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1. Abstract

Today we are living in a world which is spinning faster and faster and time has become a scarce goods. Saving time is an up-to-date and an inevitable virtue. Therefore economy of time accounts for a rapid availability of geo-information. Consequently a first-class visualization of real-time data has to be one of the aims of modern cartography. Visualization of real-time data stands for demand-oriented editing (if necessary) and visualization of geodata directly after its acquisition or its availability. The main focus applies to data, which is continuously updated within a short determined interval. Since every data update causes more work steps, all parts regarding the data processing have to take place fully automated. If this isn't possible, there won't be visualization of real-time data as stated above. It can be used for many topics, although not every subject is suitable.

The paper shows recent developments in real-time data visualization and presents two possible applications and solutions. In the beginning there has to be an introduction to relevant real-time topics, which provides the theoretical basis for both given examples. The first is the creation of a workflow to create animations in real-time from weather satellite data for visualization on a tactile hyperglobe. In this part the whole processing steps from acquiring the data to the final visualization should be explained. The second example is the presentation of a vessel-tracking application. This application was developed in the course of a research project at the Department of Geography and Regional Research (University of Vienna) to display all forms of mobile vessel fleets. Aim of this project was to visualize all relevant real-time driven data (airplanes, ships, fleet vehicles) on different scales. 

2. Definitions

2.1 The meaning of real-time

Before it is possible to go into detail about visualizing real-time data, the term 'real-time' has to be defined. General agreement for a definition receives the following perception: real-time means, that the result of an action has to be available within a predefined timeframe, i.e. before the action reaches a concrete time limit. Therefore during the accomplishment of a task a time-critical system, a so-called real-time system, has to provide not only a correct result but also deliver the result in time [WÖR-05]. If there's no proper result, the system has failed. A precise duration of this time limit can't be given, because it depends on the type of the application. Colloquial, real-time is often misused instead of the expression 'without delay'. Depending on the kind of application the response time, or from the cartographic perspective the update cycle, ranges within broad span. Since the term originates form informatics, real-time usually extends from micro- to several seconds. In geoinformatics real-time has basically no fixed limit. Depending on the topic it is an expandable construct and has a different meaning regarding this theme. In vehicle-tracking applications real-time stands for seconds, in oceanography (e.g. sea-surface temperature) for days and in the field of plate tectonics for millions of years. As long as the significance is warranted, the extension of real-time is allowed. This extension has to be defined before setting up the real-time system and adapted to the topic. Therefore the visualization is on one hand contingent on the update cycle and on the other hand on the time needed for creating the cartographic product. Since a real-time system is time critical, the visualization has to be created within a predefined time span, because afterwards it is either completely worthless or at least dated.

2.2 Real-time visualization versus visualization of real-time data

In a next step there has to be a differentiation between the terms: real-time visualization and visualization of real-time data.

i) The aim of real-time visualization, also referred to as real-time rendering, is to visualize (animated) data in a way so that the creation of the cartographic expression on the visualization device takes only so much time that there is no noticeable lag for the user. Each single picture has to be created within 33 to 40 milliseconds, which associates with the usual sequence of 24 to 30 frames per second [DRA-00]. A familiar example is the 3D-representation of city-models, flight simulators (Fig. 1), architecture-walkthroughs or settings in video games. Those visualizations require a rapid calculation of single pictures, virtual simultaneously to the viewing. In the fields of virtual reality and augmented reality there are sometimes 60 frames per second needed [WIM-01], because of high requirements for different pictures for several users. The time needed for the calculation depends on the level of detail (complexity of the displayed geometry) of the visualization. 3D-real-time visualization is an important tool to describe and communicate the visual characteristics of the actual environment. The data source is in the least cases real-time data.
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Fig. 1: Frame grab of Microsoft's Flight Simulator X [URL-01].

ii) Visualization of real-time data stands for demand-oriented processing and subsequent visualization of data. Immediately after the acquisition or the availability the data is automatically processed [MAY-07]. When the update cycle of data is – related to its topic – short, it is referred to as real-time data. Although other data has a strong hold in this area, geodata gets used more and more for visualization of real-time data. The majority of used data is original data, because it is faster available. Nonetheless derived data can be used as well, but it should be automatically processed. In order that geodata can be used for real-time purposes it has to be available in digital form. Both vector (like GPS-coordinates and measured data) and raster data (like satellite images) can possess the real-time attribute.

iii) If there exists a constant data stream, the special case of a real-time visualization of real-time data is possible. Therefore the data update cycle has to be lower than one second, which means, that the query of information has to be feasible at any time. Right now only GPS-signals, radio transmitters and laser-range meters meet this real-time characteristic.

3. The cartographic real-time system

During the visualization of real-time data all work steps, from the data acquisition to the cartographic expression, have to be executed automated. Consequently a detailed concept is needed before starting the real-time system, because every process needs to be defined before. The real-time system covers parts of the cartographic communication, as presented in [HAK-02]. Since it is possible that the data acquisition is managed by a third party, this step isn't part of the real-time system. When the data is available – either by acquiring it by the creator of the system or by e.g. downloading from a server – it becomes part of the real-time system. The processing from a cartographic point of view until the creation of an e.g. map is the system's major task (Fig. 2). There are different technical tools for the automation, which is a vital element of a real-time system. During the visualization process automation can be created e.g. through the recording of work steps or the usage of scripts. 
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Fig. 2: Cartographic communication and the real-time system [MAY-07]. 

Today's technical possibilities and the desired saving of time during the creation of cartographic products are the foundation of the visualization of real-time data. Consequently the following goals are pursued:


* swift disposable (geo-)information


* together with a qualitative appealing cartographic expression


* on an appropriate and issue-related visualization device.

There are several factors which influence the visualization of real-time data. The most important one is the already mentioned update cycle. The shorter it is the lesser time is available for creating the visualization. The update cycle can be determined by the designer of the real-time system or is controlled by the acquisition unit. The amount of the visualized changes is also an important element. Does only the object position change or does the whole information in the selected section shift? Obviously it is easier to visualize the changes of the object position, e.g. as part of a vehicle tracking, than mapping the entire area. 

Another influencing factor is the topic itself, because it co-decides the update cycle of the visualization. The update cycle of one day of a car-tracking system for instance wouldn't make much sense, since it's won't be possible to trace the exact route. Some topics are not real-time worthy, since the general question has a long-term character, like climatological issues. Closely connected to the topic is the scale, which influences the meaningfulness within the theme. If we track an airplane and the visualization update cycle is set at five seconds, it is clear, that we choose a big scale, since we want to see the changes of the flight path in detail. If we choose a global scale a update cycle in the minutes range is sufficient.

Basic requirements for the visualization are of course the regular and safe availability of the real-time data. Only geodata which is reliably accessible, should be used. In addition an adequate hardware-/software-environment is needed, which satisfies the performance demanding tasks of a cartographic real-time system. 

As mentioned by Goldsberry for the example of real-time traffic visualization [GOL-05], the necessary cartographic-theoretical knowledge is often lacking for visualizations found on the internet. This leads directly to one of the problem areas when visualizing in real-time. Not only because of absent basic cartographic principles, often by simple technical obstacles the quality of a graphical representation isn't satisfactory. Since all work steps are automated there is no way to enhance or even alter the product with creative intervention outside the defined real-time system. Automatic generalization or automatic data extraction from satellite images is not real-time capable yet. There are a lot of proposed solutions, for example an automatic road extraction as described by Bacher and Mayer [BAC-05]. But the next step, combining it with a real-time visualization is still the future.

Application areas are widely diversified. A lot of topics within natural and human-related fields are covered with real-time data. For example there are a huge amount of meteorological real-time data and visualizations of those available. These are often used for weather forecast. Some areas are not yet covered with real-time geodata, but are going to be in the future. Researcher who study permafrost regions have determined, that it is necessary to monitor those regions, because of the possible huge impact on climate changes, since in the permafrost soil huge masses of bound methane hydrate can be found [AMA-05].

In the computer aided facility management (CAFM) the relevance of real-time geodata increases more and more. Walder for example is working on a so-called 'gyro-laser-tracker'. This prototype is based on an HP Tablet PC with a gyroscope and a laser range meter. For the visualization in real-time he uses the software speedikon FM. This system is able to track people inside a building, where it isn't possible to use GNSS-signals. It is designed to track rescue unities in case of an emergency (fire) [WAL-06].

4. Weather-dynamics

This example is a temporal animation about the current global weather development. The intention is to show, how the structure of a real-time system for a real-time visualization on a tactile hyperglobe could look like. Four major aims can be presented:


* a global overview about the current weather dynamics


* visualization of this topic in real-time


* an ongoing periodical update of the cartographic map-like product


* displaying the changes on a globe

The used tactile hyperglobe [RIE-06] is called OmniGlobe and is manufactured from the company ARC Science [URL-02]. Specifications are a 60" screen diameter, a rear screen vinyl surface material on a rigid acrylic shell as screen material, single Panasonic PT-D7700E SXGA+ projector and an nVidia Quadro FX 4500 graphics card (Fig. 3). 
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Fig. 3: The OmniGlobe, a tactile hyperglobe.

For the creation of the animation a combination of different techniques is used. A part of the real-time system, which is running under Mac OS X, uses UNIX-commands on the operating system level, another existing software like Adobe's Photoshop and another emulated program code. The basic control assumes die UNIX-command crontab. Every three hours the same series of commands get executed. The workflow of this so-called cronjob of the animation is as followed:
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Fig. 4: Workflow for the actual global weather animation.

The first step in this process is the weather-data’s download. The original data results from the Xplanet-project [URL-03]. This greyscale satellite data is automatically prepared every three hours. The data source is derived from five infrared bands from the following satellites: MSG (Meteosat Second Generation), IODC (Indian Ocean Data Coverage), MTSAT-1R (Meteorological Satellite), US GOES-WEST and US GOES-EAST (Geostationary Operational Environmental Satellite). The preprocessing is handled by the Xplanet-project. 

After downloading the satellite image the real-time system is executed. Within the system the actual processing starts. By using an alpha channel in Photoshop the weather-information in the original image is selected and combined with a coloured satellite image (Blue Marble from NASA, [URL-04]). 

In order to automate the process we use a so-called droplet. This droplet is a special file for Photoshop batch-jobs. All kinds of image manipulating actions, which are necessary to create the image, are saved in this droplet and are executed then by another UNIX-command. For an example of the output see Fig. 5.

Since the data update cycle is set at three hours, it is possible to use performance demanding image manipulation for the visualisation. Therefore three other overlays are generated within this real-time system. Two overlays for simulating cloud depth. Fig. 6 shows details of the processed satellite images. A fourth overlay was generated to easily combine the clouds with different other overlays. Those overlays consist of an image with cloud-information and an alpha channel for transparency.
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Fig.5 (left): First result.   Fig. 6 (right): Details of an overlay, which simulates cloud depth.

Fig. 6 consists of the following settings in Photoshop:

* general blending options: lighten

* enhanced blending options: drop shadow at 45° with linear contour.

After creating the overlays the real-time system splits up (Fig. 4). The left branch deals with the preparation of the satellite images for a hyperglobe 4D-visualization software developed by Kristen [KRI-07]. Therefore the overlays have to be manipulated accordingly. Afterwards the software is started and the animation created. The right branch deals with the creation of a composite without using the special 4D-software mentioned above. This is accomplished by a combination of different existing software (Geometer, Automator, QuickTime Pro,…). At first the projection gets changed from a cylindrical to a special azimuthal projection, suited for the tactile hyperglobe. After the transformation, the creation of the composite takes place. Every three hours a new weather-animation is created and ready for displaying on the OmniGlobe.
5. Vessel tracking for 3D-displays

5.1 Introduction

This example gives an in depth view into the derival and presentation of realtime ship position data. The NOAA-VOS [URL-05] Project, which collects hourly position data from hundreds of ships, was our source of inspiration. These datasets are published on the internet and contain exact location based information. Several web-mapping applications are feeded by this data. A good example, to show the amount of tracked ships, is www.sailwx.info [URL-06].  
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Fig. 7: 2D Web-Mapping with NOAA-VOS Data. The location based datasets also contain meteorological data like wind, pressure, sea- and air temperature.

In our project we developed an architecture to present this NOAA data on the same 3D-Globe Display as in the weather-example. To contribute data on such a display the only assumptions are a global coverage of data, availability and a "global scale" of the input data. For a dynamic visualization it is important to display location based data with tracks, which are simple connections of different time dependent position values. 

The main challenge of such visualizations of real-time data is not a lack of source data or location based techniques but rather a development of cartographic rulesets to implement time into map related expressions. Our map related expression, better called display, was a tactile 3D Globe (Fig. 3), which allows a real undistorted view on a sphere. 

5.2 Vessel Tracking Architecture

For a 3D-Display like our's, firstly it is necessary to generate dynamic textures that are projected onto the display (translucent sphere). 

Such Overlay Textures must have a 2:1 aspect ratio (plate carrée projection) and should contain all important cartographic information, like ship tracks, time, next ship update info and ship images. These textures are generated every 15-30 minutes (depending on data) and then beeing sent to the globe-interface, wich reprojects the overlay in realtime. In a nutshell, the textures are representing different points of time. This circumstance makes it easy to loop trough specified time intervals.

The way of getting a single globe-overlay and then automating the generation of it can be described as follows:

i)  Base Data Retrieval:

* ftp or http-request of realtime information (simple cvs-file), controlled by application.


* integration into geodatabase (PostGIS) as point-geometry with attribute data


* creating tracks in PostGIS with the makeline() command. result is a line geometry.

ii)  Overlay Generation with UMN-Mapserver:


* For this step it is not necessary to have an installed or running mapserver! 

* We only need a simple mapfile, that contains the whole layout and DB-requests, and the mapserver binary (e.g. mapserv.exe for win32). In our solution we took a free software bundle from maptools.org that contains GDAL, OGR and Mapserver (FWTools).  


* The final overlay is produced by one command, that looks like:

   
mapserv "Query_string=map=\path\to\my\mapfile\mapfile.map&mode=map" > out.png
The overlay now contains ship tracks (derived from PostGIS) and additional ship information.

iii)   Fusion of DB and mapserver module:


* batch program called every 15-30 minutes. Calls SQL- and mapserver commands.


* Adding timestamp to resulting overlays.
iv)  Finally this "tracking-architecture" is combined with the globe's internal software.    The implementation was solved in C++:


* 3D Engine (Coin3D) reprojects the overlay into azimuthal equidistant projection. 

   (not handled in this paper)


* Time controlled update of the ship-overlay (15-30min)


* Loop function to trace the ship-tracks (time laps mode)

6. Conclusions

The conception of the weather-animation presents the potential of satellite data as source for a visualization of real-time data. Although a more elegant way is the one with the special 4D-software, the latter one is a more comprehensible way, especially for people who are not that skilled in coding their own 4D-software.

The main advantage of a dynamic architecture of the vessel tracking system is the easy way of changing cartographic parameters like styles and layers. UMN-Mapserver is well known for it's flexibility to produce high quality overlays in very short time. The presented framework can be easily implemented in several programming languages like C++ or Python because all parts are based on open libraries.

Both different examples show that the possibilities for the usage of real-time geodata are manifold. In research as well as in the private sector visualizations of those are becoming more and more interesting. The great demand especially in the private area cause free riders, who want to profit from this modern trend. The free riders often lack the necessary cartographic-theoretical knowledge. Therefore the established principles of the cartographic visualization have to be accentuated stronger to reduce the challenges for users in gaining the needed real-time information.

A possible approach for further research of visualization of real-time data would be the combination of two or more real-time data sets for the benefit to obtain additional information within a topic. By creating such an application interactions between two or more elements could be easier and faster visible. E.g. the simultaneous display of satellite data (clouds) and measured data (rainfall) is imaginable.
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