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ABSTRACT 
 
This diploma work has been done as a part of the EC funded projects, MUSIC 
VK1-CT-2000-00058 and SmartDoc IST-2000-28137. 
The objective was to create an intuitive and easy to use visualization of flood 
forecasting data provided in the MUSIC project. This visualization is focused 
on the Visual User Interface and is built on small, reusable components. The 
visualization, FloodViewer, is small enough to ensure the possibility of 
distribution via Internet, yet capable of enabling collaboration possibilities 
and embedment in electronic documents of the entire visualization. 
Thus, FloodViewer has been developed in three versions for different 
purposes. 
 

- Analysis and report generation (FloodViewer) 
- Collaborative analysis (FloodViewerNet) 
- Presentation and documentation (FloodViewerX) 

 
 
 
Sammanfattning 
 
Detta examensarbete har utförts som en del av EU finansierade projekt, 
MUSIC VK1-CT-2000-00058 och SmartDoc IST-2000-28137. 
Målet var att skapa en intuitiv och lättanvänd visualisering av prognosdata för 
översvämningar, tillgängliga genom MUSIC projektet. Denna visualisering 
fokuserar på det visuella användargränssnittet och är byggd med hjälp av 
små, återanvändbara komponenter. Den här visualiseringen, FloodViewer, är 
tillräckligt liten för att säkra möjligheten av dess distribution via internet, men 
ändå klarar den av kollaborativt arbete och hela visualiseringen är möjlig att 
integrera i elektroniska dokument. 
FloodViewer har utvecklats i tre olika versioner designade för olika uppgifter. 
  

- Analys och rapportering (FloodViewer) 
- Kollaborativ analys (FloodViewerNet) 
- Presentation och dokumentering (FloodViewerX) 
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1. INTRODUCTION 

In the last twenty years many research projects have dealt with the possibility 
of estimating rainfall fields by means of meteorological radars and/or by 
means of Meteosat1 images. Unfortunately, none of the projects has a 
conclusive statement on the subject, mainly due to the low reliability of these 
estimates, which still induces low credibility on their use in quantitative real-
time flood forecasting, as an alternative to the traditional techniques based 
upon rain gauge networks. 
 
Most visualization systems today are very large systems that have to be 
installed and licensed, which can generate great expenses. If there is a desire 
to work in a collaborative environment, even more systems have to be 
installed. Another possibility is to collaborate in the primitive way by sending 
faxes or calling each other. 
 
This diploma work proposes a way to better visualize meteorological data and 
provide means for easier understanding and decision-making in flood 
forecasting. This visualization will be a Web-based application component 
developed from available true "atomic" (low-level [3]) components that are 
scalable and customizable, yet providing a small footprint suitable for Web 
distribution. The implemented prototype will also allow for collaboration 
over an arbitrary network, using the whole visualization scenario and the 
possibility to embed the entire visualization in an electronic document. 
 
The FloodViewer has been developed based on end user requirements in two 
EC funded projects, MUSIC and SmartDoc. MUSIC has defined the overall 
application scenario while SmartDoc defines the architecture and 
development platform. The visual user interface is of central importance to 
the architecture of SmartDoc components, which allows the user to directly 
manipulate the rendered objects in the visualization. A VUI complements the 
traditional GUI in order to give the user a more active role in the visualization 
process. 
 
The work done in this diploma work, together with additional work by the 
author and Professor M. Jern have also resulted in an accepted paper at MIS 
(Management Information System) conference 2002 in Halkidiki Greece [2]. 
 
Chapter 2 will discuss the background for this diploma work. The following 
chapters describe the pre-defined requirements and the tools used to 
accomplish them. Chapter 5 presents the implementation of the three versions 
of FloodViewer and subsequently comes the results and conclusions sections. 

                                                 
1 Meteosat is a satellite program, in an intergovernmental organization in 
Europe 
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2. BACKGROUND 

This section will briefly describe the background to the creation of 
FloodViewer. It is a diploma work within the scope of two various EC 
projects. However, both EC projects share similar objectives. 
 

2.1 MUSIC 

The first EC project is MUSIC (VK1-CT-2000-00058) [11]. MUSIC stands 
for Multi-Sensor Precipitation Measurements Integration, Calibration and 
Flood Forecasting. 
This project aims, on the one hand, at improving the reliability of the rainfall 
estimation techniques based on radar and Meteosat, by combining them in an 
objective and optimal way, with the traditional rain gauge observations; on 
the other hand seeking to improve the communication and the dissemination 
of results to the authorities involved in real-time flood forecasting and 
management. 
 
The project partners are: 
 

- University of Bologna (Italy) 
- University of Newcastle upon Tyne (UK) 
- Consiglio Nazionale delle Rierche (Italy) 
- Gematronik GmbH elektronische Anlagen (Germany) 
- ET&P Srl-Environmental Technologies and Products (Italy) 
- AVS/UNIRAS aps (Denmark) 
- Agenzia Regionale Prevenzione e Ambiente dell’Emilia Romagna 

(Italy) 
- Fondazione per la Meteorologia Applicata (Italy) 
- Institute of Meteorology and Water Management (Poland) 

 
MUSIC has the following main objectives: 
 

- Improve the overall precipitation forecasting reliability. 
- Develop a precipitation data fusion system (weather radar, satellite 

and rain-gauge). 
- Integrate and test the improved facilities in well-proven flood 

forecasting models with known characteristics. 
- Provide a measure of the uncertainty of the precipitation estimates and 

the flood forecasts. 
- Design new methods of visualization and dissemination of 

precipitation and flood warning data 
 
This diploma work will address the last objective, aiming at a qualitative and 
intuitive visualization. 
 

5
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2.2  SMARTDOC 

The second EC project is called SmartDoc (IST-2000-28137) [10], and has 
the objective to develop Visual Data Navigators or "Collaboratories" that 
incorporate an entire interactive data visualization and navigation session into 
a Web document, allowing users and project teams to collaborate and share 
data, information and visual insight while distributed over standard or mobile 
Internet. The "Collaboratories" are Web-based application components 
developed from available true "atomic" (low-level) components that are 
scalable and customizable, yet providing a small footprint suitable for Web 
distribution.  
The SmartDoc project will develop a varied and powerful selection of very 
interactive visualization application components to be integrated into Web 
documents.  
 
The partners are: 
 

- AVS (Denmark) 
- AETmed (Italy) 
- Intecs (Italy) 
- Unilever (Great Britain) 
- University of Manchester (Great Britain) 
- Linköping University (Sweden) 

 
 
One of SmartDocs goals is to integrate visualization tools into electronic 
documents, i.e. a way to visualize the data described in the document using an 
embedded visualization. SmartDoc application components will share an 
“engine”, responsible for all rendering and interaction, called the SmartDoc 
Viewer, which will be available for free download (~6 MB) on the web 
(compare with Adobe Acrobat Reader). This Viewer acts as a plug-in and 
will allow the user to view and examine the content of SmartDoc application 
components and documents. This architecture enables the small footprint to 
facilitate distribution of small-sized application components on the Internet. 
The overall concept is shown in figure 1. SmartDoc provides three versions of 
the same application to be used in one of the following scenarios. 
 

- Analysis and report generation 
- Collaborative analysis  
- Presentation and documentation  
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Figure 1: The concept of interactive data visualization embedded in electronic documents. 

 

2.3  INNOVATION OF FLOODVIEWER 

FloodViewer is aimed to be a visual user interface to a flood forecasting 
system. The focus of the application is defined through the MUSIC EC 
project and this diploma work was defined to accomplish the creation of the 
visualization part of MUSIC. The overall goal is to develop an innovative 2D 
and 3D Visual User Interface (VUI) that will enable the users to take a more 
active role in the process of visualizing and investigating flood forecasting, 
allowing them to better understand the data and uncertainty behind the 
forecasting system. FloodViewer also provides innovative collaborative 
visualization tools enabling the meteorologists, hydrologists, operation 
managers and the civil defense manager to view and discuss the forecasting 
results in real time across an arbitrary network before finally interacting with 
the media, the police, other officials and the public. Through the collaboration 
with SmartDoc, not only an investigative and a collaborative system are 
developed, but also the possibility to include the application in electronic 
documents, i.e. Microsoft Word, PowerPoint and Explorer. 
 
 

7
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3. PRE-REQUISITES  

 
This chapter will give the background information to why FloodViewer is 
developed and implemented the way it is. First the assignment and objectives 
for this diploma work will be stated. This will be followed by a short list of 
user requirements from MUSIC and SmartDoc respectively. 
 

3.1 DIPLOMA WORK OBJECTIVES 

This section describes the assignment specified for this diploma work. It 
gives an overview of the demands for interactivity and some of the required 
features. 
 
 
3.1.1 Assignment 
 
This diploma work is aimed at designing, developing and testing of a 3D 
flood/terrain viewer in cooperation with firstly the EC project SmartDoc but 
also the EC project MUSIC and SMHI2. As this diploma work is part of an 
EC project, there are high demands for presenting, documentation, testing and 
structuring of programmed code. FloodViewer will be developed using 
Microsoft Visual Basic together with the graphics library OpenViz, which 
contains a set of COM based components. 
 
3.1.2 Interactivity 
 
The system must be intuitive to use and give an experience of full 
interactivity with underlying data. Area selection in 3D, drill down and 
brushing are some of the VUI methods that must be supported. 
 
 
3.1.3 Specification 
 

- Learning of software and documentation; OpenViz, Visual Basic, 
COM, commercial GIS applications, GSD terrain elevation database. 
Studies of existing GIS technology, implementation and software. 

 
- Implementation of OpenViz 3D surface application with GSD and 

other data. Implementation of zooming through existing features. 
 

- Development and programming of a known interpolation method, for 
interpolation of irregular data on a regular grid. Testing and evaluation 
of interpolation algorithms. 

 
- Integration of interpolation algorithms in 2D contouring into the 

OpenViz application. 
 
                                                 
2 Swedish Meteorological and Hydrological Institute 
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- Integration of GIS vector data with 2D contour. 2D contour with 
defined boundaries. 

 
- Development of FloodViewer – integration of 3D surface (with zoom) 

and 2D contour. 
 

- Conversion of FloodViewer to an ActiveX component and 
development of a SmartDoc component in cooperation with other 
SmartDoc diploma workers. 

 
- Written documentation and presentation including demonstration of 

results. 
 

3.2 USER REQUIREMENTS 

To more thoroughly understand the needs and requirements from the end 
users, Intecs in Pisa was contacted. Intecs, one of the end user partners in the 
SmartDoc EC project, suggested the following list of visualization and 
interaction features. 
 

- 3D visualization 
A first requirement when managing geo-spatial data is its 
representation in three dimensions, both for vector and raster data.  
Typically, the visualization in three dimensions of vector data means 
choosing one of the attributes associated with the data and displaying 
it in the third dimension. 
When raster data are involved, as digital elevation models, the value 
of a pixel can be interpreted as the elevation of the point relating the 
earth surface, thus allowing the extraction of a 3D reconstruction of a 
surface region from a 2D “flat” image. That is, the process uses the 
value stored in a pixel as the extrusion factor. In this case, a second 
image can be used to “texture” the region so that its original aspect 
can be recreated. 

  
- Cutting planes 

Cutting planes allow the user to see sections of interest in the data. For 
example, they can be used to slice through the volume and see height 
variations at a cross section of longitude and latitude. A useful feature 
SmartDoc should provide is ability to change the position of cutting 
planes simply by clicking and dragging them. 

 
- Crop data 

Cropping allows the user to cut out unwanted data, for example, data 
that do not fall within certain coordinate boundaries. 

 
- Contour mapping 

This technique consists in the placement of contour lines indicating 
constant elevation on a topographical map. These iso-lines are used to 
visualize characteristics of two-dimensional data that tend to vary 
continuously.  

9
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- Fly-through 
This feature requires a multi-window application: in one window, the 
user can trace the walk to be visualized on a 2D map in a second 
window in three dimensions. This allows the user to explore the data 
from different points of view at different angles or elevation points. 

 
- Pan, Zoom, Rotate 

 
- Controllable Lights 

 
- Titles, legends 

 
 

3.3 ARCHITECTURE REQUIREMENTS 

In the SmartDoc EC project, additional requirements have been set. Existing 
weather and flood forecasting visualization systems are standalone, huge and 
rather complex systems. Such a system has to be licensed and installed on 
each workstation. One example is an application done in AVS Express [23] 
by one of the partners in the MUSIC project, ET&P. AVS Express requires 
over 120 MB disk space just to be installed and a run time license. 
Meanwhile, the SmartDoc Viewer has to be downloaded only once and is 
~6MB in size (compare to Adobe Acrobat Reader). Once this Viewer is 
installed any SmartDoc component can be downloaded and viewed. Each 
application component, as the FloodViewer, is typically only 200-300 kB in 
size.  
This small footprint of application components enables for easy distribution 
via the Internet. It also simplifies the creation of web-enabled application 
components, another requirement in SmartDoc. As is the use of visual user 
interfaces, i.e. direct interaction with elements within the visualization. 
Another requirement of SmartDoc is to enable the application for 
collaborative work.  
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4. TOOLS 

As stated earlier, FloodViewer has been developed to address three different 
application scenarios; analyze, communicate and collaborate. They all have 
been developed using Microsoft Visual Basic™ 6.0. To assist in building 
visualization application components, the low-level graphics component 
library OpenViz™ 2.1.1 from AVS has been used. To create the network 
version FloodViewerNet, DirectX™ from Microsoft has been implemented to 
simplify the creation of the collaborative environment. 
 

4.1  VISUAL BASIC 

Visual Basic was first released in 1991 and revolutionized the development of 
Windows applications by allowing access to many controls and messages of 
the Windows environment. VB also allows reusable components (VBXs – 
Visual Basic eXtensions) in your application with help of the COM 
technology (Component Object Model). COM is a low-level specification by 
Microsoft on how components should be integrated and also how various 
components should interact and share information. The benefit of COM is the 
ability to reuse previously existing components, which clearly is a time 
saving and efficient way to build larger systems.  
VB is an interpreted language, which means that the program compiles the 
code into an intermediate language. Drivers that are installed on the used 
system can later interpret this language and translate it to executable 
commands that the system can carry out. Due to the fact that VB is 
interpretive it is also relatively slow. Other coding languages like C/C++ are 
directly compiled into machine commands and thereby much faster. 
 
The use of Visual Basic for visualization purposes might seem strange, but in 
fact Visual Basic is a widely spread programming language, appreciated 
especially for its simple way to generate user interfaces. In FloodViewer, VB 
also allows for interaction and use of other objects, such as COM objects or 
components from the OpenViz library. Visual Basic has been used to create 
the graphical user interface (GUI) and to embed other components desired in 
the application. 
 

 
Figure 2: Easily created GUI in VB 

 
Why is VB used in the creation of FloodViewer? Mainly, because the pre-
requisites stated that VB should be used. This was the selection made due to 

11
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the simplicity of making graphical user interfaces in VB. In the older BASIC 
or other command line programming languages, the programmer had to write 
the code for the entire user interface herself. Windows, buttons, lists and other 
application features such as menus are today built into the VB programming 
language. This can save up to 80% of a programmer's time [12,13]. 
 
This built-in interface creation capability has had the further benefit of 
standardizing the user interface of Windows applications. Today, users can 
move from one Windows application to another and see the same basic 
interface tools to work with - allowing them to concentrate solely on the 
unique capabilities of the application.  
 
In conclusion, FloodViewer’s graphical user interface is created in Visual 
Basic 6 [1]. It is also used to embed the low-level components from the 
OpenViz library. 
 

4.2  OPENVIZ 

An applications user interface is no longer merely a screen design and a menu 
layout. Today it must also be a method of interacting with the application and 
its data. This is one of the reasons to use the OpenViz graphics library from 
Advanced Visual Systems (AVS) [19]. This library contains components not 
only for visualization purposes, but also to create a visual user interface. VUI 
is a method of enabling the user to take a more active role in the process of 
visualizing and investigating data. The most revolutionary difference between 
a traditional GUI and VUI is that users interact directly with the on-screen 
graphics and the data behind the graphics without having to work with 
traditional GUI controls such as pull-down menus, dialogs, or slider bars. In 
VUI applications, the aim is to create a data-centric view in which the user 
responds to and interacts with the actual visual presentation of the data on the 
screen – not menus, commands, or other "modes" for preparing data for 
presentation. 
VUI-based applications enable the user to directly manipulate graphical 
objects that respond interactively and immediately to the user’s input actions. 
The user interacts in both 2D and 3D space (using a pointing device) with an 
immediate graphical feedback response, without the need for moving to a 
secondary menu window. The interactive components in OpenViz are 
designed for the development of VUI based applications.  
 
In general the OpenViz library can be described as a collection of 
components that each performs a unique function. Some read in data, others 
map data into a data structure, while others perform specific functions with 
this data. By sequencing these components in a particular order and linking 
them together, you combine the data handling and visual capabilities of each 
to create a visualization that presents your data the way you want it [9]. 
To give a better understanding of OpenViz, the following sections will 
describe the component hierarchy, the scene tree and the event model of the 
library. 
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To run FloodViewer or any other OpenViz applications, an OpenViz viewer 
(compare to SmartDoc viewer in section 2.2) must be installed. This viewer 
can be downloaded for free. This viewer is ~6 MB in size, but will only have 
to be downloaded once, then all applications using OpenViz can be viewed. 
The viewer contains all functionalities to render the OpenViz scenes. When 
the viewer is downloaded, the user can download desired small-sized 
application components, typically 200-300 kB. This way of distribution can 
be compared to Adobe Acrobat Reader. Of course, Acrobat reader views 
documents and the OpenViz viewer views visualizations, but the general idea 
is the same. 
 
 
4.2.1 Component Hierarchy 
 
The OpenViz library provides low-level components, which typically are task 
specific high performance data structures. These can later be used to form 
functional components, which in turn can result in an application component. 
This is a well-defined concept suitable for OpenViz applications.  
In FloodViewer, this hierarchy can be exemplified by figure 4, which in short 
shows how an atomic component, an axis, can be combined with other axis to 
create a functional component, a 3D axis system. Combining this axis system 
with other functional components, for instance a surface map, can result in an 
application component, such as FloodViewer. 
 
 

 

Figure 3:  Hierarchy of components. 
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4.2.2  Scene Tree 
 
The OpenViz viewer renders the graphics in an application such as 
FloodViewer. To accomplish this the scene is described by a scene tree. This 
manifests how all components are linked together to create the desired 
visualization. The viewer contains the scene root to which all other scene 
nodes are connected. There are two types of nodes: geometry scene nodes and 
group scene nodes. Group scene nodes are nodes that form the structure of the 
scene tree, and geometry scene nodes are what the Viewer actually renders to 
create the visualization. 
When the renderer starts drawing, it starts at the scene root and asks for all 
the children from each group scene node. As it works its way along the scene 
tree, the renderer draws the geometries it finds in each geometry scene node 
in the order it encounters them.  
 
But to create these types of visualizations, more than just geometries are 
needed. All data in OpenViz are internally represented as fields. A field 
contains a set of nodes. Each node has a location, which can be an index into 
an array or a 3D coordinate that describes a position in space. In addition to 
its location, each node can have one or more data items associated with it. For 
example, consider a data set that contains temperature and pressure values 
measured at various locations in space. Each measurement point is a node that 
has two data items (temperature and pressure) associated with it. A field also 
contains a transform matrix that can be applied to each node in order to 
change the node’s location. 
 
Additional information that exists in the scene tree is attributes. All nodes can 
have attributes assigned to them and these are important parts of the scene 
tree, which impact much of what is ultimately rendered.  
Part of FloodViewers scene tree can be seen in figure 5. The scene nodes in 
the middle with the yellow arrows originating from them are the interactor 
nodes that enable possibilities for the VUI. Additional information of the 
nodes consisted in this part of the tree will be given in Appendix C. 
 
 

 
Figure 4: Part of the FloodViewer scene tree 
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4.2.3 Event Model 
 
The Event Model describes the behavior of OpenViz components in response 
to changes in component properties or underlying data that may occur during 
execution. When new data are available or when the user requests some 
change to what is displayed in the viewer, component data values must be 
recomputed and affected scene components must be redrawn. The OpenViz 
"Push-Dirty, Pull-Data" model provides an efficient means of managing this 
updating process. 
Any time a change is made to an OpenViz component property, that 
component is automatically marked as dirty. This designation means that any 
output data it has provided may no longer reflect its current state. In order to 
provide valid output data, the component needs to re-compute its output 
based on its new state. This re-computation is executed whenever 
computations are necessary to generate valid output that reflects the 
components new state.  
 
 

4.3 NETWORK KIT 

As mentioned earlier, SmartDoc components are generally created in three 
different versions. One version is the collaborative application, which is used 
to work in a collaborative environment. As it is unnecessary to invent the 
wheel twice, FloodViewer uses the Network Kit [5] to become 
“collaboratized”. 
 
 
4.3.1 What is the Network Kit 
 
The Network Kit is a collaborative toolkit, which can be used to 
“collaboratize” a visualization application by adding the toolkit to an 
application. 
The toolkit is designed to support visualization applications written in Visual 
Basic 6.0 using the AVS OpenViz graphics library. To use the toolkit or an 
application that has an implemented version of it, Microsoft Direct Play 8.0 
must be installed. Direct Play is a part of the DirectX API and a standard 
already in use for network gaming. 
The toolkit contains everything necessary for connecting computers, creating 
and joining sessions. There are also predefined message types for handling 
these tasks. Besides these messages, the Network Kit also contains a few 
predefined message types to help in creating those specific messages wanted 
in the users own application. The messages contain how to send one ore more 
values of type integer or double and also a specification for a 4x4-matrix for 
use in different transformations. Furthermore, code for handling a basic text-
chat is included. 
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4.4 BOOKMARK KIT 

Another important feature in SmartDoc applications is the ability to save 
bookmarks, i.e. save settings and parameters of the application at any given 
time. To enable this, a Bookmark Kit [6] has been developed within the 
SmartDoc EC project. 
The Bookmark Kit is a tool that adds bookmarking functions to Visual Basic 
applications. This kit is quite similar to the network kit, but instead of sending 
the parameters and matrices, it enables storing of them. These bookmarks can 
be saved to and read or deleted from the designated and allocated memory 
area. 
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5. IMPLEMENTATION 

This chapter will describe the implementation of FloodViewer shortly, using 
software and requirements earlier described. This chapter also gives an 
overview of the data to be handled, the user interfaces, the visualization and 
the extra features to create a collaborative environment and an integrated 
application for electronic documents. 
As mentioned earlier, FloodViewer is developed in three different versions to 
cover the usage areas: 

- Analysis and supervision (FloodViewer) 
- Collaborative analysis (FloodViewerNet) 
- Presentation and documentation (FloodViewerX) 

 
All three applications will be generally described under the name 
FloodViewer. The creation of FloodViewerNet and FloodViewerX will be 
described in sections 5.5 and 5.6 respectively. 
 

5.1 DATA 

FloodViewer is a VUI to a flood forecasting system. See figure 6 below. 
Although MUSIC will be used for several case studies, the current 
FloodViewer version is implemented using data from a case study for the 
Arno3 river area. Flood forecasting systems use input data from many sources 
including radar, satellites and gauge stations. Data fusion is an important task 
handled by FloodViewer. 
 

           
Figure 5: MUSIC pipeline. VUI part is FloodViewer. 

                                                 
3 A river in central Italy. Rising in the Apennines, it flows mainly west trough 
Florence and Pisa to the Liguarian Sea. It burst its banks in 1966 causing 
disastrous floods in Florence. Length: 240 km 
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FloodViewer currently use data from the Arno river area. Other data and 
regions are supported to demonstrate special features not yet implemented for 
the Arno river. 
This chapter firstly describes those data types used for the Arno case study. 
Examples of visualizations of these data types are shown in figure 7. As with 
any data handled by OpenViz, it is represented as an OpenViz field (see 
section 4.2). Later in this chapter those extra data types FloodViewer is 
capable of handling are described. 
 
 
5.1.1 Digital Elevation Model 
 
The terrain used in this application is a DEM-file (Digital Elevation Model) 
[18] containing ~18000 measurements of height for the region to be 
visualized. This data is read by FloodViewer and represented in a structured 
field with equally spaced grid points, each step in the grid representing one 
kilometer. This data is then interpolated in the 3D-view and represented in 
raster form in 2D. 
 
  
5.1.2 Rain radar data 
 
In the same area, data created from rain radar measurements are available 
using the same grid size as the DEM data. The data is relative to the same 
zone and are collected through the use of radar equipment. Data contains 
calculations of hourly rainfall during 73 consecutive hours in the period 
between 20th November 2000 at 14:00 and the 23rd November 2000 at 14:00. 
The Rain data are represented in millimeter multiplied by 100. This data is 
visualized as a raster map displayed on top of the 2D terrain. 
 
 
5.1.3 River 
 
The data provided to visualize the Arno River is a collection of more than 
25000 points divided into ~800 segments. The river segments are read into 
FloodViewer and individually visualized as line strips. Through this 
representation, visual cropping of the dataset is simply a matter of comparing 
two one-dimensional arrays with a boundary. 
 
 
5.1.4 Gauge 
 
The Arno river sub basins have 55 gauge stations for rainfall measurements. 
At each station, measurements of rainfall are collected. Data concerning the 
gauge stations consists of a location and an index for each of them. 
Additionally, there are rain measurements for each of the 73 hours described 
earlier at virtually every gauge station.  
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5.1.5 Basin 
 
The river delta is divided into several sub basins. Each basin represents an 
area of river segments. A basin typically has one point where all its segments 
meets, a point from where the rest of the basin are up stream. This basin data 
set has been recreated to be able to draw each basin independently of the 
other. Independent drawing capability is necessary to ensure the possibility of 
correct cropping and the future possibilities of selecting arbitrary basins for 
further drill-down techniques. The basins are then visualized using line strips. 
 
 

 
Figure 6: The data types of FloodViewer: Top left – terrain, top right – rivers, middle left – 
gauge points, middle right – rain radar data, bottom left – sub basins, bottom right – over 

layered image of all available data. 

 
 
 

5.2 VISUAL USER INTERFACE 

When building applications most developers and researches agree on the 
importance of an intuitive and easy to use user interface. When these topics 
are discussed, the focus often lies on the graphical user interface, i.e. buttons, 
sliders and menus etc. This study, in accordance with the SmartDoc concept, 
prioritizes the visual user interface. This interface is shortly described as the 
way to interact directly with the visualization and the underlying data. Some 
examples of VUIs are the Crop rectangle and the ability to use picking on 
several objects, i.e. select some object by a click with the mouse. Another 
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important feature is the possibility to interact with the scene nodes through 
translation, zooming and panning, all implemented in FloodViewer. To 
accomplish this, the VUI has been constructed using OpenViz components. 
Of course, the use of a VUI does not eliminate the necessity of a graphical 
user interface. 
 
 

 
 

Figure 7: The user interfaces of FloodViewer 

 
FloodViewer is initially divided into two main windows, a 3D-view and a 
2D-view. By right clicking, the user can select to use only the 3D- or the 2D-
view, which will maximize the display area. Using the whole visualization 
area for one of the windows is shown in figure 8 above. This is one of the 
available VUI functions. Other VUI functions shown in the figure are the 
crop rectangle and the possibility to interact with the directional light 
representation. 
 
 
5.2.1 Transformations 
 
The most obvious interaction capability in FloodViewer is the way to 
transform the views. The 3D-view can be rotated, panned and zoomed in an 
arbitrary fashion. These transformations are achieved using the mouse and for 
panning and zooming using additional buttons "Shift" and "Ctrl". 
Even the 2D-view can be transformed. The transformation options are the 
same and executed in the same way, with the exception that all rotation is 
disabled. 
All transformations can also be applied to the graphical representations of the 
lights by selecting and manipulating their visual representations. 
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5.2.2 Crop rectangle 
 
The crop rectangle is an intuitive way to crop data. The crop rectangle is 
situated in the 3D landscape and is used to select an area of interest. When 
manipulated, the extents and location of the rectangle are checked and all data 
currently visualized in the 2D-view are cropped accordingly. The rectangle is 
easily manipulated by selecting it with a mouse click. When selected, it can 
be moved around and scaled in its defined plane. To alter its size, the user 
picks on one of the eight handles, see figure 9, and drags the rectangle to a 
preferred size. 
 

 
Figure 8: The Crop Rectangle 

 
5.2.3 Picking and drilldown 
  
Gauge stations can be picked in either the 3D- or the 2D-view. The pickings 
are done using the mouse, by simply clicking on a glyph representing the rain 
gauge stations. The glyph will be highlighted in a different color and a new 
window containing a bar chart will pop up, see figure 10. This chart displays 
the rainfall for the selected station during the 73 consecutive hours mentioned 
earlier. To compare rainfalls from different stations, the user simply has to 
click again at a different glyph. The chart window will appear once again but 
now two series will be displayed side by side, making it easy to compare rain 
measurements from different locations. The bar chart currently handles data 
from up to three gauge stations simultaneously. 
 

 
Figure 9: Example of the bar chart window 
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5.2.4 Bar chart Slider 
 
In the bar chart popup window, up to 2194 measurements can be visualized at 
the same time. To assist in the exploration of this data the x-axis of the bar 
chart is extended with a range slider. This is an additional VUI tool, that is 
used to choose which data should be visible, i.e. one dimensional visibility 
cropping. 
 

5.3 GRAPHICAL USER INTERFACE 

 

 
Figure 10: The principal layout of FloodViewer 

 
Although the application focuses on the Visual User Interface, the Graphical 
User Interface must not be forgotten. In this diploma work the user interface 
has been constructed during a dialogue with potential users and other 
developers. This to ensure usability and a graphical user interface that meets 
standards and ground rules in application development. One important task 
has been to allocate as much space as possible to the visualization and to the 
visual user interface. 
In order to view all interaction abilities and user interface options and how to 
use them, look at SmartDoc FloodViewer in Appendix A. 
 
 
5.3.1 Menu System 
 
FloodViewer has a built-in menu system. Through these menus all features of 
the FloodViewer can be reached, except some visual user interfaces. The 
system is built in the same fashion as most Windows applications, which 
hopefully will give the user a feeling of recognition and capability of using 
the application. The features of this menu system are shown in Appendix B. 

                                                 
4 Current maximum of measurements from Arno river case study is 73. 
Application allows at most three gauge stations at once. 
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5.3.2 Load Icons 
 
The Load icons seen in figure 12 are used to load the different datasets into 
the application. For this case study, the icons will read the data from the Arno 
river area. As this application is mainly aimed at looking at data from the 
Arno river area, only these data are available from the load buttons. 
Additional terrain and satellite data are loaded through the menu system, (see 
section 5.3.1). These additional features were implemented for testing and 
will not be part of the FloodViewer application.  
 

 
Figure 11: The Load icons 

 
 
5.3.3 Transformation Buttons 
 
The transformation buttons are an additional way to achieve transformations 
of the transformable objects. Using the mouse and selecting one of the 
transformation buttons achieve these transformations. With the arrow 
selected, rotation is used, the magnifying glass zooms and the cross of arrows 
results in panning. An alternative way of instancing these features is to use 
the mouse together with additional buttons "Shift" and "Ctrl". 
The leftmost and rightmost buttons are used to reset the transformation 
matrices in the 3D- and 2D-view respectively. 
 

 
Figure 12: The transformation buttons 

 
 
5.3.4 Visibility and Attribute Buttons 
 
At the bottom of the application a row of buttons are situated. These are the 
“visibility and attribute” buttons. When pressed, the corresponding feature in 
the application will be visible and vice versa. Most of the features also have 
options. These are reached by right clicking on the buttons. Buttons can be 
seen in figure 13. 
 

 
Figure 13: The visibility and attribute buttons for the 2D-view 
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5.3.5 Window Size 
 
Window resizing is an important feature for many users and therefore 
FloodViewer is resizable. To ensure that all necessary objects are viewable at 
all times, small resize-values are not allowed. FloodViewer then resizes itself 
to the smallest allowed measurement. Although FloodViewer is not allowed 
to be to small, it can be minimized as ordinary windows in the Windows 
operative system. In order to enable this, both the 3D- and the 2D-view can 
be asked to claim the whole visualization area. 
 
 
5.3.6 Additional features 
 
Another part of the graphical user interface is the possibility to affect the 
color mapping of the visualization elements. This feature will be further 
described in section 5.4.3. 
 

5.4 VISUALIZATION COMPONENTS 

This segment will shortly describe the visualization of those parts not already 
described. In section 5.1 the visualization of rivers, basins and rain radar data 
already has been mentioned. 
 
 
5.4.1 3D View 

To visualize the terrain, a DEM-file, a DTED-file or a file from GSD Digital 
Terrain Database of Lantmäteriverket can be used. This data will in the 3D 
view be visualized as a 3D landscape. A surface-series component allows you 
to render a two-dimensional field in three-dimensional space, making use of 
the added spatial dimension to represent another data element from within the 
node data of the input field. The additional data element in FloodViewer is of 
course the height of each grid point. The surface generated provides a 
powerful means of visualizing data as a function of two different variables, 
i.e. color representation of height is no longer necessary, when a 3D 
visualization can be generated. 

 
5.4.2 2D View 
 
The terrain is in the 2D view visualized as grid data. Grid data is chosen to 
ensure a correct color mapping and a representation without additional 
interpolation.  Another way of visualizing the terrain would be to use a so-
called contour map. A contour map would visualize the area generating 
discrete areas depending on the number of iso-levels selected. This approach 
does not agree with the given requirements, but the contour map creates 
interesting features of height representation, i.e. the iso-lines. Thus, these iso-
lines are used in FloodViewer and over-layered on the terrain. 
The see-through ability implemented in FloodViewers 2D view is a special 
feature designed to increase the usability and possibility to visualize several 
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data types at once. FloodViewers 2D view integrates geographical data with 
rain radar data, river data, representation of gauge stations and basins, all 
possible to visualize at the same time, but still individually perceivable. This 
is achieved through a combination of the use of opacity levels and the use of 
OpenViz ability to stack containers on top of each other. This concept is 
easiest described as a stack of cards, or a stack of overhead papers, where all 
non-used areas are transparent. 
 
 
5.4.3 Color representation 
 
To ensure the perceptual connection between the 2D- and 3D-view, both of 
them are mapped to color representing the height. This color setting can be 
altered to any interpolation between two colors, and visualized in a legend 
presented in the application. Ability to map between three colors would be 
desirable. This feature has been examined and implemented in the color 
mapping corresponding to the rain data sets. Here, three different values can 
be set correspondently to three different colors. This feature can also be used 
to define a threshold value above or below which all values will be 
represented as the same color, i.e. an easy way to define a value where after 
all measurements are considered the same. 
 

 
Figure 14: Color mapping of rain data set 

 
 
5.4.4 Glyphs and annotations 
 
The gauge stations are represented by triangular glyphs. The triangular shape 
is the shape commonly used to represent gauges. Each of these glyphs can be 
picked, which results in highlighting and pop up of a bar chart described in 
the VUI section. 
 
To assist in the geographical perception, FloodViewer has internally 
represented annotations. These annotations mark cities or other significant 
landmarks to enable the user to recognize the visualized area. Together with 
the river segments, sub basins and terrain data, this will give an idea of the 
location. 
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5.4.5 Texture 
 
To further assist in the perception of where a visualized terrain is located in 
the world, a bitmap texture can be read into FloodViewer and draped over the 
terrain, although FloodViewer does not check if the texture corresponds to the 
current area of terrain. 
 

 
Figure 15: Terrain element draped with satellite image 

 
5.4.6 Lights 
 
FloodViewer has three different light sources implemented; a directional 
light, a point light and ambient lighting. All lights can be turned on and off 
and the point and directional light can be visually represented by a box and 
tetrahedron respectively. These two lights can be picked and then transformed 
in the same arbitrary way as the whole scene. 
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5.5 IMPLEMENTATION OF THE NETWORK KIT 

The network kit contains three main parts: 
- A Communication Class 
- A User Interface Form 
- A Global Variable Module 

 
These parts were easily added to the FloodViewer Visual Basic project to 
“collaboratize” it. In addition, the Network Kit contains a lot of pre-defined 
code that had to be implemented in the main form. When these steps were 
taken the toolkit could be used and was fully functioning. Remember that the 
DirectX API has to be installed on the used computer. 
The implemented toolkit contains everything necessary for connecting to each 
other, creating and joining sessions. There are also predefined message types 
for handling these tasks. 
 
Although, FloodViewer needs several more message types than initially 
available. These can be implemented by stating them in the global variable 
module. Additional functions and code to send and receive all those other 
specific messages wanted in the application was then created to accomplish a 
fully functioning collaborative environment. 
Figure 17 below shows an example of the option window controlling the 
collaborative session using the Network Kit. 
 
 

 
Figure 16: Using the Network Kit 

 

5.6 ACTIVE X 

The third version of a SmartDoc application is to be used for presentation and 
documentation. This is the version that shall be possible to integrate in 
electronic documents. To meet these demands FloodViewer has been created 
as an ActiveX component, thereby enabled to be inserted in all documents 
that allow embedded controls, for example Microsoft Internet Explorer, Word 
and PowerPoint.  
ActiveX is built on COM technology and contains a set of rules of how 
different applications should share information. An ActiveX control such as 
FloodViewerX can in many ways be compared to a Java applet. But ActiveX 
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controls has a great advantage, they have access to the Windows operating 
system.  
 
 

 
Figure 17: FloodViewer embedded in a Word-document 

 

5.7 ADDITIONAL SUPPORTED DATA TYPES AND TECHNIQUES 

To increase the abilities of FloodViewer, support has been created for some 
additional data formats. The first two types are representation of geographical 
data, and the last is an arbitrary bitmap. 
 
 
5.7.1 LMV 
 
As an extra feature FloodViewer offers the possibility to visualize and 
examine geographical data from Swedish “Lantmäteriverkets” bank of 
height-data files [14, 15]. This data is available in four different formats, all 
handled by FloodViewer readers. The file formats are: 
 

- ASCII standard format 
- Arc/Info, GRIDASCII-format 
- ASCII table representation 
- Arc/Info table representation 
 

The height data is a collection of measurements taken in a quadratic grid with 
spacing of 50 meters. Each file contains a square of this grid representing 25 
square kilometers, i.e. five kilometers in each direction. The accuracy of this 
data is strived to be smaller than a 2.5 meters geometrical mean error. Each 
file thereby contains 10201 points where an accurate or almost accurate 
measurement exists. 
When these files are used, some errors can occur at the archipelago, a well-
known feature in Swedish geography. These errors are in general 
misrepresentations or absences of small islands, due to limitations in the way 
the data is collected. 
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5.7.2 DTED 
 
DTED is a standardized format. DTED stands for digital terrain elevation 
data and are a widely used format. Files of this format can be downloaded for 
free from the Internet, representing virtually any place on the globe. 
FloodViewer has a reader that supports this format, mainly to be used in 
demonstration purposes, but also for the ease of collecting data to visualize. 
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6. RESULTS 

FloodViewer is a prototype implementation of the VUI application 
component for a flood forecasting system. The end users in the MUSIC and 
SmartDoc projects will review the prototype and the resulting assessment will 
be used to further improve the FloodViewer application.  
FloodViewer has already been presented at several workshops, where some 
feedback has been collected. The demonstrations have been done at the 
following workshops: 
  

- Visualization of meteorological data on PC desktop and Web. 
Workshop held at Linköping University for university researchers and 
participants from the Swedish meteorological and hydrological 
institute. 

- Workshop for participants in the MUSIC EC project in Milan, Italy. 
- Workshop in Florence, Italy for end-users and internal representatives 

of the MUSIC EC project. 
- Third meeting of SmartDoc EC project at ITN, Linköping University. 

 
Additionally, the work done in this diploma work, together with additional 
work by the author and Professor M Jern has also resulted in a published 
paper at Management Information System conference 2002 in Halkidiki 
Greece [2]. 
 
The assessment described in this chapter is based on the input received at 
these gatherings. 
 

6.1 ACCOMPLISHMENTS 

This study has resulted in three implementations of an application called 
FloodViewer; FloodViewer, FloodViewerX and FloodViewerNet. The 
FloodViewer is a well functioning prototype that already supports most 
required features by the end users. This type of implementation is considered 
a very good example of visualization techniques to introduce distinct 
advantages. [8] 
Although described as a tool, the bookmark kit has not yet been implemented. 
This kit is very similar to the network kit, which has been implemented in 
FloodViewer. Following the integration, an evaluation of the network kit was 
presented to the developers of this kit and used as a comprehensive 
assessment.  
 
 
6.1.1 Evaluation of the Network Kit 
 
This part contains comments and possible improvements of the Network Kit 
By constructing the Network Kit, an easy and fast way of achieving a 
collaborative environment has been developed. The prototype implemented 
and tested in the FloodViewer has worked in a very satisfying way. 
Although, there are some improvements that could be made to improve the 
usability and simplicity of the toolkit: 
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- In the list of current participants, the host is clearly marked. The 

active member could be marked in a similar way using the 
abbreviation [AM]. 

- Show which members that have requested AM in the list of current 
participants instead of the chat. 

- The joining members do not get the Session Name. 
- To minimize the use and alternation of the three pre-constructed parts 

of the Network Kit, all messages could be indexed and thereby all 
possible types could be predefined. By using the index of for example 
a message containing one value of type double, each developer can 
specify in her own code what to do with each message. The developer 
can still use enumeration if desired. This will result in a kit where the 
three basic parts can be exactly similar no matter which application 
they are implemented in. 

 
 
6.1.2 Response to this evaluation 
 
After the implementation and evaluation of the Network Kit into 
FloodViewer, the kit has been further developed. All suggestions of 
improvements done in this evaluation have been implemented and a new and 
improved version of the Network Kit is now available. 
 

6.2 COMPREHENSIVE ASSESSMENT 

FloodViewer demonstrations has generated response which generally can be 
summarized in these points: 
 

- Users are impressed with the use of dynamic maps. 
- Users are impressed with Web Architecture. 
- The Visual User Interface looks good, but it is important that it 

remains simple even in the further development of FloodViewer. 
- Suggestions on different user interfaces for different levels of end 

users. 
- The Network version could prove to be important for decision-

making. 
- Add better background map information, drape with satellite data or 

similar information. 
- Show only up stream areas after selecting a gauge station. 
- Provide different levels of Arno river segments – zoom means more 

details. 
- Sub basins should be able to color code based on input data. 
- Add flood level time data and wind vector data? 
- SmartDoc implementation worked fine 
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6.3  COMPARISON WITH OTHER APPLICATIONS 

There are several other systems on the market today that visualize GIS-data 
or even data from flood forecasting systems [16,17, 20,21]. Flood 
visualization is rare but the systems that are available are mainly presenting 
results in 2D or even in 1D. Several systems visualizations are static, and 
some features a graphical user interface. No visualization system found in this 
study makes use of a visual user interface.  
In visualization of GIS there are a broader spectra of applications. These are 
harder to compare to FloodViewer. In many cases they support more formats 
and types of data, but often the applications are part of software packages, 
thus use of internally supported formats are required.  
 
As an example, one application have been closer examined; ArcIms from 
ESRI. This is an Internet solution inheriting from the Arc class of products. 
ArcIms is an application server that serves map images into a standard HTML 
page or a lightweight Java client. The java client seems to be a little more 
than an image manipulation class that allows the user to transform and 
perform limited mapping functionality. 
ArcIms is very good at creating standard maps and have inherent GIS 
functions but its weakness lies in those areas where FloodViewer excel. 
ArcIms does not use 3D in its visualization, and the interaction is very 
limited. ArcIms does have the advantage of being part of the Arc class, which 
means that it has great ability and resources for handling GIS data displaying. 
On the other hand, if the user wants more than just maps and a more custom 
made application that offers interaction capabilities, applications such as 
FloodViewer seems to be a better choice. 
 
An analysis of collaborative environments created in SmartDoc compared to 
others has been done in [4]. 
 
 
 

6.4 FUTURE WORK 

Together with the issues raised in the comprehensive assessment section these 
are features that can be implemented in FloodViewer. 
 

- Cutting planes allow the user to see sections of interest in the data. For 
example, they can be used to slice through the volume and see height 
variations at a cross section of longitude and latitude. A useful feature 
FloodViewer could provide is changing the position of cutting planes 
simply by clicking and dragging them. 

 
- Fly-through. A demonstration purposed feature. A user can trace a 

walk to be visualized on a 2D map, this walk will then be visualized in 
the 3D-view. This allows the user to explore the data from different 
points of view, different angles or elevation points. 

 



33 

- Iso-lines. A feature to visualize iso-lines not only for the terrain 
heights, but also for other data, such as the rain radar data. 

 
- Implementing volumes. With available data in three dimensions of 

rain formations and wind, these could be included as volumes or iso-
surfaces in FloodViewer. A possible future version could then look as 
in figure 19. 

 
 

 
Figure 18: Possible future view of the FloodViewer 

 
 

- Implementation of the bookmark kit. 
 

- SmartDoc implementation with integration of data and bookmarks. 
Today the embeddable implementation is merely an ActiveX 
component. 

 
- Possible integration of interpolation methods mentioned in chapter 3. 

 
 
 
 

33



34 

7. CONCLUSION 

This diploma work has presented the new ideas and concepts of the SmartDoc 
project including a detailed description of the development of a SmartDoc 
FloodViewer prototype. It has also presented a way to visualize data from 
flood forecasting systems. 
FloodViewer has been demonstrated at several workshops and received very 
positive response; both for its ability to visualize flood forecasting data and 
the concept of SmartDocs. FloodViewer will be further developed to meet 
additional needs from possible end users.  
In the area of collaborative visualization there are multiple ongoing or 
complete solutions, which unfortunately use frameworks that are hard to use, 
modify or extend with new functionality. The SmartDoc solution is not an 
effort to invent a new collaborative protocol, but instead a demonstration of 
how an industry-standard for network gaming can be used for general, 
collaborative data visualization. The collaborative prototype discussed in the 
report is constructed with the help of the network kit, which is created within 
the SmartDoc project and can assist in making any VB application 
collaborative by using classes of the DirectPlay API. The creation of 
collaborative environments from existing techniques is an interesting and 
innovative approach. This is confirmed by the acceptance of a paper 
describing this technique to the Computer Graphics International (CGI) 2002 
conference in Bradford UK. [7] 
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API – Application Programming Interface  
AVS – Advanced Visual Systems 
CGI – Computer Graphics International 
COM – Component Object Model 
DEM – Digital Elevation Model 
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EC – European Community 
ET&P – One of the partners in the MUSIC EC project 
GIS – Geographical Information Systems 
GSD – Geografiska SverigeData, geographical data of Sweden 
GUI – Graphical User Interface 
ITN – Department of Science and Technology at Linköping University  
LMV – Short for Swedish agency Lantmäteriverket 
MUSIC – Multi-Sensor precipitation measurements integration, Collaboration 
and flood forecasting. 
VB – Visual Basic 
VBX – Visual Basic eXtension 
VUI – Visual User Interface 
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APPENDIX A - SMARTDOC FLOODVIEWER 

 
 
FloodViewer is a prototype application developed to visualize and investigate 
flood-forecasting data. The prototype is using an innovative 3D visual user 
interface (VUI) that will enable users to take a more active role in the process 
of visualizing and investigating flood forecasting.  
FloodViewer integrates geographical data in three dimensions with rain 
estimates, vector data of rivers, rain measurements at gauge stations etc. 
The application is available in three different versions all designed for 
different purposes. 
 

- Stand-alone version: For analysis and supervision. 
- Network version: For remote collaborative analysis and diagnosis 

sessions. 
- ActiveX version: Mainly for presentation purposes, can be used for 

archiving as well. 
 
 
Usage Area 
 
FloodViewer’s main purpose, as mentioned earlier, is to be used in 
visualization of flood forecasting data and all aspects surrounding this 
important work. The application can be used to predict or supervise floods. 
The prototype also allows for collaboratory work enabling meteorologists, 
hydrologists, operation managers and politicians etc. to view and discuss 
forecasting results in real time across an arbitrary network. This is 
accomplished through integrating network strategies used widely in the 
gaming industry, i.e. implementing the Network Kit5 
The application’s secondary usage area is to demonstrate and visualize terrain 
data files, either represented in DTED- format (Digital Terrain Elevation 
Data) or from the Swedish “Lantmäteriverkets” collection of height-data files. 
 
 

Characteristics 
 
As a SmartDoc application component, FloodViewer not only uses a 
graphical user interface, but also an extensive visual user interface. To 
accomplish this, all visualization elements and VUI tools are taken from the 
AVS OpenViz library. So, in order to be able to use the FloodViewer, or any 
other SmartDoc application, the user has to have this library installed. This is 
solved through the use of the so-called SmartDoc Viewer. This viewer is a 
free plug in and downloadable from SmartDocs homepage, compare to 
Adobes Acrobat Reader. 

                                                 
5 Ranlöf M, 2002, SmartDoc Network Kit for Visual Basic 6  
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The use of external components has the advantage that each application will 
be very small, typically about 200-400 kB. This means that the FloodViewer 
is easily distributed and can be used wherever the user is situated. The 
FloodViewer runs at the politicians’ desktop as well as on the meteorologists’ 
laptop used standing beside the river subject to investigation. 
 
FloodViewer allows the user to interact with the visualization and manipulate 
almost every possible aspect of the data read into it. The graphical and visual 
user interfaces are designed to be intuitive and easy to use. 
 

 
Figure 1: The FloodViewer 

 
Figure 1 shows a screen shot of the FloodViewer application. There are 
markings in this picture, defining different parts of this application. These 
marked parts will later on only be referred to as {1}, {2}, {3} etc. 
 
 

3 

5

1 8 4 6 7 

2
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Supported Data Formats 
 
There are typically five types of data to load with FloodViewer. All of these 
can be loaded using the top-left buttons (figure 2 and {1}) Additional data 
types are described below in section Extras below  
 

 
Figure 2: The Load icons 

 
The leftmost button loads the terrain data for the Arno River area. This data is 
read from a digital elevation model, e.g. a dem-file. The other buttons can 
from left to right read the following datasets. 

- Gauge Data - containing position in 3 dimensions, index and name of 
the station. This data is a collection of measurements for 73 
consecutive hours 

- Rain data - datasets containing interpolated data given by rain 
measurements at the different gauge stations. This dataset contains 
interpolations for all 73 hours. 

- River data - vector representation of all river segment present in the 
Arno river area. 

- Basin data – Vector representation of the 44 basins the area is divided 
into. 

 
 

General Visualization Parameters 
 
The easiest way to change the appearance of the visualization elements is to 
use the buttons at the bottom of the application {2}. These buttons represents 
whether the visualization element will be visible or not. When using a right 
click on these buttons a popup menu appears where general parameters can be 
altered. The parameters that can be changed using these buttons are from left 
to right. 
 

- 3D Terrain - the representation of height of the dem-file can be 
altered. Also the number of isolines calculated depending on height 
and the visibility of them can be set. 

- 3D Gauge - the color of the gauge points 
- Crop Rectangle - used only to reset the crop rectangle extents 
- 2D Terrain - along with the visibility of the entire background its 

opacity can be changed. This feature is available to have the ability to 
create visualizations similar to those the end-users are used to. Also 
the number of isolines calculated depending on height and the 
visibility of them can be set. 

- 2D Gauge - the color of the gauge points 
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- Rain - used to slide through the set of 73 consecutive interpolated 
datasets. Besides this, the user can change the opacity of the rain layer 
to create see-through effects 

- River – possibilities to change the color of the rivers and the line 
width of the complete river system 

- Basins – the same options as with the river data set. 
 
This way of presenting options generates an easy way when and if additional 
parameters are wanted. 

Interaction 
 
FloodViewer offers a lot of interaction 
capabilities. The most obvious and often 
first explored are the way to transform the 
views. The 3D-view {3}, originally to the 
left, can be rotated, panned and zoomed in 
an arbitrary fashion. The rotation is achieved by using mouse movements 
together with a left click. If panning or zooming is desired, these functions are 
instanced using additional buttons "Shift" and "Ctrl". Alternatively the user 
can click one of the buttons in figure 3 (see {4}) and thereby achieve all the 
same interaction possibilities by clicking and dragging in the view. The 
leftmost and rightmost buttons are used to reset the transformation matrices in 
the 3D- and 2D-view {5} respectively. 
Thereby stated, even the 2D-view can be transformed. The transformation 
options are the same and carried out in the same manor, with the exception 
that all rotation is disabled. 
 
In the FloodViewer the 3D-view is currently mainly used to give an 
understanding about the geographical location and the alterations in altitude 
across this area. In this viewer the user has the possibility to decide whether 
the whole area or a part of it 
should be used in the 2D-
representation, by using the "Crop 
rectangle". The Crop rectangle, 
shown in figure 4, can be 
manipulated by clicking on one of 
its eight "handles" and then drag 
the rectangle to a desired size and 
location, representing the area 
desired. Of course one can 
achieve a similar result by 
zooming in the 2D-view, but then all available data has to be processed in 
every step.  
 
To deal with the possibility of a user experiencing either the 3D- or the 2D-
view as unnecessary, one can simply right-click anywhere in the view one 
want to use and thereby that view will fill the entire space earlier used for 

Figure 4- The ”Crop Rectangle” 
 

Figure 3. Transformation tools 
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both views. This option is reset by an additional right click or by using the 
menu system, which can handle all window interaction features. 
 
The legend settings can be altered by direct interaction. When right clicking 
on a legend {6, 7} an option form appears and the user can set the desired 
color representation and three corresponding values to achieve a color 
mapping of choice. At present, the color legend for the terrain visualization 
can only be set to interpolate between two colors. The legend representing the 
rain data, if used in the application, can be set to three different values, thus 
presenting an easy way to set for example an upper limit. A limit where all 
values above or below it can be mapped to the same color. See figure 5 
 
 
 
 
 
 
 
 
Since it is possible to affect all of these features in such a simple manor, a 
predefined color mapping is almost necessary. This is implemented, and used 
as default, and if the user wants it back, a simple click with the middle mouse 
button on the legend is all it takes. 
The whole application can be resized using all the common window 
management possibilities in Windows. Although, the window can be 
minimized, it cannot be set to a size to small to use. If this is tried, the 
window will re-scale itself to its allowed minimum size. 
In the 2-D view additional interaction are implemented. When gauge points 
have been read and are displayed (and visible), these can be picked. The 
pickings are done using the mouse and simply click on a glyph representing 
the rain gauge stations. The glyph will be highlighted in a different color and 
a new window containing a bar chart will appear (figure 6). This chart 
displays the rain amount for the picked station during the 73 consecutive 
hours mentioned above. To compare stations with each other the user simply 
has to click again at a different glyph. The chart window will appear once 
again but now two series will be displayed side by side, making it easy to 
compare rain measurements from different locations. The bar chart currently 
handles data from up to three gauge stations simultaneously. 
 
 

 

 
 
 
 
 
 
 
 

Figure 5. The rain legend 

Figure 6. Barchart
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Extras 
 
All features described above reached by using the graphical user interface can 
of course also be reached through the implemented menu system {8}, thus 
attaining the same interacting possibilities as the GUI.  
Additional parameters that only can be reached through the menu system are: 
 

- Reading of files described in DTED-files. (Digital Terrain Elevation 
Data) 

- Reading of Swedish “Lantmäteriverkets” height data files. 
(Demonstrated by the use of one example file. 

- Possibility to read and map an image texture onto the surface 
represented in the 3D-view. 

- Make use of the Network Kit. 
- Change the settings of implemented lights. 
- Background color alternation. 
- Choose which window or form to be active. 
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APPENDIX B - MENU SYSTEM OPTIONS 

- File 
o Load Arno Data 
o Load Gauge Data 
o Load Rain Data 
o Load River Data 
o Load Basins 
o Load DTED 
o Load LMV 
o Load Image Texture 
o Exit 

- 3D View 
o Rotate 
o Pan 
o Zoom 
o Normalize 
o Show Gauge Data 
o Show Cities 
o Show Crop Rectangle 
o Show Isolines 
o Show Image Texture 
o Reset Crop Rectangle 
o Options 

 Under this menu all options regarding data read in to 
the 3D-view becomes available. 

- 2D View 
o Show Terrain 
o Show Gauge Points 
o Show Isolines 
o Show Rain Data 
o Show Rivers 
o Show Basins 
o Options 

 Under this menu all options regarding data read in to 
the 2D-view becomes available. 

- Network 
o Connect – only available in Network version 

- Advanced 
o Terrain Color Settings 
o Rain Color Settings 
o Light Settings 
o Background Color Setting 

- Window 
o FloodViewer 

 All open windows will be selectable here 
o Full 3D View 
o Full 2D View 
o Reset Window Size 
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APPENDIX C – SCENE TREE DESCRIPTION 

 
 

 
 
The top left box is the viewer representing the 3D-view. The 3D-view 
contains a card container (CC) to enable the see-through ability for future 
implementation. The container contains a viewport (Viewport), which in turn 
are parent to two light scene nodes and a workbox  (WB) with the domain 
(Dom) of 3D-geometry. In the scene tree the domain has several visual 
components, the axes, iso-lines and the 3D-surface (SF).  
 
The top right box is in turn the viewer that represents this applications 2D-
view. This viewer also has a card container to stack its workboxes. Note that 
each workbox has its own domain to calculate the space for all components. 
In these domains, from left to right, the following components are shown in 
the figure: The gauge points as an unstructured field (USF), axes, terrain 
stored in an data array (TDA), the contour lines, more axes to aid in placing 
and rain radar data (TDA). 
 
Between the two viewers there are representing of interactors and 
manipulators. These can be connected to the 3D- or the 2D-part of the scene 
tree. These components are from top down, manipulator-, pick-, transform-
interactor and a rectangle manipulator. 
 
More information about scene trees and components can be found in the 
OpenViz documentation. 
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