.Social (Map.Social, 2020) offer products to support public 

information. However, these products seem to support the 

publication of project data rather than interaction with private 

persons. That should include the possibility to create own 

planning alternatives supported by formalized legal basis and 

planning knowledge.  

Ananda et al. (2014) developed a project related but still 

explorative solution for citizen participation with open web 

frameworks. In a project called WindWolke (WindWolke, 

2020), active citizenship for the planning of wind energy plants 

was realized. Users can virtually plan and evaluate wind power 

plants with the help of formulized planning knowledge 

implemented on the server side. However, this approach was 

thematically restricted and not generic. 

In the context of spatial planning, the data correctness and 

quality are very important aspects. Orthorectified, high-

resolution airborne imagery and up-to-date vector data are 

needed to take informed decisions, both by official bodies, but 

also by the public. In Germany, for instance, official 

orthorectified imagery is only updated in a cycle of 3 years at 

most. The corresponding geospatial vector data layers are not 

necessarily updated in the same interval.  

Hence, we propose to use images taken by UAV, to not only 

have current, but also very highly resolved visual information of 

the planning area. In addition, we will update vector maps using 

the images and derived products. Nowadays, UAV are being 

used for remote sensing applications (Yao et al., 2019), 
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however, obstacles, for instance regarding regulations, need to 

be considered (Stöcker et al., 2017). 

 

3. SYSTEM ARCHTECTURE AND INTENDED 

WORKFLOW 

The broad system’s architecture is depicted in Figure 1. The 

main part, the InnoPartAPI holds a class library containing 

planning tools and tools to formalise planning expertise as well 

as legal restrictions. This f.i. could be the definition of a 

minimum curve radius of rails by a given maximum speed of a 

train. Further, it supports the access to open or official data or, 

if available, high-precision data collected for the respective 

planning project. This API should be designed using 

international data exchange standards in a hierarchical way (rf. 

Löwner & Becker, 2017). Framework conditions then can be 

chosen to build up a client that serves as a planning tool for 

private persons and non-experts. The user itself can evaluate the 

own planning alternative and finally publish it either way to 

feed public discussion by only applying simple actions on the 

client. 

 

 

 

 
 

Figure 1: Architecture of the platform InnoPart for web-based citizen participation. Generic planning and formalization tools 

(InnoPartApi) can be used to set up a server-side planning support system that is accessed by a thin client. 

 

 

The intended development workflow of the described 

generically and interactive citizen participation is generally 

divided into five parts. However, since an evaluation of the 

project application is desired, planning of railway infrastructure 

serves as a particular application: 

 

1. Technical and applied-orientated requirement analysis 

along with the choice of investigation area and data basis. 

2. Clarification and formalization of legal basis and 

planning expertise for railway infrastructure as an example 

for a generic application. 

3. Design and implementation of a server-side API for 

the easy deployment of citizen participation platforms. 

4. Data acquisition using UAV in the planning corridor. 

5. Implementation of a running client server platform 

with the inclusion of current high precision data. 

6. All-embracing evaluation by social scientists 

involving real stakeholders. 

 

3.1 Requirement Analysis 

The general requirements to realize a user-oriented planning 

support system for citizen participation for large infrastructural 

projects on the one hand is a self-explanatory and easy to learn 

client application with mapping functionality. Additionally, test 

parameters should be offered, which can be optionally checked 

by the user. Further, access to open data, official data and 

project related high precision data should be granted. On the 

other hand, server-side architecture should host or link the 

requested data, offer the tools needed to evaluate test 

parameters according to user’s planning activity and should 

enable the storage or publishing of evaluated planning 

alternatives for further discussion.  

Open source software seems to be the best way to implement 

the required project properties. This includes PostgreSQL with 

the spatial extension of PostGIS on the server-side. Both can be 

handled with Python language that itself comes with open 

source spatial packages. The decision on what packages are the 

best, however, will be taken during further project state. On the 

client side, open source packages like OpenLayers or Leaflet 

enable an easy way to implement a mapping environment while 

a number of JavaScript libraries may support user interaction 

with the server. 
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3.2 Clarification of planning expertise 

With the advantage of a highly interdisciplinary consortium, 

legal preconditions and planning expertise can be incorporated. 

Since railway infrastructure is our application, respective 

constraints need to be identified and formally described. 

Examples for that could be the minimum curve radius of rails 

by a given maximum speed of a train, minimum distance 

between railway and housing or unhallowed bisection of green 

areas. Many of these constrains may be formulized into simple 

geometrically constraints affecting just the planed route 

geometry. Others may also incorporate different features, since 

distance calculations are involved.  

Some findings, however, may lead to iterative modelling action 

like the calculation of sound propagating and resulting distance 

calculations. Further, noise abatement measures may come into 

play. Such constraints and measures will require many features 

being involved when conducting the evaluation on the server. 

As a result, formulized constraints and respective feature types 

will be stored in a database accessible by the tools implemented. 

Every modelled constraint, either simple or complex, will be 

dynamically displayed on the client side. Therefore, the chosen 

design of offered services is generic and monotone extendable. 

 

3.3 Server side modelling and implementation 

Results from the requirement analyses as well as from the 

clarification of expertise will be assessed to model a project data 

base to hold geodata as well as user information on the one side 

and to generically model formulized analysis descriptions for 

the participation platform on the other side. Latter will be 

queried to feed tool scrips to process and evaluate user created 

content, i.e. planning alternatives.  

The database will hold project related geodata coming from 

open content or official repositories, like OSM or mCLOUD as 

a data basis for traffic related topics (mCloud, 2020). Also, 

UAV data acquired for recent project sides must be stored and 

referenced as well as results from feature extraction 

applications. Furthermore, formulized planning expertise and 

legal conditions have to be represented and stored to serve as 

input parameters for the implemented tools. Formulized 

knowledge in this case means at least ‘type of feature’ and 

‘geometric property’ to be evaluated as well as ‘parameter 

values’ representing respective thresholds. Furthermore, 

associations with other feature types related to a specific test 

procedure have to be stored along with features that have to be 

created as a result of a user’s planning decision. For instance, if 

a tunnel is proposed to be built, space for additional 

embankments has to be provided and therefore created as a 

feature at the tunnel’s entrance. 

Implementation will be managed using the well-known open 

source software packages PostgreSQL with its spatial extension 

PostGIS. The database implementation will be complemented 

with respective im- and exporter to update geodata and to 

provide data and analysis result, i.e. user generated planning 

alternatives for different stakeholders. However, fully 

automated integration of large geospatial data sets is not a 

primary target during this stage of the project.  

To evaluate the user-generated planning alternatives a server-

side class library (API) will be modelled using the Unified 

Modelling Language (UML). The hierarchical class model, 

therefore, forms the basis to create server-side tools for a 

participation platform under respect of planning expertise. 

Hereby, the class model of simple tools, aggregated tools and 

complex analysis functionality (rf. Löwner & Becker, 2017) 

should be as generic as possible for reusability reasons. As a 

long-term objective, the establishment of a arbitrary 

participation platform backend is envisaged by the support of 

formulizing expertise and respective verification tools. 

Applications could be the planning of interregional streets, 

utility infrastructure installations or wind energy plants.  

The modelling will be divided into simple helper classes and 

atomic tools. In general, two-dimensional and three-

dimensional analysis functionality will be modeled according to 

different geometrically constraints. This could be the  geometric 

analysis of a curve vs. the three-dimensional calculation of soil 

excavations needed to fulfill the requirements of maximum 

slope angles for an infrastructure. The last part of the modelling 

and implementation will include dynamic tools, like the rough 

calculation of noise propagation including respective mitigation 

measures or shadowing effects. 

 

Implementation will be performed with Python in combination 

with well-known open source programming packages like 

Django or shapely. 

 

3.4 Data Acquisition 

Improving the base data within the corridor area of interest is an 

important issue because it directly affects the planning process. 

From this point of view, a suggested solution for such 

improvement is to use UAV technology for capturing aerial 

images that should have a good image quality and cover the 

studied corridor area. The flexible use of these devices enables 

the acquisition of very high-resolution aerial images in the 

planning corridors within a short time. The achievable ground 

resolution is 5 cm or better. In this project, these images play an 

important role on several levels. On the one hand, they help the 

participants to connect the geodata provided by different 

(public) authorities with reality more easily: for example, the 

boundary of a nature reserve can be visualized directly in aerial 

images and especially for laymen such partly virtual boundaries 

are then much easier to grasp. Furthermore, the images can be 

used to standardize or improve the geometric information from 

other, i.e. open sources. In addition to the visual information 

from the color image, the participants receive valuable basic 

data for planning purposes through a very detailed elevation 

model of the corridor. 

Finally, participating citizens are given the opportunity to 

contribute their local knowledge about the objects in their 

cultural landscape. Location-based information can be created 

and published in the web platform. This can be, for example, 

geo-information that designates objects worthy of protection 

and related to the (cultural) history of the location.  

 

In this project all steps for the acquisition, processing and 

integration of UAV-based data into the approach are covered. 

Especially the acquisition of corridors poses some challenges, 

which have to be investigated and solved for this project. In 

contrast to flying over individual, spatially clearly defined areas, 

corridors involve flying over areas of different use and 

ownership as well as traffic routes. This means that many 

different parties have to be involved in the application for a 

flight permit. In order to make these steps efficient, it will be 

necessary to communicate with all parties involved at a very 

early stage (land holders, public administrations, possibly 

Deutsche Bahn). This aspect should be considered at a very 

early stage, including meetings with the advisory board and 

affected citizens.  

 

From a technical point of view, corridor flights also represent a 

special case: the flight segments must be selected in such a way 
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that legal requirements for the flight in the line of sight can be 

met. Furthermore, it is necessary to geometrically register and 

signal ground control points. It is necessary to examine how 

much effort is required with regard to the number and 

distribution of the control points. There are many publications 

in which this aspect is investigated (c.f. Gerke and Przybilla, 

2016), but a specific, scientifically supported investigation of 

corridor flights is not yet available.  

The data generated in the photogrammetric evaluation (digital 

surface and terrain models, orthomosaic corridor, and 3D point 

clouds) are used as a basis for the correction and enrichment of 

the underlying geodata. In this context, methods for semi-

automatic classification and mapping of objects such as streets, 

houses, vegetation areas are also investigated (c.f. Crommelinck 

et al., 2016). 

 

3.5 Client side modelling and implementation 

The web client enables the user to access the relevant data in an 

appropriate form. Furthermore, it will provide interaction 

functionalities, e.g. to sketch own planning alternatives and 

compare planning parameters. All calculations are conducted on 

the server, so that the client communicates with the server via 

established interfaces like REST or WebSockets. 

Open JavaScript / TypeScript frameworks like Angular or 

ReactJS will be used as the technological basis for the web 

client. However, it is necessary to extend the technological 

stack with various libraries for different aspects of visualization 

or interaction. For example, it has not yet been determined 

whether to use Leaflet or OpenLayers as the main mapping 

framework for example. This ongoing discussion is related to a 

detailed application definition within the consortium.  

Geodata is planned to share among consortium members and 

software parts based on international standards defined by the 

Open Geospatial Consortium (OGC) like Web Map Service 

(WMS) and Web Feature Service (WFS).  

As the web client is designed to be used by nonprofessionals in 

the first place, a focus on user interaction is essential. Thus, the 

interface has to be self-explanatory and easy to use. To increase 

the user experience, appropriate wizards as well as an assisted 

and guided user approach are an important key during the 

design and development process. 

 

3.6 Evaluation 

In order to test the usability of the public participation platform, 

it also needs to be evaluated for functionality and acceptance 

and, if necessary, technically upgraded. Students are initially 

planned as test persons for the evaluation. The work of the test 

persons will be carried out in terms of acceptance of the 

technical solution and general planning. First objections 

regarding usability, presentation and data basis are documented 

in this way. The evaluation is carried out using established 

social science methods, such as participant observation, 

standardized surveys and qualitative expert discussions. Based 

on this, criteria and impact models are developed to estimate the 

success of the tool with regard to the defined objectives. From 

studies designed specifically for the participation of the citizens, 

fourteen different criteria for the evaluation of regional 

participation can be established (Vatter, 1996). More recent 

literature expands these with sub-criteria and classifies them 

into criteria of participation, criteria of process, and criteria 

aimed at both participation and process (Alpiger, 2019). The 

criteria of participation include, for example, institutional 

integration, representation of the individual participants, and 

reliability of expectations. The criteria of the process include, 

for example, fairness, early and interactive participation, the 

joint definition of decision-making and procedural rules, and 

the expertise of the participants. The transparency of the process 

and direct and comprehensible information are part of both 

participation and process criteria. To successfully evaluate the 

benefits of the planning tool, a real infrastructure planning 

project is accompanied by the project. Because the Project 

InnoPart (rf. Fig. 1) and the developed system are used as 

"Platform-as-a-Service" (PaaS) technology, the previously 

developed approaches must be evaluated with regard to their 

technical transferability for different application scenarios. In 

addition, it is to be examined how "Software-as-a-Service" 

(Saas) offers for recurring use cases can be derived from the 

PaaS environment. This also includes the definition of use cases 

outside the one defined in the project. The need identified here 

has then to be compared with the possibilities of the generic 

InnoPartAPI, which may result in requirements for follow-up 

projects or economic exploitation options.   

In addition to the evaluation of what has been achieved during 

the project period, the economic use must also be considered. It 

will be evaluated to what extent the targeted usage options can 

be realized or expanded with the existing system. 

 

4. DISCUSSION 

We propose a client-server architecture to support early citizen 

participation in large infrastructure projects. Client-based 

mapping tools enable concerned citizens to propose for 

alternative planning solutions. On the server-side, formulized 

legal issues and planning expertise along with implemented 

software tools manage to evaluate the proposed alternatives. In 

Addition to open and official geodata, planning will be 

supported by the provision of current high precision data from 

UAVs. It is anticipated that objectification in the planning 

process leads to a higher overall acceptance and, therefore, to a 

reduced period of the project.  

Risks that must be considered when implementing a tool for 

participation are gaps in effectiveness. It should be noted, 

however, that decisions and compromises that arise in the 

course of planning with the involvement of citizens may be 

overturned in the course of the process or, in the course of 

different procedures, may no longer be accepted by those 

involved as before. Nevertheless, this risk can be offset by 

keeping stakeholders informed and continuously involving 

them. Another aspect that will be considered before 

implementing the tool, is the "perfect time" for its use. It should 

be noted that participation rarely occurs too early and often too 

late. However, the challenge of involving stakeholders early is 

that it is not possible to provide information on all open 

questions regarding the plan and that transparency is provided, 

but in line with a possible lack of clarity (Albrecht, Grüttner, 

Lenk et al. 2013). Nevertheless, the implementation of the tool 

and the associated participation must take place early enough so 

that those who are affected still have a wide scope for decision-

making and co-determination. Besides the general risks, it has 

not yet been demonstrated that technical constraints and 

complex legal situation can be formulized in a way that 

supports automatic evaluation of planning alternatives. That 

also has implications on the realization of a user friendly and 

easy to handle web client. Acceptance of this user interface is, 

therefore, part of the evaluation process.  

Concerning the data acquisition, the systematic capture of UAV 

images in corridors will be examined. Besides, the automated 

update of geospatial (vector) data contributes to the state-of-the-

art. 
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