[image: image1.png]GPS satellite
i » 332/ .

71




[image: image7.jpg]


Matthias Mueller is graduated in Cartography at University for Applied Sciences, Berlin and in Environmental Sciences at the University of Rostock, Germany. His research interests are the fields of geovisualizations and spatial data management. He works at the GeoForschungsZentrum (GFZ) Potsdam , Germany in the working group Geoinformation Management and Visualization of Prof. Dr. Doris Dransch. 
SPATIAL GUIS FOR COMPLEX DECISION SUPPORT IN TIME-CRITICAL SITUATIONS
Matthias Mueller1, Monika Wnuk2, Doris Dransch1, Ulrich Raape2
1 - GeoForschungsZentrum Potsdam (GFZ), Geoinformation management and -visualisation, Potsdam, Germany

2 - Deutsches Zentrum fuer Luft- und Raumfahrt (DLR) Oberpfaffenhofen, Information Technology, Wessling, Germany

matthias.mueller@gfz-potsdam.de

Abstract

Complex and time-critical situations within the context of decision support systems can overwhelm humans’ cognition. To aid users in dealing with these situations, a well-designed graphical user interface with spatial aspects which incorporates two main design principles is required. First, spatial GUIs must achieve the best possible situation awareness for users. Second, adequate methods of interaction must provide the users with a sense of control and the ability to explore the displayed information. Moreover, spatial GUIs of decision support systems have to support decision making in a collaborative manner. Users need well-defined decision proposals together with a comprehensible reasoning to be able to initiate the appropriate action. Within the project of the German-Indonesian Tsunami Early Warning System (GITEWS) we developed a spatial GUI for complex decision making in time-critical situations. A user and task analysis with scenario descriptions such as use cases form the basic requirements of the spatial GUI. To avoid information overload, a concept of information aggregation into single incidents was developed. Further, a consistent GUI design, a clear and salient visualization of the spatio-temporal information, as well as suitable interactive windows lead users through the decision process. Finally, our spatial GUI depicts customized information depending on the current situation and thus enables a better support for user decisions.
1 Introduction

Time-critical situations as they occur in operating centers like for early warning tasks can be complex and overwhelm the operators. Operators have to recognize a great amount of information and to make rapid decisions followed by appropriate actions. Therefore mistakes can occur. This is especially critical if rescue operations depend on these decisions. It is widely known that human’s attention is generally shared and cognitive abilities are limited especially if the user is under stress. Nevertheless, users of early warning systems have to take the best possible decision to save life and goods. 
1.1 Problem Description

Our research focuses on the question how a sophisticated user interface should be structured to provide optimized situation awareness in such complex situations and how the spatial aspect can support the users’ decision finding. While decision support systems (DSS) and their graphical user interfaces (GUIs) have been in use in traffic or plant control centers or early warning centers for many years, new approaches are required especially due to the use of modern sensor techniques and communication networks. 

Also, extended geoinformation technologies and geovisualizations open new possibilities in crisis management. Geoinformation technologies have undergone rapid development in the last two decades. Based on enhanced computer technologies, particularly in the field of internet, new applications were devised and implemented which are used in all areas of human life. Nevertheless geoinformation and GIS stay in the focus of research, especially in the field of crisis management and decision support systems. Some important constraints in the use of GIS in crisis management remain. For instance, user interfaces are too complex for crisis managers, GIS software packages are usually stand-alone applications and they do not support collaborative decision finding, data processing in real time is mostly not possible (Fuhrmann et al., 2007). 
In this paper we investigate the requirements of an easy to use and collaborative interface for crisis management. We conceptualize an approach and first design rules for spatial GUIs of early warning systems. Our investigation efforts will be illustrated by an example application in the German-Indonesian tsunami project which will be shortly introduced in the next section. In section 2 we discuss some specific problems of complex decision support. The next section explains the design principles of our graphical user interface. In section 4 we describe how these principles can be applied to a design concept of an exemplarily application and depict preliminary results. The last section summarizes the paper and concludes to future works.

1.2 Project Context 
Within the German Indonesian Tsunami Early Warning System (GITEWS) project an ambitious approach for a new kind of warning system will be developed. A particular challenge is the very short time between the occurrence of an earthquake and the tsunami arrival at the coast. This is due to the proximity of the Indonesian islands and the mainland to the highly active subduction zone of the Sunda arc. A large amount of various sensor types will be combined into appropriate single sensor systems such as ocean buoy or coastal tide gauge systems. The sensor data will be bundled at a central unit – the operating center. Its kernel consists of the Decision Support System (DSS) which should enable the operators to make decisions and to disseminate fast warnings to the population of coastal areas. Being a half-automatic component of the early warning system, the DSS should assist the human actor. Therefore, the user plays a crucial role in the process of deciding whether a warning shall be generated. 
2 Decision Support Environments
Decision support systems are widely used for diverse practical and scientific purposes. Such systems are usually computer-based information systems associated with a specific kind of process logic that supports decision making activities. General developments of DSS are currently characterized by an increased integration of interdisciplinary data and visualization of spatio-temporal data (Matthies et al., 2007). The following sub-sections discuss the complexity of decision process in the present project.
2.1 Different Sensor Systems
In the GITEWS project, various sensor systems produce a huge amount of different types of data. These different sensor systems determine the system design. Sensors on shore and on the ocean bottom such as seismometers, on the sea surface like buoys, and in space like positioning systems deliver data-streams to the DSS of the operating center. Fig. 1 illustrates the typical process of sensor data collection and transmission.
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Figure 1. Components of the German-Indonesian Tsunami Early Warning System.
The idealized situation is characterized as follows: an initial earthquake triggers sensors in the seismological sensor network. The seismological sensors alert the guard commander in the control centre using several communication channels. Other sensors follow and deliver data to the control unit - for instance ocean buoys which prove whether a tsunami wave passed through, or coastal tide gauges which detect water levels. All these data have to be processed, recognized, and understood by the users of the control center.
2.2 Time-critical Situations
The time-critical aspect plays a crucial role in the decision process of the operator. Such situations depend on the following circumstances: The subduction zone close to the shore generates the main earthquake events. These strong and shallow earthquakes in the offshore area are responsible for tsunamis. Due to the proximity of the Indonesian coast, the wave’s travel time is extremely short. Another time-critical aspect is indicated by technical circumstances, for example, the time that the system needs to receive all necessary data from the sensor systems. Furthermore the time-critical constraint depends on the time the operator needs for the situation awareness, as well as the interaction with the system, followed by decisions and corresponding actions. 
3. GUI Design Principles
There is a great amount of literature sources about GUI design and its principles (Shneiderman, 2004; Zetie, 1995Preim, 1999; ; etc.)
. They all address important general principles but finally GUI design depends on its final targets. The following sections will address some basic principles relevant to the present project and focus in particular on user and task analysis. 
3.1 Basic Design Principles

Basically, any design process should start with the definition of intended goals and tasks (Cooper, 2003). An investigation of goals plus activities and their context have to be done if user-centered interaction design is required (Dransch, 2001). Activities are essential for identifying users’ tasks and the subsequently design has to be realized in consideration of the identified tasks. For instance, menus, dialogue designs, and window alignments have to be adjusted properly to support the users’ current task. In general, the interface has to be consistent, clear, and has to follow reliable and recognizable rules. Users want to and have to easily discover the laws of the system (Zetie, 1995). Thereby user-friendly means a clear structured path through a software application with an appropriate degree of freedom for the process workflow. Additionally status displays help operators to realize their position in the workflow. Further, the use of symbols and icons promote an easy understanding by users and thereby the internationalization of interfaces. 
3.2 User and Task Analysis
In our current project the overall goal is determined by saving life and goods at the Indonesian coast. Having this in mind, a detailed user consideration as crucial part of design can follow. Design projects require a detailed understanding of prospective users (Shneiderman, 1998). This analysis process can be supported further by questionnaires, interviews and observances (Preim, 1999). In this phase of a project, users and their abilities have to be addressed. This can be done by assumption of specific user scenarios. After users properties were established, the task definition as another important precondition for GUI design should be discovered. The analysis leads first to a high-level task description. The high-level tasks have to be decomposed into middle- and small-level tasks (Shneiderman, 2004). 
4. Design of the Graphical Interface in GITEWS
Several circumstances determine this project, such as various sensor data, time-critical situations, and spatial aspects. Each of them has its own characteristic design principles. 
4.1 Design Rules Used
Our graphical user interface is characterized by a clear and consistent alignment of all GUI elements. All elements are fixed to their positions as resizing and overlapping is impossible. Also, no popup elements are included in order not to hide important information. The GUI is conceptualized to different perspectives which can be placed on several screens and workplaces in the operating center. A perspective depicts and supports a particular step within the workflow of the users. Additionally, status views enable users to control their current position in the workflow. A salient visualization directs the users’ attention to the next step by using blinking buttons and therewith to the currently noticeable perspective. In addition, a well-designed icon concept facilitates the interactions of users with the system, for example each sensor system is represented by its own icon. 

The common feature of the spatial reference of the entire sensor information is to be used. This spatial aspect was realized in the appropriate interactive map visualizations. Humans have good capabilities for spatial cognition which allow a fast retrieval of important information in graphical user interfaces (Kang and Shneiderman, 2006). Additional display visualizations like diagrams and timelines linked to locations depict data more comprehensible and enable users’ data exploration. 
4.2 Tasks and User Roles in Time-critical Situations
In the analysis of tasks three different levels of tasks were identified (Shneiderman 2004). Table 1 depicts the tasks in three categories of granularity. The successful tsunami warning describes the task of the highest category. This task will be consisting of detection, evaluation, and execution tasks of the middle category. The category of the small tasks summarizes all the concrete tasks of the user. 



Table 1. Tasks and roles matrix for GITEWS interface.
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Moreover, in the German-Indonesian tsunami project we work with a constant and homogenous group of users as the intended purpose of the early warning system requires trained personnel. The users of this system are well-known in terms of social formation and educational degree. The user analysis showed that operators with expert knowledge were needed, for instance of seismology, GIS, and computer administration. Consequently five different roles were assigned to the users. The roles with their corresponding tasks are illustrated in Table 1. The officer on duty (OOD) bears the main responsibility for the warning process in the operating room. The public information officer (PIO) is responsible for the contact with the action forces, the public etc. and disseminates the warning products. An analyst and a trainee have to analyze data and events of the past, while the administrator maintains the technical equipment. These role behaviors were illustrated in different use case diagrams and one of them is shown in Fig. 2. 
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Figure 2. Exemplary diagram of an OOD use case.

Another important reason for the partition of users in roles was the pressure of time. Many tasks have to be executed simultaneously by different operators in different roles. However, in emergency cases each task has to be executable by every operator if one role owner precipitates. This opportunity enables a collaborative decision finding and thus, it describes another reason for a strict window layout because each user with acting as a particular role has to be able to immediately recognize the interfaces on each screen. 
4.3 Dealing with Complexity 
In order to avoid users being overwhelmed by the data flow, the aggregation of information was one of the main design decisions. The primary concept is to aggregate all observations which indicate tsunami risks into one single incident. The incident is not shown as single GUI element but it is assigned by a unique identifier. Subsequently, three different perspectives were designed, each of them with specific tasks. 

As entry to the DSS, a so-called Situation Perspective (SP) was realized. It provides a situation awareness overview for users - in the first place by map visualization. Users are shown spatio-temporal observations and sensor information from the overview block on the left and the map. In addition, in the lower part of the perspective a timeline view illustrates temporal relations between the observations and decisions (see Fig. 3). 
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Figure 3. Situation Perspective view.
In order to assess the situation, an Observation Perspective (OP) was created. Users have the possibility to retrieve information condensed or in detail. In the overview block on the left side, all reported sensor systems were aggregated each to one single strip. These strips inform users of current and typical properties of the sensor systems. A click on one of these strips selects only the corresponding sensor details. Further information about the sensors can be requested over a couple of tabs providing related visualizations such as a time series, spatial plots, a map, or a table in the central part of the perspective. Also, the lower part shows a list with detailed information for each sensor. Users can zoom, filter, and sort the entries of the perspective as needed. For instance, due to the brushing concept an operator can select the information of some objects in the map-view by rubberband which affects the corresponding data in all other views. He can further apply filters to the data entries by using time constraints or value ranges etc. In addition, in the lower left part an observation log records every observation (see Fig. 4). 
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Figure 4. Observation Perspective view.
The third perspective, the Decision Perspective (DP) was deployed as a main view for decision finding. This perspective is the most sophisticated one for the users’ perception. In the left part all sensor systems were processed to classification bars enabling overall situation awareness. These bars represent the aggregated observation data of each sensor system as well as a forecast of the scenario simulation performed by the DSS. The latter for example shows for the expected tsunami the minimum estimated time of arrival (ETA) and the maximum expected wave height which is mapped onto the bar by color. The reliability of the information is illustrated by the filling degree of the narrow bar below. 
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Figure 5. Decision Perspective view.
The lower central section shows automated decision proposals for each single warning segment in different warning levels by an appropriate color scheme. Users can interact in this table view and change the warning levels manually. All changes to the warning segments are reflected immediately in the corresponding warning segment map in the upper middle part of the perspective (see Fig. 5). In the upper right section the user can re-check the position and the status in the decision process. 
5. Discussion and Conclusion

In this paper we discussed one of possible design concepts of a spatial GUI in crisis management. Initial results were shown for the project of the German-Indonesian Tsunami Early Warning System. The clear and consistent interface design enables users to develop good situation awareness for decision support purposes in time-critical situations. The usage of spatial visualizations for spatio-temporal data helps users to integrate observations to a general view. Also, the aggregation of observation data to incidents and the using of various perspectives facilitate the perception for users. Despite the fixed window layout, users can interact with the different perspectives to explore data in detail and to have control about the decision process. These measures were undertaken to simplify the complexity of time-critical decision processes for users. Additionally, the concept of user roles for different tasks allows a collaborative work in the decision finding process. While a practical test is pending, some general insights could be gained: The usage of spatio-temporal visualization advances quick situation awareness for users. Moreover the aggregation of data contributes to an easy recognizable information situation. 
The designed spatial GUI is still in a prototype phase. Further iterations with the users are necessary. However, new investigation questions arise for future work. Especially investigations are required which mobile geoinformation would be needed in crisis cases and how this information could be incorporated? Further, which GIS functionalities in a spatial GUI would be really necessary? Next steps are planned to enhance the GUI to a multimodal tool which supports auditive and haptic properties of humans, e.g. the usage of sounds and touch-screens. 
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