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ABSTRACT 

A digital situation table which allows a team of experts to cooperatively analyze a situation has been developed. It is 
based on a horizontal work table providing a general overview of the situation. Tablet PCs referenced precisely to the 
scene image using a digital image processing algorithm display a detailed view of a local area of the image. In this way a 
see-through effect providing high local resolution at the position of the tablet PC is established. Additional information 
not fitting the bird’s eye view of the work table can be displayed on a vertical screen. All output devices can be 
controlled using tablet PCs where each team member has his own tablet PC. An interaction paradigm has been developed 
allowing each team member to interact with a high degree of freedom and ensuring cooperative teamwork. 
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1. INTRODUCTION 
In many application areas a team of experts must analyze and assess the situation of a defined region in order to decide 
further action. Examples for such applications are disaster management or environmental planning where the scene of 
interest is presented by maps or aerial and satellite images. To complete their tasks as effectively and efficiently as 
possible the experts need not only a general overview of the scene but also detailed scene views. Depending on the task 
in hand it necessary to present a detailed view of the scene to one or several team members simultaneously.  

It is also necessary to provide access to additional information about the presented scene. In doing so it should be 
considered that at all times only data and information which increase the knowledge of the team’s experts regarding their 
task is available to them. Otherwise there is a risk of information overload leading to performance reduction.   

A team workplace for situation analysis requires an interaction paradigm providing the team with a common work place 
including overviews, detail views and an interface for accessing additional information, but also giving individual team 
members the opportunity to display the required detail views and information as fast as possible without obstructing 
other members of the team. 

1.1 State of the art 

Nowadays situation analysis workplaces offer different visualizing concepts to support a team of experts. Two typical 
examples of situation analysis workplaces are shown in figure 1. 

      
Fig. 1. Two examples of situation analysis in team 
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In order to give the team a general overview of the situation different kinds of display techniques are used. Examples of 
these are projection techniques [1], large LCD displays [2] or walls of tiled displays. Mainly, two different techniques 
are used for providing detail views. The first is to zoom within the overview and is suitable if the reference to the 
situation overview must be maintained during analysis of a detail view. In this case the zoomed region distorts or even 
hides the adjacent region in the overview presentation (see figure 2 according to [4]).  

 
Fig. 2. Zooming a region with fish eye technique (left) using a nonlinear magnifying function [3] or magnifying technique 

(right) disturbs or hides the adjacent image region. 

 

There are new approaches, for example small high resolution projection displays for detail view within large low 
resolution projection displays for overview [5] and small high resolution LCD displays for detail view within large low 
resolution projection displays for overview [6]. The disadvantage of these techniques is that changing the detail view 
results in moving the overview image and thus changing the situation presentation.  

Another possibility is to show the detail image on an external display, e.g. on a standard monitor with high resolution [7]. 
In this case the experts could lose the position reference between the detail view and the overview. Thus, regardless of 
the chosen presentation type experts are burdened with an additional workload. This leads to an increase in the time 
required for completing a task or to increased error rates, which in the case of critical tasks, such as disaster 
management, can lead to highly adverse consequences.     

2. METHODOLOGY 
To overcome this problem, Fraunhofer IITB has developed a digital situation table by combining different display 
technologies, an automatic image processing algorithm and a geographic information system (GIS). The situation table 
consists of a work station, a horizontal screen acting as a work table displaying the situation overview, a vertical screen 
acting as a board for additional information, and so called Fovea-Tabletts® (patent pending) offering detailed views. 
Figure 3 shows the Fraunhofer IITB digital situation table in action. 

 

 
 

Fig. 3. The Fraunhofer IITB digital situation table consists of a horizontal work table, Fovea-Tabletts® offering local high 
resolution, and a vertical screen displaying additional information. 
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The work table is a large low resolution horizontal screen. It is implemented as a back projection screen of 
approximately 1.2 m x 1.6 m onto which maps or images of the situation are projected. The work table offers the expert 
team a common scene overview, but the resolution is too poor for the recognition of detail information. The Fovea-
Tablett® (FT) was conceived to provide the team members with a detail view of arbitrary scene locations. 

2.1 Detail Views using the Fovea-Tablett® 
A Fovea-Tablett® (FT) is a small, portable display unit, a so-called tablet PC with a high pixel density. It is simply 
placed on top of the horizontal work table. A measuring device determines its position and orientation with regard to the 
scene displayed on the work table. The measured position and rotation angle are transmitted wirelessly to the FT which 
displays the situation data (maps and images) in such a way that the observer has the impression of looking through the 
FT onto the situation, but with a much higher resolution. The FT’s higher resolution means that maps with a better scale 
and images with a higher resolution can be analyzed. Figure 4 shows two images of a high resolution FT precisely 
referenced to the overview image displayed on the work table.  

 

      
 

Fig. 4. A Fovea-Tablett® positioned on the work table offers the analyst a local view with high resolution. 

 

The human eye transforms optical information into an internal image presentation. This transformation is carried out by 
receptors embedded within the retina which provide image information within a range of approx. 190° (field of vision). 
These receptors are not evenly distributed all over the retina and consequently image resolution is not evenly distributed 
over the field of vision. Whereas most parts of the field of vision offer an image with low resolution the fovea reaches a 
very high resolution. The fovea lies in the centre of the retina and covers only between 1 to 3 degrees of the field of 
vision. Figure 5 shows the human eye with the fovea lying on the visual axis. 

 
Fig. 5. The human eye, sharp image data is acquired by the fovea. 
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The Fovea-Tabletts® invented at Fraunhofer IITB got their name because they copy the principle of the human eye’s 
fovea described above. The FT technique offers analysts a view with a very high resolution – but also only covering a 
small part of the situation. On a work table several FTs can be used simultaneously and each FT can be arbitrarily moved 
around the work table. This allows the experts to choose freely and quickly their areas of greatest interest. 

In order to achieve high precision positioning each FT has on its base an identification mark with an integrated circular 
bar code. A camera below the work table records an image of the work table including all FTs with their respective 
identification marks. Whilst the bar code of the identification mark identifies the FT, the design of the identification 
mark enables an exact measurement of the FT’s position and rotation angle. In order to avoid interference of the recorded 
image with the projected image onto the work table, the measuring camera operates at near infrared (0.78 – 1.5 µm). A 
so-called Multi-Cursor-MarkerXtrackT image processing algorithm (MC-MXT tracker) detects and identifies the 
markers of the different FTs and calculates their position and rotation angle [8] in real-time. Figure 6 shows an 
identification marker and figure 7 shows an image taken by the IR camera positioned underneath the work table with its 
recognition results. 

 
Fig. 6. MC-MXT marker used for the identification and position measurement of the Fovea-Tabletts®. 

 

 
Fig. 7. Image taken by the IR camera from underneath the work table 

For reference calculation between the work table and the FTs the MC-MXT tracker must be calibrated. During the 
calibration process the coordinate transformation between the IR camera images – which are the input for the MC-MXT 
tracker – and the viewer of the work table is calculated. During this process in a first step the IR camera image is 
referenced to the situation viewer which is used on the work table. Therefore, an image with four defined cross points is 
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projected onto the work table. Each cross point is highlighted with a special color. The four special MC-MXT 
identification markers used within the calibration process are marked with the same colors. During the calibration 
process these identification markers must be positioned on the colored cross points projected onto the work table. Thus 
the correct assignment between the four calibration markers and the corresponding pass points can be done simply by 
assigning the correct colors to each other. The image taken from the IR camera is the input data for the calibration 
process.  

The coordinate transformation between the FTs and the IR camera image coordinate system must also be processed. This 
calibration process has to be done for each FT separately. For the calibration of an FT two images of its base with the 
fixed identity marker are taken, whereby the FT has to be positioned on two defined regions of the work table. These 
regions again are indicated by a projected image.  

The calibration of the digital situation table takes about two minutes, the calibration of each FT about one minute. The 
measurement accuracy of the FT position is better than 0.1 Pixel (< 3 mm) and the orientation accuracy is smaller than 
2°. A 2 GHz PC reaches a scanning frequency of approximately 20 Hz. The MC-MXT tracker server, camera, and PC 
work independently as an embedded system with a TCP/IP socket interface using XML protocol. A GIS server calculates 
the FT’s field of view from the measurement data. This information is transferred to the FTs via Bluetooth so they can 
present the appropriate situation data.   

The FTs offer not only a local high resolution but also the ability to interact with the situation table. 

2.2 Interaction paradigm 
 
Interacting with the digital situation table should be easily possible for each member of the team. Therefore, an 
interaction paradigm was developed allowing each team member to interact with the Fovea-Tablett®, the internet 
database for additional information about reference objects and the work table server. Pen control and toolbars are used 
for interaction as shown in Figure 6. Following functionality has been realized  

• Fovea-Tablett® 

o Zooming in/out 

o Panning the FT image (MC-MXT Tracker off) 

o Annotation tool 

o Changing vector overlays of the situation on FT 

o Entering the database module (one FT at a time) 

 Activating database objects  

 Switching inside image and camera gallery 

• Work table server 

o Switching between different prepared views 

o Zooming in/out 

o Panning the situation presentation 

Because the digital situation table is a team working place the interaction concept must take into account that view 
changing and the selection of scene objects cannot be allowed for all team members at the same time. All manipulation 
concerning the work table server is authorized by a boss FT, creating a clear hierarchy because view changing affects all 
team members currently working at the situation table.  

Because the object database only has one output region on the vertical display, its availability is restricted to one FT at a 
time. On completing database access the next FT requesting database information is accepted. If an analyst wishes to 
retrieve information about a marked object in the scene he must select the data symbol in the FT’s tool bar. If someone 
else has already selected this symbol on another FT the analyst will not be able to activate the database function. He must 
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therefore ask the other team members for permission to use the object selection tool and can only activate object 
information selection on his FT after the person before him has released the function. 

 

 
 

Fig. 8. Tool selection by pen 
 

2.3 The object database 
Objects with additional information are indicated symbolically within the situation where different object types have 
different symbols. These symbols are connected to the situation by their geo-coordinate and type. After a symbol is 
selected with the pen on the FT display the referenced object information is presented on the vertical screen. This is a 
45” LCD monitor fixed vertically to the work table. Information about the selected object can be data from a database or 
online data from an arbitrary sensor (e.g. images from a webcam). Figure 9 shows the vertical screen with the scene 
overview on the left and the information about a marked object with a stored still image on the right.  

 
 

Fig. 9. On the left of the screen the available views on the situation are listed. On the right information for a selected object 
is presented. 

 

SPIE-IS&T/ Vol. 6495  64950E-6



application server tracking server

cam era signal

C
IR camera

 

 

2.4 System architecture 
Figure 10 shows the system architecture of the digital situation table. The IR camera is fixed under the work table 
parallel to the image projection. The IR camera is connected to the MC-MXT tracking server, where the identity, the 
coordinates, and the rotation angle of the markers detected in the IR image of the camera are calculated. This information 
is passed to the application server running a GIS. Based on the data from the tracker server this calculates the coordinates 
of the views for the FTs. These data are passed to the FTs according to their IDs. While tracking server and application 
server with the work table are connected by LAN the FTs and the application server communicate wireless. In a first 
prototype the data link was realized via Bluetooth. Because Bluetooth has a very narrow bandwidth all data (maps, 
images and symbols) have to be stored on each FT so that the corresponding view section can be displayed quickly. To 
transmit the entire data from the GIS server to the FTs would require a high-speed radio-based WLAN. 

 
Fig. 10. System architecture of the digital situation table 

 
The software architecture of the situation table is built according to the ISO OSI reference model described in [9].  

3. SCENARIOS 
Up to the present two different scenarios have been realized. In one case the digital situation table is configured for a 
team of specialists dealing with problems in the field of water management. In the other scenario security team is 
planning secure transport for a VIP or goods. For each scenario a different Geographic Information Systems (GIS) and 
different situation representation data are used.  

For the water management scenario the GIS viewer on the work table displays a raster map with different symbols. Each 
symbol represents a geographic position with data about available water resources. All additional information lies in a 
database connected directly to the GIS. Depending on the kind of data from the database it is presented either in tables or 
in graphical form. One kind of graphical presentation is the visualization of ground water behavior over time. Figure 11 
shows the situation table configured for this scenario. 

 

SPIE-IS&T/ Vol. 6495  64950E-7



list of scenes

overview

images & maps
& GIS information

object data
webcam access

Fovea-Tabletts
for detail analysis

even off line

 

 

 
 

Fig. 11. Situation table set up for water management 

 
For the security scenario aerial images and vector data are combined whereby the vector data on the work table are 
different to those represented on the Fovea-Tabletts®. On the work table only rough vector information such as major 
traffic routes and rivers are presented, whereas more detailed information such as smaller streets and labeling?? is 
displayed on the FTs. All additional information is held in a database which also stores links to online sensors like 
webcams. Figure 3 shows two people working at a situation table configured for the security scenario. 

4. RESULTS 
In application fields such as disaster management or and environmental planning teams of experts have to analyze and 
assess the situation of a defined region in order to decide further action. By combining different display technologies, an 
automatic image processing algorithm and a geographic information system the Fraunhofer IITB has developed a digital 
situation table which offers an expert team a common overview as well as local detail views on a situation. In addition, 
supplementary information can also be easily displayed. A horizontal work table gives the team a common overview on 
the situation. So-called Fovea-Tabletts® (FT) located on the work table offer the analysts a detail scene view on a 
smaller section with very high resolution. On a work table several FTs can be used simultaneously whereby each FT can 
be arbitrarily moved around the work table. This allows the experts to choose freely and quickly their areas of greatest 
interest. The precise location of the detail scene view displayed on a FT and the overview of the situation displayed on 
the work table are calculated by an automatic image processing algorithm. An interaction paradigm allows each team 
member a large amount of freedom when interacting on the situation table using an FT. During interaction with the FT 
additional information about objects and online data can be displayed on a vertical screen. View changing and image 
manipulation are also possible. The interaction paradigm also ensures common cooperative team work. Figure 12 shows 
the digital situation table where the hardware components are labeled with the functions running on them. 

 

 
Fig. 12. Situation table hardware components labeled with their functions 
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