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ABSTRACT 

This document describes the first version of the visual analytics prototype implemented within Task 7.3 of 

Work Package 7 “Visual Analytics Techniques for Supporting the Policy Making Process and 

eParticipation”. The described prototype provides visual access to the global optimization component 

implemented in Work Package 3 “Global Policy Modelling: Optimization and Decision Support System”. 

  

Deliverable 7.1: Prototype of Visual 

Analytics Techniques (Version 1) 

The project is co-funded by the European Community under the Information and Communication Technologies 

(ICT) theme of the Seventh Framework Programme (FP7/2007-2013). Grant Agreement n°288147. 
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 Introduction 1

This document describes Deliverable 7.1 “Prototypes of Visual Analytics Techniques (Version 1)”.  

The implemented prototype is based on the results of Task 7.1 “Study of the State-of-the-Art in 

Visual Analytics for Policy Modelling” and Task 7.2 “Design of Concepts for Visual Analytics 

Techniques”. 

The main objective of Work Package 7 is to support both the policy makers in their decision 

process, and citizens and stakeholders in providing an informed evaluation of policy options. 

Since decision makers are often not IT experts, they need to be guided via visual‐interactive 

interfaces to be able to analyze impacts of specific policy options. In the same way, visual analytics 

techniques will support eParticipation tools by providing a friendly access to data. Citizens and 

stakeholders could then provide more informed opinions based on easy‐to‐understand data 

visualization. 

During the first phase of the project, the focus of WP7 lied on studying the state of the art in visual 

analytics for policy modeling in the ePolicy project context. Therefore, relevant visual analytics 

techniques related to the main scientific fields of ePolicy have been studied. These fields are: 

 optimization (WP3),  

 agent‐based simulation (WP4)  

 opinion mining (WP6).  

Moreover, the technical components provided by the project partners in the respective work 

packages have been studied in order to design visualization concepts that will support the access 

to the analytical modules by non-IT-expert user. 

The main focus of the first implementation cycle of Task 7.3 described in this document lied on the 

prototypical implementation of a visualization component for the Global Optimizer component  

provided by WP3. The Global Optimizer component is the core component for the policy maker. In 

the second implementation cycle the design and implementation of the visual analytics 

components for the agent-based simulation and the opinion mining modules will be realized and 

delivered in Deliverable D7.3. 

In the following, we will briefly describe the Global Optimizer component provided by WP3, and 

recap the user requirements regarding the access to the Global Optimizer component. Then, we 

will provide a description of the web-based prototype enabling the visual access to the 

optimization component. Finally, we will provide a brief insight into the technical aspects of the 

prototype and conclude with a summary. 
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 The Global Optimizer Component 2

Goal of the Global Optimizer component developed in WP3 is to calculate an optimal energy plan 

at a regional level. An energy plan is created to organize future investments for building energy 

plants in a region. The plan contains long term targets of how many energy has to be produced 

additionally to the current value. Therefore, multiple aspects have to be considered. The 

government has only a limited budget that can be used to incentivize the construction of new 

plants but there is a defined value of new energy that has to be produced. There are multiple kinds 

of energy sources that can be installed, some are more efficient, and others are more sustainable. 

So, the first problem that has to be solved is which mixture of energy sources fits best for the 

region. The complexity of the problem rises due to further constraints. Every region has 

geographical characteristics that restrict some types of energy sources. For example, a 

hydroelectric plant can only be installed if the region has access to enough water resources. In 

addition to that there can be governmental laws that have to be satisfied, e.g. EU directives or 

Strategic Environmental Assessment (SEA) objectives. Often these objectives are concerned with 

the protection of nature and prohibit the extensive use of polluting energy plants. This is also a 

claim of the society because the people are directly affected by the consequences. Given all these 

dependencies it is very difficult to find a solution that satisfies all requirements of the Agenda 

2020. This is where optimization can emulate the problem with a mathematical model and solve it 

by considering all requirements. Examples for variables of an energy plan are: 

 Budget for incentivizing construction of new energy plants 

 Necessary amount of energy needed in the region 

 Regional constraints (e.g. resources) 

 Governmental constraints (e.g. EU Directives) 

 Impacts on environment (e.g. reduction of air pollution) 

 Public opinion (e.g. refusal of biomass plants) 

The Global Optimizer component provides a model to calculate such an optimal plan considering 

these constraints and objective functions. For more details on the Global Optimizer component, the 

user is referred to Deliverable D3.2 “Prototype of the global level policy reasoning system - 

Version 1”. 
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 Requirements on the Visual Interface 3

At the beginning of the project a meeting including the user groups of policy makers, domain 

experts and modeling experts was hold. Requirements for the application were identified and 

communicated. Afterwards we created a questionnaire (Appendix A) that was sent to the parties 

to confirm the identified requirements and determine further refinements. As a result of the 

meeting and the questionnaire analysis, the final requirements for this approach have been defined 

as follows: 

Functional: 

1) Visual definition of target function and constraints (FR1) 

2) Visualization of calculated optimized energy plan (FR2) 

3) Comparison of energy plans (FR3) 

4) Exploration multiple pre-calculated energy plans (FR4) 

5) Consideration of environmental, economic and social impacts (FR5) 

Technical: 

6) Provide application as web-application (TR1) 

7) Consider common visual and interaction styles of web-applications (TR2) 

8) Connect service to optimization module of WP3 (TR3) 

The basic requirements are to calculate an energy plan due to the user inputs. Therefore an input 

interface and visualizations for the results have to be created. The next step is to analyze multiple 

results which can be done in two different scopes. On the one hand the plans should be viewed 

with the complete context to gain an overview. On the other hand a detailed comparison of a small 

set of energy plans is important to find differences. A special focus should be laid into the 

environmental, economic and social impacts because the application’s target is to analyze these 

factors before the energy plan is installed, not afterwards like in previous policy making cycles. By 

understanding previous workflows and combining them with new methods of information 

visualization a quick adaption can be achieved. Since the politicians are directly taken to the 

analysis results by using the application their point of view has to be kept in mind. This means that 

visualizations should focus on the important variables and do not overstrain the politician. That 

level of information would also fit the public stakeholders and would make them able to 

participate in the policy making process.  

Moreover, to improve the availability of the application and thus the communication of analysis 

results the prototype has to be provided as a web-application. Therefore, simple visual encodings 

and interaction styles have to be applied that are common when using web-applications. For 

example, often users do not expect that a right click with the mouse can be used in web-

applications. Therefore, when placing functions on that button they may not be discovered 

intuitively by the user. The same problem appears with the usage of the keyboard for multiple 

selections, only advanced users know that it is common to select multiple objects by holding down 

the Ctrl button. Because some of the user groups are not IT experts these functions could only be 
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used if a guide for using the application is available. But this does not encourage the user to use 

the application and would show that the application was not appropriately designed to the users’ 

requirements.  

Another requirement lies in the connection of the web-application and the optimization program. 

Therefore, the web-application has to convert the input data and communicate it to the 

optimization module. After the computation the results have to be transferred to the web-

application and prepared for visualization. 
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 The Visual Interface 4

The visual design presents data in an easy-to-understand way so that the user can gain knowledge 

efficiently. According to the given requirement analysis the visual interface is able to receive 

inputs from the user and present the optimization results. Additionally, an overview of multiple 

energy plans should be provided as well as a direct comparison of specific energy plans. A special 

focus lies on the environmental, economic and social impacts, the energy plan would cause if the 

respective sources are installed. Therefore the visual design was divided into five views: 

 Input Interface 

 Optimized Plan View 

 Impacts View 

 Overview 

 Compare View 

Please find the prototype at: http://epolicy.igd.fraunhofer.de/D71 

In the following, the layouts of the views and their basic functionalities are described.  

4.1 Input Interface 

The Input Interface’s primary target is to enable the visual access to all possible degrees of freedom 

of the optimization module. With this view the first functional requirement (FR1) is addressed - 

the visual definition of input variables. The optimization model accepts a set of variables that can 

be used in the optimization function as well as multiple constraints. Thus three areas can be 

defined: a) Target function, b) Constraints, c) Labeling of energy plan 

 

Figure 1: Input Interface: Definition of target function (a), definition of constraints (b) and labeling of the energy 

plan (c) 

http://epolicy.igd.fraunhofer.de/D71
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At the top of the Input Interface the user can choose the target function to maximize or minimize 

(Figure 1a). The possible variables to be optimized are listed in the combo box below the Min/Max-

Buttons. In the next area the constraints for the optimization can be edited (Figure 1b). The most 

important constraint is the budget and is displayed first with a bigger slider compared to the other 

constraints. The other constraints are organized in two columns below the budget slider. As a 

default setting the regional constraints regarding the available capacity of possible energy sources 

for the Emilia Romagna Region are set. These constraints represent the energy sources supported 

by the optimization model. Under the constraints display there is another combo box where 

additional constraints like “overall energy” or environmental constraints like air quality” can be 

added. The last area (Figure 1c) holds a text-box to label the plan in order to find the selected plans 

in the Compare View. 

4.2 Optimized Plan View 

The Optimized Plan View presents the calculated energy plan by visualizing the data. To meet the 

second functional requirement (FR2) it gives a fast overview over the important values cost, 

energy and environmental impacts. Additionally the secondary activities are listed which 

separates the view into the following four parts: 

a) Amount of energy and costs per source 

b) Overview of needed secondary activities per energy source (in %) 

c) Amount of needed secondary activity per energy source (absolute) 

d) Overview of impacts on environment. 

 

Figure 2: Optimized Plan View: (a) Overview of costs and produced energy (b) Normalized distribution of secondary 

activities (c) Absolute distribution for one selected secondary activity (d) Impacts on the environment. 

In the top left corner the energy chart shows the produced energy by every energy source (Figure 

2a left). The unit can be changed from kilo tones of oil equivalent per year (kTOE) to Megawatts to 

be installed (MW). Right to the energy chart the cost chart is placed so it is possible to see the 
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relation between the cost for installing an energy source and its produced energy (Figure 2a right). 

We made use of the fact that both bar charts share the same categories and combined them to 

highlight the relation and save space. The data in this view consists of nominal and quantitative 

variables so we chose bar charts as visualization technique.  

Part b) in the Optimized Plan View (Figure 2b) shows all secondary activities that have to be 

performed in order to install the energy plan. The visualization is a normalized stacked bar chart 

representing how many percent of a secondary activity is caused by which primary activity 

(energy source). To view absolute values of the secondary activities the bar chart in the top right 

can be toggled to display the distribution for a single secondary activity (Figure 2c). It is possible to 

select the secondary activity in the chart b) by clicking the bar. Then the absolute values for the 

chosen activity will be shown in the chart c). The colors represent the different energy sources in 

the described bar charts.  

The heat map visualization to the right (Figure 2d) shows the impacts on the environment. This 

visualization was chosen because the data holds positive and negative values that can be 

expressed with a diverging color map. Thus, the user is able to see if an impact is negative (red), 

neutral (white) or positive (green). The values of the impacts cannot be compared because every 

impact is measured in different dimensions. Bar charts would display the values more accurate but 

they would suggest that the values can be compared. Moreover, the heatmap visualization is 

connected to the environmental impacts throughout the whole application to make the user 

recognize faster what information is displayed. The labeling and mouse over tooltips always 

provide the precise values in all visualizations. 

4.3 Impacts View 

The Impacts View (Figure 3 and Figure 4) gives a deeper look into the relations between activities 

and the receptors. Because of the amount of information that has to be presented it was made in an 

extra view accessible on demand. Moreover, the requirement FR5 is realized by paying more 

attention to the impacts through the separate view. 

Each row represents an activity and every column represents an environmental, social or economic 

value that is affected by the activities. Again the diverging color map from the Optimized Plan 

View is used to display the values. The exact values can be accessed with a mouse over. In 

addition the user is able to sort the columns and rows by name or by their sum using the radio 

buttons to the right. This allows distinguishing between activities with higher or lower impacts on 

the environment. By ordering the receptors (columns) based on the summarized impacts caused 

by each activity, the users are able to detect receptors that have highly positive or negative 

changes, respectively. When sorting the activities (rows) by their summarized impacts on the 

receptors it is possible to detect which activities have an overall positive or negative impact, 

respectively. 
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Figure 3: Impacts View: Activities (rows) and receptors (columns) sorted by name. 

 

 

Figure 4: Impacts View: Activities (rows) and receptors (columns) sorted by sum. 
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4.4 Overview 

The Overview (Figure 5(left)) displays all calculated plans to recognize main differences of the 

plans. Thus, a visual design was chosen that enables the display of several energy plans but still 

provides information about important variables. This view tackles the functional requirement 

(FR3) which is the exploration of multiple pre-calculated energy plans.  

 

Figure 5: Overview: Left: Scatter plot with six precomputed energy plans. The energy plan represented by the dot at 

the top is selected. Right: The glyph which shows all information that defines the selected plan. 

 

A scatter plot with the energy plans positioned after their most important values, produced energy 

and cost, reduces the information of an energy plan to the level where multiple plans can be 

displayed but still be discerned very well. To get detailed information on a single energy plan the 

user can select the representing dot which results in highlighting it red and displaying a glyph in 

the sidebar to the right.  

The glyph (Figure 5 (right)) gives a compact overview of all information that defines the selected 

plan. It shows the name of the energy plan entered in the Input Interface and the target function 

that has been selected in text. Below, there are 13 bars that display the main constraints. The first 

bar represents the budget constraint and the other the constraints on the amount of energy to be 

produced by the energy sources. The green area shows the ranges that were set as valid and the 

red area is the non valid space. The little black mark represents the value of the computed 

optimized energy plan. The names of the constraints can be accessed via mouse over. In addition 

to that also a summary for the impacts on environment, society and economy are visualized with a 

heat map. As in all visualizations details are displayed on mouse over.  The linking between the 

glyph and the scatter plot allows showing a reduced overview in the scatter plot while providing 

detailed information on demand with the glyph.  
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Figure 6: Advanced Overview: The scatter plot matrix shows the relation between cost, produced energy and air 

quality. 

By using the “Activate Advanced View”-button in the right sidebar the scatter plot can be 

expanded to a scatter plot matrix where additional relations can be analyzed (Figure 6). At first, 

only the two main variables, cost and energy, are visualized, but additional variables can be 

added. Environmental, social and economic variables can be selected in the right sidebar which 

updates the scatter plot matrix. Now relations between the selected variables can be analyzed and 

possible trends can be discovered. This view offers the possibility to discover new information and 

thus supports the explorative navigation. When switching back to the single scatter plot view it is 

possible to select multiple energy plans by drawing a rectangle over the dots (Figure 7). Every 

point inside the rectangle will be selected and highlighted green. To select multiple groups of dots 

the selection rectangle has to be moved over the dots. Also subsequently drawn rectangles will 

add the dots to the current selection. The selection can be reset by a single click on the scatter plot. 

The number of selected plans is displayed in the right sidebar and the “Compare Selection” button 

opens a new view where the selection is compared in more detail. 

 

Figure 7: Selection of energy plans in the Overview. 
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4.5 Compare View 

The Compare View (Figure 8) has the target to compare a smaller set of energy plans that the user 

is interested in. This view covers the functional requirement (FR3), i.e. the comparison of energy 

plans. The level of detail has to be higher than in the Overview to point out differences between 

the selected plans. Therefore multiple visualizations display the crucial variables separately. The 

view is organized in three layers of information. 

a) Compare energy and cost 

b) Compare energy produced by different sources 

c) Compare caused impacts on environment 

 

Figure 8: Compare View: (a) Comparison of three energy plans in total produced energy and overall cost. (b) Energy 

and cost split up on the different energy sources used by the energy plan. (c) Comparison of environmental impacts 

caused by the energy plan. 

Layer a) allows the user to get a fast overview of the compared plans by presenting overall energy 

produced and overall costs of each plan with bar charts. Layer b) splits the costs onto all energy 

sources and displays them as grouped bar charts allowing the comparison of the value of an 

energy source of one energy plan to the value of another energy plan. And finally the known heat 

map (c) shows the different impacts on environment, society and economy. The sidebar to the right 

displays the legend with the color encoding. Moreover, the user can select an energy plan from the 

combo box or simply click on a bar in the charts. By selecting the “Show Details” button the 

selected energy plan is displayed in the Optimized Plan View. 
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 Summary 5

In this document we have described deliverable D7.1 “Prototypes of visual analytics techniques, 

version one”.  It consists of a visual interface to the Global Optimizer component developed in 

WP3. First, we described our methodology for the implementation cycles in WP7. Then, we 

summarized the basic functionality of the Global Optimization component being targeted in the 

first implementation cycle. We recapped on the requirements analysis process and summarized 

the resulting user requirements, achieved from interviews and a questionnaire. (Please find it 

attached.) Then, we described in detail the web application consisting of several views, and 

interaction modes. Finally, we provided a description of the technical aspects considered. The 

visualization system has been submitted for publication to the International Symposium on Visual 

Computing (ISVC 2013)1. We are proud to anounce that the paper has been accepted and will be 

presented this year at the conference.  

As next steps, the visualization system will be evaluated, regarding its usefulness and usability 

(see D7.2). In the second implementation cycle (see D7.3), visual interfaces for the social simulation 

component and the opinion mining component will be designed and implemented. Furthermore, 

the existing presented visual interface to the Global Optimizer component will be refined, based 

on further upcoming requirements and the results of the evaluation. 

 

 

 

 

 

 

  

                                                      
1 T. Ruppert, J. Bernard, A. Ulmer, A. Kuijper, J. Kohlhammer. Visual Access to Optimization Problems in 

Strategic Environmental Assessment. In: G. Bebis et al. (eds.) International Symposium on Visual Computing 

(ISVC2013). LNCS, Springer, Heidelberg (2013). 
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 Appendix – Requirement Analysis Questionnaire 6

 

ePolicy – Engineering the policy making life-cycle 

Questionaire 

 

Intro 

The ePolicy project is a joint research project funded by the European commission with the goal to support 

policy makers in their decision process. One of the use cases in the project focuses on optimizing the 

regional energy plan of the region Emilia Romagna in Italy. 

At the following Link (URL: …) you will find a first version of the of the ePolicy visualization prototype.  

The underlying questionnaire will be used to detect user requirements for the visual interface, and to 

evaluate the first version of the visualization prototype. Please fill in the first part of the questionnaire 

(“Requirement Analysis”), before exploring the visualization prototype. Please do not resize the window 

when using the prototype.  

 

General Questions 

Personal Information 

Name (optional): _______________________________________________________________ 

Profession:  _______________________________________________________________ 

Degree of education: _______________________________________________________________ 

Domain of expertise: _______________________________________________________________ 

Analysis tasks:  _______________________________________________________________ 
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Requirements Analysis 

What is your role in the policy making process? 

 Decision Maker 

 Policy Analyst 

 Modeling Expert (e.g. mathematician, climate researcher) 

 Domain Expert (e.g. in energy domain); please specify domain 

 Public Stakeholder 

 Other: ______________________________________________________________________ 

Are you using mathematical methods in the context of policy making? 

 Yes 

 No 

Which mathematical methods are you currently using in the context of policy making? 

 Optimization; in which policy domain: ____________________________________________ 

 Simulation; in which policy domain: ______________________________________________ 

 Statistical analysis; in which policy domain: ________________________________________ 

 Game theory; in which policy domain: ____________________________________________ 

 Opinion Mining; in which policy domain: ___________________________________________ 

 Other, in which policy domain:___________________________________________________ 

Which of these mathematical methods should be included in the future to the policy analysis 

process? 

 Optimization; in which policy domain: ____________________________________________ 

 Simulation; in which policy domain: ______________________________________________ 

 Statistical analysis; in which policy domain: ________________________________________ 

 Game theory; in which policy domain: ____________________________________________ 

 Opinion Mining; in which policy domain: __________________________________________ 

 Other, in which policy domain: __________________________________________________ 
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Are you using any analysis software in the context of policy modeling? Which? 

__________________________________________________________________________________ 

Which tasks are you addressing with this software?  

__________________________________________________________________________________ 

Are there any further analysis tasks that are addressed? Who provides the solutions?  

__________________________________________________________________________________ 

__________________________________________________________________________________ 

In the ePolicy project an energy plan is designed based on the concept of strategical 

environmental assessment (SEA). The impact of new policies on the environment is evaluated. An 

optimal solution has to fulfill several given constraints while optimizing a given objective function. 

Both - objective function and constraints - can be specified by the user.  

Which of the following objective functions do you consider relevant?  

 Maximize energy 

 Minimize costs 

 Other, please specify (see annex more options):_____________________________________ 

__________________________________________________________________________________ 

 Combinations thereof, please specify:_____________________________________________ 

Which of the following constraints do you consider relevant?  

             Minimum         Maximum 

Budget                

Installed power (in MW)             

Installed power per energy source            

Energy to be produced (in KTOE)         

Electrical Energy to be produced       

Thermal Energy to be produced        

Energy to be produced per energy source      

Impacts on environment       

Please specify which (see webservice  

for examples) :______________________________________________________________________ 
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Some of the information used for the calculation of an energy plan is hidden in the model. Please specify 

which of the following data you might want to adjust! 

 Cost per installed MW of energy per source 

 Regional receptivity constraints on maximimum of energy to be installed per source 

 Dependencies between primary and secondary activities (secondary activities are needed to built 

energy plants but do not produce energy themselves (e.g. power lines, etc.)) 

 Qualitative impact of activities on environment (e.g. positive, neutral, negative) 

 Other:_______________________________________________________________________ 

Which of the following information should be provided as output of the optimal solution? 

 Installed power (overall) 

 Installed power (per source) 

 Energy produced (overall) 

 Energy produced (per source) 

 Costs (overall) 

 Costs (per source) 

 Impacts on environment (overall) 

 Impacts on environment (per source) 

 Impacts on environment (per source per activity) 

 Amount of secondary activities (overall) 

 Amount of secondary activities (per source) 

 Costs of secondary activities (overall) 

 Costs of secondary activities (per source) 
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For the comparison several plans, which of the following information should be provided as output of the 

optimal solution? 

 Installed power (overall) 

 Installed power (per source) 

 Energy produced (overall) 

 Energy produced (per source) 

 Costs (overall) 

 Costs (per source) 

 Impacts on environment (overall) 

 Impacts on environment (per source) 

 Impacts on environment (per source per secondary activity) 

 Amount of secondary activities (overall) 

 Amount of secondary activities (per source) 

 Costs of secondary activities (overall) 

 Costs of secondary activities (per source) 

Which of the following tasks are relevant for your work? 

 Analysis of one optimal solution 

 Comparison of several optimal solutions with different objective function and constraints specified 

by user 

 Exploration of several optimal solutions optimal solutions with different objective function and 

constraints precalculated and stored in database 

 Other, specify: _______________________________________________________________ 

 

 

 

Thank you very much for your support! 

  

The ePolicy Project Team 


