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The subproject SP4 “Decision Support”  of the project OASIS has been intended to conduct 
applied research on decision support in emergency situations and, on this basis, develop 
innovative prototype tools to facilitate and enhance the work of crisis management personnel, 
in particular, people working in emergency control centres. 
 
The main decision support tools developed in SP4 include: 
 
·  IDAS: a tool for intelligent search and visualisation of relevant information 
·  Schedule Builder: a tool for automated generation of feasible evacuation schedules 
·  KDMS: knowledge and document management system, including legislation documents 

base and Recognition of Toxic Events (RTE) modules 
·  Modelling framework: a framework to integrate environmental numerical models 
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1.1 Overview of the functionality 

The main functionality of IDAS is summarized in a visual form in Figure 1. 

 

Information 
about the event:  
type, time, 
affected area 

Database of  
geographical objects:  

name, type, position 

Knowledge base: 
types of events 

hazardous agents 
types of objects 

population groups 

Potential risks Endangered objects Possible shelters 

IDAS 

 

Figure 1. The main functionality of IDAS. 

·  Intelligent data search and processing functions 
o Detect potential sources of danger in a given perimeter, depending on the type of 

emergency. 
o In a given perimeter, detect the locations of people and/or objects needing special care 

(e.g. hospitals, schools, etc.), taking into account the type of emergency, day of the 
week, and time of the day. 

o Estimate the number of population in a given perimeter in total and for special 
categories. 

o Find buildings or places outside the danger zone that can be used for sheltering people 
·  Visualisation of the results in an intuitive way 
·  Possibility of visual communication of the results 
 

1.2 Major  achievements 

1.2.1 Research and development 

The major challenge in creating the tool was to attain apparent simplicity and ease of use. 
This has been achieved in two complementary ways: 
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1. By applying the knowledge based approach from the area of artificial intelligence (AI). 
2. By implementing a friendly and easy user interface, where visualisation plays an essential 

role. 
 
The use of AI techniques underpins an intelligent behaviour of the system. Thus, the system 
“understands”  what types of objects may potentially cause secondary dangers if they are 
situated in an area affected by a given type of event. For example, containers of flammable or 
explosive materials such as petrol stations and gas storages may be dangerous in case of a fire 
occurring nearby. The system uses this understanding for automated search of relevant objects 
given the type of event and the affected area (for this purpose, it needs to be connected to a 
database of existing objects, where the types of the objects are specified). 
 
In a search for endangered people (or other items), the system is sufficiently intelligent not 
only in the recognition of the types of objects that may contain people (such as schools, 
hospitals, shopping centres, stadiums, …) but also in judging whether the people are likely to 
be there at the given moment. For example, it is unlikely that children are at school in the 
night or on a weekend. When a disaster approaches relatively slowly, such as a flood, it can 
be expected that people capable to move on their own (unlike patients in hospitals or 
prisoners) will avoid staying in flood-threatened buildings and, hence, such buildings will 
require less attention than buildings containing people requiring help in moving, special 
equipment, or surveillance. 
 
This sort of intelligence has been achieved by creating a special knowledge base on crisis 
situations. With the available resources, it was impossible to develop a complete knowledge 
base. We have built a reduced version, which was sufficient for the proof of concept. 
However, the knowledge base can be easily extended since it is separate from the program 
code and has the form of XML files, which can be edited by means of any suitable tool. The 
underlying XML schema supports multiple languages (i.e. synonyms of the terms in different 
languages can be specified). 
 
Since the system operates with geographically referenced data, the results of the search are 
presented in a visual form on a map display. This is done fully automatically. The relevant 
objects are represented by various icons, depending on the object types. The icons are taken 
from a library, which can be customised according to user preferences or accepted standards. 
The sizes of the icons depend on the degree of relevance. Thus, icons reduced in size are used 
for latent (not immediate) risks and for objects which are not very likely to contain 
endangered people or other items at the given time (but still need to be checked). 
 
The results of the research and development have been presented at conferences and seminars 
and published in conference proceedings and journal papers. 
 
Conference presentations: 
·  GI4DM - The First International Symposium on Geo-information for Disaster 

Management: Delft, The Netherlands, March 2005 
·  Location Based Services and Telecartography: Vienna, Austria, November 2005 
·  9th AGILE Conference on Geographical Information Science: Budapest, Hungary, April 

2006 
o The presentation received the Best Paper  Award 

·  AutoCarto: Vancouver, Washington, USA, June 2006 
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Publications: 

A) Conference proceedings 

Andrienko, N. and Andrienko, G.: A concept of an intelligent decision support for crisis 
management in the OASIS project. In P. van Oosterom. S. Zlatanova and E.M.Fendel (Eds.): 
Geo-information for Disaster Management, Berlin: Springer, 2005, pp.669-682 
 
Andrienko, N. and Andrienko, G.: A framework for decision-centred visualisation in civil 
crisis management. In Gartner, G. (Ed.): Location Based Services & TeleCartography, 
Proceedings of the Symposium 2005, Geowissenschaftliche Mitteilungen, Heft 74, 2005, 
pp.201-206 
 
Andrienko, N., and Andrienko, G.: Intelligent Visualisation and Information Presentation for 
Civil Crisis Management. In Suares, J. and Markus, B. (Eds.): AGILE 2006, 9th AGILE 
Conference on Geographical Information Science, Proceedings, pp.291-298 
 
B) Book chapter and journal paper 

Andrienko, N.,and Andrienko, G.: A framework for decision-centred visualisation in civil 
crisis management. In G.Gartner; W.Cartwright, M.P.Peterson (Eds.): Location Based 
Services and TeleCartography, Springer, 2007, pp. 461-477. 
 
Andrienko, N., and Andrienko, G.: Intelligent Visualisation and Information Presentation for 
Civil Crisis Management, Transactions in GIS, 2007, v.11 (6), pp. 889-909 
 

1.2.2 User evaluation 

We were encouraged by positive reactions of potential users during the trials of the POS1 
version of the OASIS system. Unfortunately, in the course of the POS1 trials there were no 
possibilities for detailed testing and evaluation of each component of the whole large system. 
However, the intelligent search and visualisation component attracted the attention of the 
users, who acknowledged that this kind of functionality was new for them and that such tools 
would be useful in their practice. 
 
Good opportunities for user evaluation appeared in POS2 trials. The tool has been tested by 
users in Romania and in Czech Republic. In both cases the reaction of the users was positive. 
The users did not encounter difficulties in using IDAS. The functionality and the user 
interface were well understood. It is notable that almost no training was required for using the 
intelligent search functions. It was sufficient to demonstrate how IDAS works, and the users 
could immediately repeat the main operations. Hence, the ease of use we were striving for has 
been successfully attained. 
 
Both Romanian and Czech users said that they would like to have such a tool in the system 
they use (or will use in the future) for crisis management. Of course, the tool has to be well 
integrated with the other components of the system and smoothly incorporated into the 
standard operational procedures.  
 
Users’  criticism concerned the use of a separate map window for displaying the results of the 
search. This problem is minor from the technical viewpoint since it is not very difficult to use 
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another map display. The problem requires first of all a conceptual solution: on which display 
should the search results appear so that they do not interfere with other information and do not 
obstruct other activities. This depends on the accepted work practices and user’s roles and 
may therefore be specific for different user organisations and for different countries. 
However, this open problem does not diminish the role of IDAS as a successful proof of 
concept of intelligent decision support for crisis management. 
 

1.3 Lessons learnt dur ing the process of development 

1.3.1 Development of the knowledge base on  crisis management 

The success of a knowledge-based system depends first and foremost on the knowledge 
content. Development of a good knowledge base is a difficult task, which requires much time 
and effort. With the available resources, it was impossible to develop a complete knowledge 
base. We have built a reduced version, which was sufficient for the proof of concept. We 
implemented the knowledge base in such a way that it can be easily extended: it is separate 
from the program code and has the form of XML files, which can be edited by means of any 
suitable tool. In the future, it would be good to find a way for developing a comprehensive 
knowledge base (ontology) on crisis management in a cooperative way such that experts from 
different organisations and countries could contribute. 
 

1.3.2 Visualisation of the search results 

It was initially supposed that the intelligent search module would send its outputs to the 
Geospatial Manager for displaying on the map. However, it was unclear how to combine this 
with the regular functions of the Geospatial Manager, in particular, with displaying the 
current situation, resources, missions, etc. The solution we arrived at was to define a generic 
program interface such that any software module implementing this interface can be used for 
displaying the output of IDAS. In the current version, the visualisation system developed in 
Fraunhofer IAIS is used for this purpose, but it can be easily replaced by another tool. This 
solution proved to be good: although the visualisation system has undergone significant 
changes during the time of the project, this did not require any changes in IDAS; even re-
compilation was not needed. At the same time, changes in IDAS did not require any changes 
in the visualisation system. 
 

1.4 Lessons learnt dur ing the tr ials with users 

1.4.1 POS1 

Unfortunately, there were no possibilities for detailed testing and evaluation of IDAS within 
the large-scale trial of the whole OASIS system. This was not a unique problem for IDAS; 
several other components could not be tested as well. The lesson for the entire OASIS 
consortium concerned the organisation of the trials in the future. A trial should be either 
focused on a small subset of the available tools and functions or divided into manageable 
parts, which are fulfilled over several days. These lessons were taken into account in the 
planning and organisation of the POS2 trials. 
 

1.4.2 POS2 

The tool has been tested by users in Romania and in Czech Republic. In both cases the 
reaction of the users was positive. The lesson we have learnt is that automated extraction and 
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visual presentation of relevant information provide significant conveniences to users and are 
therefore appreciated. 
 
We made an observation that the users paid very little or no attention to the explanations 
provided by the system, e.g. why this or that object is dangerous or why people are likely or 
not likely to be in this or that place at the given time. Evidently, the results of the search were 
clear to the users without the explanations. The lesson for the future is that such explanations 
should be provided only upon user’s demand. 
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2.1 Overview of the functionality 

The main functionality of Schedule Builder is summarized in a visual form in Figure 2. 

Scheduler UI 

Transportation orders in a text file 

Scheduler 
(computational 

module) 

Items to evacuate 

Possible destinations 

Available vehicles 

 

Figure 2. The main functionality of Schedule Builder. 

This is a software tool capable of automated generation of feasible evacuation schedules. A 
schedule consists of transportation orders. A transportation order defines a single trip by 
specifying the transportation means, the source, the destination, the type and number of items 
to be transported, the start time, and the end time. 
 
The input information for Schedule Builder includes (1) the places where there are items to 
evacuate, the numbers (amounts) and categories of these items, and the latest allowed 
departure times per place and category; (2) possible destinations, i.e. safe places to which the 
items can be moved, and their capacities, by item categories; (3) available sources of vehicles, 
the types of vehicles in each source and the number of vehicles of each type. A graphical UI 
module helps the user to prepare the input. After that, the automated generation of evacuation 
schedules is done by a computational module, which uses a specialized scheduling algorithm.  
 
In order to enable the user to examine an automatically generated schedule and assess its 
acceptability, the UI module provides a suite of visual and interactive techniques, which 
include: 
·  Gantt chart: gives a detailed view of all or selected trips in a graphical form. 
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·  Schedule overview: shows in a summarized form the supposed evacuation progress over 
time with respect to states of the items (in sources / on the way / in destinations), use of 
the destination capacities (free / partly filled / full), use of the vehicle capacities (free / 
partly filled / full), and activities of the vehicles (idle / moving without load /moving with 
load). 

·  Source-destination matrix: shows the total numbers of trips or numbers (amounts) of items 
to be moved between different places. 

·  Map: shows the schedule-relevant information in the geographical context. 
 

2.2 Major  achievements 

2.2.1 Research and development 

2.2.1.1 Main challenge 

In the development of the Schedule Builder we strove at achieving a synergy between human 
and computer. On the one hand, the complexity of problem of evacuation scheduling calls for 
computational methods, which are especially needed in time-critical situations. On the other 
hand, such methods cannot account for all relevant information and criteria, especially for 
what is specific to the geographic area of the disaster and its neighbourhood. The main reason 
is that spatial and spatio-temporal relationships and semantics of spatial objects and locations 
cannot be adequately encoded (at least at present) in a computer-interpretable form. Besides, 
an attempt to encode all relevant local information would take too much time, which would 
nullify the value of the automated tool. 
 
A solution is to involve a human expert in the process of planning. The idea is that the 
automated tool produces a “draft”  schedule. The expert (henceforth called “planner” ) 
evaluates this schedule, identifies parts needing improvement, and directs the further work of 
the automatic tool for revising the schedule. An effective way to provide material for human’s 
analysis and reasoning is by means of visualization and interactive visual interfaces. 
 

2.2.1.2 Special algorithm for evacuation scheduling 

The problem of evacuation planning differs from standard vehicle scheduling problems 
solved in business applications, where an input for a scheduling algorithm usually consists of 
transportation requests (incomplete transportation orders) specifying the types and numbers of 
items to be delivered and their sources and destinations. The task of an algorithm is to 
associate each request with an appropriate vehicle and a time interval when this vehicle will 
fulfil the delivery. 
 
In emergency evacuation planning, the planner has no time for the formulation of 
transportation requests. The input information consists of a list of locations with items to 
evacuate (including the types and numbers or amounts of the items) and a list of available 
transportation resources (locations, types, and numbers). A computational tool, in addition to 
the standard functionality, must be able to put the items in each location into groups fitting in 
available vehicles and to choose an appropriate destination for each group. 
 
Another distinctive feature of evacuation planning is the time pressure. There may be no time 
to wait until the scheduling software builds a perfect schedule. Therefore, the tool must be 
designed so that it quickly finds a feasible but not necessarily optimal solution and then 
progressively improves it. As a result, a valid solution exists at any moment. In a case of 
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emergency, the user does not need to wait until the algorithm finishes its work but can get a 
reasonably good (although not necessarily optimal) solution within affordable time limits. 
 
According to the specifics of the problem, we have devised a specialized scheduling 
algorithm by adapting the Breeder Genetic Algorithm earlier developed in our institute. The 
computational module stops either when further optimization does not significantly improve 
the solution or the specified time limit is reached, whatever comes first. 
 

2.2.1.3 Visual analytics tools for schedule assessment 

A transportation schedule is a complex construct involving geographical space, time, and 
heterogeneous objects (people and vehicles) with states and positions varying in time. This 
information is very difficult to visualise in a comprehensive but at the same time 
comprehensible way. Besides, a schedule for the transportation of a large number of items 
from multiple source locations to multiple destinations is inevitably large. Existing 
visualisation techniques, which are used, for example, in planning and logistics software, are 
not scalable to such amounts of data.  An additional problem is that an evacuation planner 
usually has no time for a detailed inspection of all transportation orders.  
 
To find a proper solution, we undertook a thorough problem analysis. First of all, we listed 
the questions that need to be answered for deciding whether a schedule is acceptable and, if 
not, for understanding how to modify it. We prioritised the questions according to their 
criticality. On this basis, we formulated detailed requirements concerning the visualisation, 
which finally allowed us to make an appropriate design of the tools. When the tools had been 
implemented, we could prove that they allow the user to get answers to all the questions and 
that the highest priority questions can be answered most efficiently. In particular, the schedule 
overview display has been designed in such a way that the presence or absence of critical 
problems such as shortage or lack of appropriate resources is seen immediately. This display 
automatically appears when a schedule is produced and loaded in the UI module. 
 
One of the requirements was the availability of a summarized representation of the data 
complemented with the possibility to focus on various subsets. To meet this need, we 
invented and implemented an innovative technique, called dynamic aggregation. The idea is 
that the user may set one or more data filters of different types: by people category, by time 
interval, by source, and/or by destination. The aggregation is applied to the portion of the data 
that have passed through the filters. When any of the filters changes, the aggregation is 
immediately re-applied. The process of dynamic aggregation is hidden from the user but the 
resulting summarised data are shown in different displays (schedule overview, source-
destination matrix, and map), which are automatically updated when the data are re-
aggregated in response to changes of the filters. 
 
Generally, inventing highly innovative and original visualization and interaction techniques 
has not been our goal. On the opposite, we intentionally strove to apply common techniques, 
expectedly familiar to the user. The rationale was to decrease the time required for the users to 
recognize the meaning of a display and learn how to use it. 
 
The research and design work we have done was presented at conferences and seminars, 
where it was well accepted by the scientific community. We demonstrated that application of 
the ideas of visual analytics is a promising approach to supporting decision making, in 
particular, where the problems have geographic (or spatial) and temporal aspects. Visual 
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analytics may be especially helpful in time-critical applications, which pose hard challenges 
to decision support. 
 
Conference presentations: 
·  EURO XXII - 2007 European Conference on Operational Research: Prague, Czech 

Republic, July 8-11, 2007 
·  VAST - IEEE Symposium on Visual Analytics Science and Technology: Sacramento, 

California, USA, October 30 to November 1, 2007 
·  AVI - Working Conference on Advanced Visual Interfaces: Naples, Italy, May 2008 
 
Publications: 

A) Conference proceedings 

Andrienko, G., Andrienko, N., and Bartling, U.: Visual Analytics Approach to User-
Controlled Evacuation Scheduling. IEEE Visual Analytics Science and Technology (VAST 
2007) Proceedings, IEEE Computer Society Press, 2007, pp.43-50 
 
Andrienko, G., Andrienko, N., and Bartling, U.: Interactive Visual Interfaces for Evacuation 
Planning. In Working Conference on Advanced Visual Interfaces AVI 2008 Proceedings, 
ACM Press, 2008, pp.472-273 
 
B) Journal paper 

Andrienko, G., Andrienko, N., and Bartling, U.: Visual Analytics Approach to User-
Controlled Evacuation Scheduling. Information Visualization, 2008, v.7 (1), pp. 89-103 
 

2.2.2 User evaluation 

The Schedule Builder has been tested by users in two POS2 trials: in Romania and in Czech 
Republic. In both trials, the use of the tool was quite successful. 
 
Although the Schedule Builder is not extremely easy to use (this is the result of the necessity 
to prepare input data of several types and the complex structure of the output), the users were 
able to learn in quite a short time how to operate the tool. In the case of Romanian trials, the 
tool developers personally participated in user training. However, after a demonstration and 
explanation, which took about 40 minutes, the users exercised mostly independently (the 
developers were available for answering occasional questions). Czech users learned the tool 
by themselves using the documentation. In both cases, the users were able to operate the tool 
in the course of the trials and subsequent demonstration sessions without any help from the 
side of the developers. Moreover, the Romanian users were able to explain their actions and 
the results they obtained to the audience during the demonstrations. 
 
Despite some technical problems encountered, the users’  reaction was appreciative. Both 
Romanian and Czech users expressed their conviction that such a tool for automated 
evacuation scheduling should be a part of a regular system for crisis management. They 
would like to see a tool of this kind as a part of the system they use or will use in the future. 
Of course, tight integration with other components is strongly required. Similar opinions were 
expressed by the guests of the OASIS Final Event (14-15 October 2008, Elancourt, France).  
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2.3 Lessons learnt dur ing the process of development 

2.3.1 Role of visualisation 

The scheduling algorithm and the computational module implementing it (further called 
“scheduler” ) were developed for quite a long time without the use of a graphical user interface 
for preparing or modifying the input data and for presenting the results. For testing the work 
of the scheduler, a few example inputs were prepared in advance. The developers evaluated 
the work of the scheduler by inspecting text files with outputs of the module. 
 
Only when a robust version of the scheduler producing apparently satisfactory results had 
been obtained, the work on developing the UI and visualisation facilities started. Already the 
first visualisation, Gantt chart, exhibited a number of errors and inconsistencies in the outputs 
of the scheduler. One example is the occurrence of two or more simultaneous trips of one 
vehicle for delivering different types of load, which in total would exceed the capacity of the 
vehicle. When the schedule overview display appeared, it turned out that the capacities in the 
destinations are also sometimes overused. Such kinds of errors were extremely hard or even 
impossible to detect by only inspecting the outputs in the form of text files, which were very 
large and contained lots of strings and numbers. Hence, after the appearance of the 
visualisation tools, the developers of the scheduler resumed the work on debugging the 
software and improving the algorithm. 
 
The lesson to be learnt from this experience is that appropriate visualisation is essential for 
checking the work of any computational tool. Visualisation of tool results is crucial even in 
cases when these results are intermediate and not meant to be presented directly to users. It is 
also important to have convenient means for producing multiple different variants of input 
data in order to test the tool more carefully. 
 

2.3.2 Task-analytical approach 

In designing the visualisation techniques to support the evaluation of the scheduler output by 
the user (evacuation planner), we applied the task-analytical approach, which proved to be 
effective. This was done in the following way. First of all, we listed the questions that need to 
be answered for deciding whether a schedule is acceptable and, if not, for understanding how 
to modify it. Then, we prioritised the questions according to their criticality. On the basis of 
the questions and their priorities, we formulated detailed requirements concerning the 
visualisation: what information is relevant to each of the questions, what level of detail of this 
information is appropriate, what information must be seen immediately and what should be 
available on demand, and so on. The design of the tools was made with these requirements in 
mind. Thus, the schedule overview display has been designed in such a way that the presence 
or absence of critical problems such as shortage or lack of appropriate resources could be seen 
immediately. When the tools had been implemented, we could check and prove that they 
support obtaining answers to all the previously defined questions and that the highest priority 
questions can be answered most efficiently. 
 
This approach can be suggested for use in other similar cases when new tools are designed in 
areas where there are no existing tools or established practices yet. The key element of the 
approach is the anticipation of user’s tasks to be carried out or questions to be answered. 
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2.4 Lessons learnt dur ing the tr ials with users 

2.4.1 Performance of the scheduler 

In the Romanian trials the scheduler worked very efficiently and produced acceptable results 
in a very short time (maximum 2 minutes). This was not the case, however, in the Czech 
trials, where the scheduler required almost an hour to generate a schedule. This situation was 
very surprising, since such problems never occurred before although many different variants 
of input data were used for testing the tool. The first lesson to be learnt is that preparation to 
trials with users should be better organised in the future so that examples of input data similar 
to those supposed to be used in trials were provided in advance to the tool developers. In this 
case, the developers can timely check how the tool copes with the data and make necessary 
corrections and improvements before the trials, to avoid losses of user’s time during the trials. 
 
After the Czech trials, the developers of the scheduler found a way to improve to a certain 
extent the performance of the tool; however, the gain was not very significant. To find the 
reason for the problem, we carefully analysed what was different in the input data used in the 
Czech trials from the other sets of input data, which were used for testing and in the 
Romanian trials. With the help of the visual techniques, we found out that the problem given 
to the scheduler in the Czech trials was unsolvable, i.e. it was impossible to build a schedule 
such that all people could be evacuated from the endangered places within the given time 
constraints.  
 
Thus, according to the input data, the original locations of the available ambulance cars were 
quite far from the locations of the sick and injured people supposed to be evacuated by means 
of these cars (see Figure 3). Therefore, much time (from 30 to 100 min, with only a few 
exceptions) was required for the cars to get to the places with the people. The given time 
limits for evacuating the people were, depending on the category of people, from 30 to 90 
minutes; hence, most cars would come to the places with people when the time limits for 
some or even all of these people had been already exceeded. Furthermore, an ambulance car 
can take each time only one person (according to the input data). The total number of sick and 
injured people to be evacuated was 130; hence, 130 trips of ambulance cars would be needed 
to evacuate them. As there were 24 cars available, each car had to make 5-6 two-way trips in 
addition to the initial trip from its original location to the place with the people. In total, the 
required amount of time was much more than it was allowed by the time limits. A feasible 
evacuation schedule could not be built for such input data. 
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Figure 3. The map illustrates the input data for the evacuation scheduler. The locations of 
the ambulance cars, designated by violet circles, are mostly very far from the locations of the 
sick and injured people, marked by two bigger pink circles. The yellow bars designate the 
available destinations and their capacities. 

 
The long computation time was the result of the scheduler testing lots of equivalent variants 
of arranging trips without gaining any success. In other words, the scheduler tried to solve the 
problem by means of small local improvements. However, for detecting that the problem has 
no solution, a kind of “global view”  is required, which was not foreseen in the scheduling 
algorithm. 
 
In order to avoid such situations in the future, it is necessary to find a reliable method for a 
quick check of problem solvability (unfortunately, this is quite a hard problem, which requires 
further research). Provided that such a method exists, the scheduler should proceed in two 
steps. First, it should roughly check if it is feasible to do the evacuation with the available 
resources within the specified time constraints. If not, the user should be immediately notified 
about this. The user in this case is expected to check the input data for possible errors, e.g. 
whether the speeds of the vehicles are not under-estimated. If there are no errors, either 
additional transportation means need to be found or the time limits extended. Only when the 



 

Deliverable ID:  
Document Ref.:  

D-SP4_09 
OASIS_SP41_RPT_255_FHG_1_0 

SP4 Summary of main 
achievements and 

lessons learnt 

 

OASIS_SP41_RPT_255_lessons_learnt_FHG_1_0_pub.doc Page 18 / 32 

solvability check gives a positive result, the detailed scheduling, which requires more time, 
should be carried on.  
 
One more lesson is that visualisation proved to be useful also in the search for the reasons for 
the inadequate performance of the computational tool. 
 

2.4.2 UI and  visualisation techniques 

The visualisation tools that had been designed were well understood by the users after some 
training. They also proved to be effective in conveying the relevant information to the users. 
A minor comment was that the users would prefer to see meaningful texts instead of codes 
denoting vehicle types in the popup windows, which appear when the mouse cursor points on 
bars in the Gantt chart. 
 
One fact from our experience with Romanian users is remarkable and deserves keeping in 
mind. According to the scenario of the trial, an evacuation schedule was supposed to be 
prepared in the regional crisis control centre and sent to the mobile control centre situated in 
the flood-affected area for executing. The original thought of the developers was that the 
schedule should be sent in a form of plain text file, in which the transportation orders for each 
vehicle are listed. However, the users in the mobile control centre wanted to have the 
possibility to see the schedule they have received also in the visual form, i.e. in the same way 
as the planner(s) in the regional centre. Fortunately, this was possible to achieve, although not 
in a fully automatic manner. This fact emphasised the importance of visualisation in general 
and the convenience of the particular visual representations we have developed for the users. 
The lesson for the future is that users prefer visual output of information (provided that the 
meaning of the visual display is clear to them). At the same time, we consider this as an 
indirect but extremely valuable evidence of our success in designing the visualisation 
techniques. 
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3.1 4.1 Overview of the functionality 

OASIS document management system provides to the users in command and control centres a 
component helping to efficiently structure and access information resources and to collect 
information on relevant norms, regulations and policies, which need to be used for evaluating 
various decision options from the perspectives of existing legal constraints. 
 
OASIS knowledge management system provides a component helping the users in command 
and control centres to efficiently structure and access information resources to be used for 
decision-making on different stages of planning and tasking, to make the process of creating 
and updating the mitigation and evacuation plans simple and quick. 
 
The main functionality of KDMS is summarized in a visual form in Figure 4. 

 

Figure 4. Functionality of the OASIS knowledge and document management system 

 
3.2 Major  achievements 

3.2.1 Research and development 

3.2.1.1 Underlying architecture 

Both the document and the knowledge management systems have similar architecture and are 
implemented within the same open source middleware component VxOware 
(http://sourceforge.net/projects/vxoware/). Schemas for metadata records about documents, 
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emergency cases and units of experience are customizable both for the XML structure and for 
the User Interface language. VxOware is a complex distributed web-application. Its main 
components are shown in Figure 5. 
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Figure 5. VxOware system components 

 
The Web Portal is a user interface to the document and knowledge base. It helps users interact 
with data and metadata. It is built with JSP technology.  
·  Outer Search is a REST web service which allows other applications to communicate with 

VxOware. 
·  Workflow Management is the application core. It implements various functions for 

working with data and metadata.  
o Metarecord management – creating, editing, deleting, searching and managing 

metarecords. 
o Data management – processing, storing and requesting data and data sources. 
o Configuration management – creating sections, configuring sections, configuring web-

services, internationalization and localization. 
o User profile management – managing user profiles, bookmarks, basket; managing 

access rights. 
·  Authentication – user authentication module. 
·  Store plugin – a programming interface for unified access to data storage of same kind 

(document files, images, movies). 
·  Resource plugin – an embeddable programming interface between an external data source 

(for example, weather forecast or numerical model for toxic plume propagation). 
·  User DB – database containing user accounts information. 
·  XML storage – system information storage: metadata records, sections configuration, user 

profiles. 
·  Object storage – storage of data objects obtained from data sources (for example, 

telemetry) and users (for example, papers). 
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·  Data resource – remote data source. 
 
Search tools are the essential part of VxOware. These tools are used for searching for 
metadata objects in VO. There are three kinds of search: attribute search, context search, and 
external search. 
 
Context search: 
Searching in VO sections is done taking into consideration the properties of each type of 
record and is aimed at the contents of the record. The search space can be limited with one or 
more metarecord elements. For example, in the section, which contains FGDC data, you can 
search for records containing certain values among keywords. 
 
Attribute search: 
Is used for full-text search in all VO sections based on their properties (for example, usage 
and view statistics). Thus time and space binding (which is possible) allows to search for VO 
objects with specific geographic coordinates and time properties. You can also search among 
objects belonging to a certain discussion topic or a certain user.  
 
External search: 
Besides the web-based search available through the VO web-portal, administrators can make 
sections available for external search (by external applications), using a framework of web-
services. Thus you can create p2p VO federations from different application domains, which 
may interact and exchange data. To do it you need to specify a list of sections, available for 
external applications through the web-service, and a list of metadata fields, available for 
searching and displaying. 
 
The external search web-service is available via REST protocol. The web-service returns a 
configuration-based self-description of VO (information about the available capabilities) with 
a list of sections open for search. On requesting the information for a certain section the web 
service returns a list of metarecord elements (and possibly a set of valid values), whose values 
may be used to find objects in this section. With this self-description a context search query 
can be created. Its result is a list of objects. An important feature of the external search web-
service is its dynamic result format. You may choose which of the available metarecord fields 
you need to see in the query result. These properties of the web-service make it suitable for 
case-based reasoning applications.  
 

3.2.1.2 Document management system 

Using the document management system, we have built the OASIS database of legal 
documentation. The system is designed for loading documents together with XML description 
which contains the basic information about the document. A stored document can be linked 
with OASIS TSO and other documents, comments, replies and precedent cards by an 
identifier. Document usage log allows saving information on where and how the document 
was used for decision support, etc.  
 
Documents are stored in a hierarchical tree catalogue. The inner structure of the catalogue can 
be represented in several ways corresponding to different document ordering. 
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The legislation for different countries can be divided into sections corresponding to the 
countries. The list of such sections must comply with international conventions for country 
names and codes. Currently the national classification of legislation acts is used to build the 
catalogue tree. The legal document repository provides full text document search capabilities. 
 

 

Figure 6. View metadata about a document: title, author, description, usage statistics, link to 
download the document from the file storage. Users can view the discussion thread related to 
the document, add a comment, follow links to related documents.  

 
3.2.1.3 Knowledge management system 

We apply the knowledge management system to build the database with Emergency Cases 
(EC, fact) and Units of Experience (UoE, knowledge). The UoE database is formed by the 
records obtained through expert knowledge about emergency cases. These knowledge 
metadata about emergency cases are stored in a separate section. The current application 
stores information about fires. The main fields for the emergency cases were selected 
according to the experience of national fire services.  
 
The main blocks of fire emergency case record include time to travel, development history 
(including time of appearance, starting time of extinguishing measures, time of taking 
additional measures, time of complete extinguishing), site description(buildings, 
surroundings, historical information, fire extinguishing facilities), fire development 
(spreading, other fire-specific information), fire extinguishing measures (before arrival of fire 
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brigades, fire service control, work of fire brigades), resource costs (additional services 
needed: evacuation, treating of hazardous materials, medical help) and fire consequences 
(damage by fire, damage by extinguishing measures, number of casualties, environment 
consequences, production consequences). 
 
The following blocks are used for expert assessments of fire and emergency actions: 
1. factors influencing the development of emergency situation; 
2. assessment of the successful emergency actions taken by different services; 
3. assessment of drawbacks in the actions taken by different services. 
 
Each block of an UoE can be represented by several fields, giving the information in full 
detail. An expert does additional indexing of the record, assigning it to one of the categories, 
which makes it easier to find similar records and use them in decision support systems.  
 
When using UoE to describe expert knowledge about emergency cases, it is possible to search 
for similar experience across different types of emergencies, for example search for similar 
resource costs between fire and flood cases. At the same time, user can search for similar fire 
cases in the Fire Emergency Facts database section, for example for the same cause fires. 
Search mechanism used in the facts or knowledge section is essentially the same, the 
difference in the semantics of the search results come from the different level of knowledge 
abstraction in the fact or UoE database record. 
 
Both fact and knowledge search web forms have two different parts, one (Identification) to 
express the search criteria, another (Info) to select elements of the database records to be 
returned in the search results list. The knowledge search engine can dynamically predict size 
of the results list, based on the selected elements of the Identification section. The tentative 
size of the results list is displayed in the upper right corner of the search form using AJAX 
functions in the web browser. The search results list displayed to user will have only those 
elements which were selected in the Info part of the search request form. At the same time 
each item in the list will have a link to the full UoE record.  
 

3.2.1.4 Recognition of toxic events 

Currently there is a vast amount of software that provides tools and information for analyzing 
and responding to chemical hazards.  Chemical hazards analysis software typically includes 
substance identification support, physical characteristics, human health information, 
containment and suppression advice, etc. However, most of these tools suffer from lack of 
interoperability. They may provide sufficient functionality as stand-alone applications, but 
when it comes to integration with large-scale information systems they fail to provide a 
common interface. Interoperability becomes especially important for emergency analysis 
tools, because fast uniform access to urgent information from multiple sources is the key to 
successful suppression of emergency situations.  
 
The objective of the Recognition of Toxic Events (RTE) module is to assist users in command 
and control centers for recognition of chemical and toxic events, based on monitoring data, 
casualties data, GIS data and appropriate information bases. Relevant is information about the 
inflammable-explosive, toxic substances - overcoming the consequences of accidents, 
connected with the dangerously explosive, flammable and toxic substances, minimization and 
liquidation of consequences of accidents. A component for recognition of toxic events allows 
the users to recognize the event (or to determine the set of the possible events) that has taken a 
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place based on the emergency response data (visual and other observed patterns including 
their locations, medical symptoms registered in the majority of the population within a small 
area) and to determine the type of the discharged chemical or bacteriological substances. 
 
The Toxic Event Recognition web form has two different parts, one (Identification) to express 
the toxic agent search criteria, another (Info) to select elements of the database records to be 
returned in the search results list. The search engine can dynamically predict size of the 
results list, based on the selected elements of the Identification section. The tentative size of 
the results list is displayed in the upper right corner of the search form using AJAX functions 
in the web browser.  
 
The RTE user can modify the search result output. By default, the search engine returns only 
toxic substance name and general description. On the RTE search web form users can request 
more details on the substance physical properties (physical state, flammability), fire extinction 
methods, evacuation regulations, etc. (Fig. 7) 

 

Figure 7. Toxic event recognition web form. 

 
Conference presentations: 
·  American Geophysical Union Fall Conference in San-Francisco, December 2007 
·  Global Earth Observation System of Systems (GEOSS) Workshop on API in Boulder, 

September 2008 (http://www.earthobservations.org/) 
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3.2.2 User evaluation 

The Document and Knowledge Management System has been tested by users in one POS2 
trial in Romania. The use of the tool was quite successful. 
 
The document manager was used primarily for collaborative documenting of the development 
of the emergency event. Field experts could post photographs and movies taken at site 
together with textual comments, officers at the command centre could associate the field 
observations with other data available from OASIS system, such as the Tactical Situation 
Objects and site maps. The reach functionality of the underlying store and search engine 
VxOware, including multi-lingual user interface and many ways of cross-referencing between 
the objects, such as external (URL) and internal (docID) links, keyword tags and directional 
relation associations, together with multimedia object support has made the document 
manager an appropriate collective Wiki and blogging tool for the emergency management. 
 
The knowledge manager was used primarily for the toxic event recognition. During the trial 
the emergency management personnel was trained to use the RTE module as a routine tool to 
recognize the toxic chemical substances in water and in atmosphere, and to consult the 
knowledge base for the medical, fire extinction and population evacuation regulations. 
 

3.3 Lessons learnt dur ing the process of development 

The key function for both document and knowledge management is search. In the VxOware 
software tool we have implemented several types of searches: full text search on metadata, 
text search in the specific metadata elements, full text search in the document contents. 
Provided that both the manager web interface and stored documents are multi-lingual, this is a 
complicated problem. The lesson learned is that for the large-size multilingual document and 
knowledge bases it is preferable to use external (possibly commercial) search and indexing 
services, such as Google, Yahoo, or Yandex (for Russian language). 
 
The knowledge base software development team was not an authoritative source of such kind 
of emergency management information, which is not available in public domain. The lesson 
learned is that the authoritative data collection and databasing tasks should be considered as 
an important and integral part of the project development cycle. 
 

3.4 Lessons learnt dur ing the tr ials with users 

As it was mentioned before, the Document and Knowledge Management System provided 
very rich functionality to the users. However, the existence of several possible variants of 
implementing the same task within the same system was sometimes confusing for the users. 
The lesson learned is that the document manager user interface and workflow have to be 
focused for a limited number of well-documented use cases with the just minimal 
functionality needed for those tasks. 
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4.1 Overview of the functionality 

The development of high resolution and accurate environmental models is out scope of the 
OASIS project. Due to the variety of geographical conditions and civil engineering 
regulations in European countries, different regional models can be used to simulate the same 
phenomena, such as air pollution, flood, toxic spill propagation, or earthquake damage. 
 
However, it is important to assist the users in effective utilisation of various models, 
depending on the type and characteristics of situation. This includes quick provision of proper 
input data and easy incorporation of the modelling results in the overall picture of the 
situation so that they could be used for decision making. 
 
The developed modelling framework is capable to handle numerical models from different 
domains. Two different models have been integrated into the framework for emergency cases 
at the OASIS trials: 
·  Emergency Case 1:  A technological emergency accompanied by a discharge of chemical 

or bacteriological substances. 
·  Emergency Case 2:    A flood caused by rain or thaw. 
 
In the chemical substance discharge emergency case the model has to predict the propagation 
in the atmosphere of toxic substances in the gas and/or aerosol form up to the distances to 
hundreds of the kilometres and to calculate precipitation of aerosol particles taking into 
account the dispersed composition taking into account a change in the course of time in the 
parameters of source (arbitrary configuration and form) and of meteorological conditions 
(Fig. 8). 
 

 

Figure 8. Toxic plume propagation forecast map for OASIS trial in the Great Britain. 
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For the flood the model has to predict the spreading of the flooded area with time (water 
level) based on the emergency response data (cause of the flood: rain, thaw, etc.), meteo data 
(including weather forecast, snow thickness, etc.), GIS data about the emergency area (a set of 
typical data about the river including the banks and dams heights and terrain patterns) and 
mitigation measures (putting dikes, etc., Fig. 9) 
 

 

Figure 9. Flood forecast GIS map for OASIS trial in Romania. 

 
4.2 Major  achievements 

4.2.1 Research and development 

4.2.1.1 Virtualization of regional environmental models 

From the system architecture point of view, running numerical environmental model involves 
the following steps: collecting of different types of input data, possibly with visualization, 
transformation of the input into a set model-specific data files, configuring and execution of 
the numerical model code chain, collecting of the model output files and visualization of the 
model output for the end user. 
 
Network services can modify the modelling workflow in different ways: 
·  Data-oriented: User can download data files and executables from different network 

sources and execute the modelling on the local workstation. 
·  Computing-oriented: User can send the data files and executables to a remote high-

performance computer for execution, and download the modelled results back to the local 
workstation. 

·  Service-oriented: User can send the data files to a modelling service. 
 
For computationally intensive numerical models the service-oriented workflow allows to host 
the code at the remote computer cluster within pre-configured environment. Simple data-
oriented models can be executed at the user desktop, provided the input data and the model 
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code are available before the run. The OASIS model framework will support both data-
oriented and service-oriented workflows. Air pollution plum propagation model is 
implemented using service-oriented workflow. Flood simulation is done using the data-
oriented one. 
 

4.2.1.2 Virtualization of environmental data sources 

We use Data Resource Service (DRS) abstraction layer to virtualize “sequential databases”  
providing geolocated time-series for our modelling framework. The Data Resource interface 
is implemented as an OGSA-DAI (http://www.ogsadai.org) component with a simple XML 
output schema. OGSA-DAI is a middleware product which supports the exposure of data 
resources, such as relational or XML databases, on to grids. Various interfaces are provided 
and many popular database management systems are supported. The software also includes a 
collection of components for querying, transforming and delivering data in different ways, 
and a simple toolkit for developing client applications. 
 
Environmental data selected from the Data Resource in XML format can be transformed by 
XSLT post-processor to be used by another client, for example in the MS Excel spreadsheet 
or as an input file for numerical model. Many environmental applications use data as 
multidimensional arrays rather than related SQL database tables or semi-structured XML 
documents. Thus optimal query language and output data schemas for such data services may 
be different from SQL statement/result set or xQuery expression/XML document. A good 
example of the array-based data model is the UNIDATA (www.unidata.org) Common Data 
Model, implemented as both NetCDF binary and NCML XML file formats. Examples of the 
query languages include OPeNDAP (www.opendap.org) and OpenGIS 
(http://www.opengeospatial.org/standards) Web Coverage Service specification. 
 

4.2.1.3 Air pollution plum propagation 

To predict a toxic plume propagation in atmosphere we use the software implementation of 
Lagrangian trajectory stochastic (Monte-Carlo) model developed at the Nuclear Safety 
Institute of the Russian Academy of Sciences, called PROGAZ. It is based on the same 
atmospheric dispersion model as the well-known NOSTRADAMUS software First we 
remove all unnecessary interface modules, leaving only the basic executable file which 
provides the model functionality. The executable is placed inside a web-service wrapper, 
which makes it possible to use model results with external applications (Fig. 10).  
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Figure 10.  Web service wrapper for PROGAZ model executable. 

 
To model plume propagation for the real-time weather conditions, we have prototyped a 
weather forecast data source web service. The input parameters for the XML service perform 
document include time and geographical location as set of points or rectangular region. The 
data source output is an XML-formatted document with a one-week forecast for the basic 
weather parameters such temperature, pressure, wind speed, precipitation etc. The output can 
be visualized directly with the OASIS HMI or used as an input for the environmental 
numerical models, such as plume propagation or flooding spread. The weather forecast 
database is automatically updated every 6 hours with the 1 degree latitude/longitude weather 
grids provided by the US National Weather Service (NWS).  
 
Model input parameters are passed in the form of a text file. Advanced user interface can be 
used to set all necessary parameters instead of editing the file by hand. The input file can also 
be prepared automatically by some third-party application or data provider. The atmospheric 
plume modelling wrapper web service was integrated with the OSASIS COE (Fig. 8). It can 
receive data from the weather forecast OASIS data service, store modelled plume parameters 
in TSO using COE Data Manager, and display plume propagation map using HMI. 
 

4.2.1.4 Flood modelling 

Numerical modelling of floods is an important part of environmental risk assessment. At the 
same time it is a challenging computational problem, involving a chain of several numerical 
models, such as:  
·  Precipitation forecasts based on meteorological simulations of different resolution from the 

meso-scale to the storm-scale. For flash floods, high-resolution (1 km) regional 
atmospheric models have to be used along with remote sensing data (satellite, radar) 

·  From the quantitative precipitation forecast, hydrological models are used to determine the 
discharge from the affected area. 

·  Then hydraulic models simulate water flow through various river structures to predict the 
impact of the flood 
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The above modelling steps require a lot of computing power, good internet connection 
between the command and modelling centers, and, most important, detailed hydrological 
study of the flooding area.  In the OASIS field trial demonstrations we have used a simplified 
local approach based on the flood modelling module r.lake from the open-source GIS GRASS 
(http://grass.osgeo.org/). Data sources for the hydrology network was the open GIS dataset 
with the scale 1:1 000 000 and for the digital elevation model (DEM) was the open SRTM 
(http://srtm.csi.cgiar.org/) database from NASA with horizontal resolution about 50 m. 
 
Using the knowledge management system, a flood modeller can download from an 
appropriate data store the necessary model executables, user guides and regional hydrological 
datasets and DEM. Running the flood model locally is relatively simple. After installation of 
the GRASS GIS with the QuantumGIS (http://www.qgis.org/) graphical user interface, the 
user has to register the hydrology and DEM GIS data layers. For the given location in the 
r.lake model interface the user has to specify the expected water level during the flood. Then 
the GIS module will calculate the surface of the flooded area and draw a flood forecast map 
(Fig. 9) 
 
Conference presentations: 
 
·  Global Organization for Earth System Science Portal (GO-ESSP) Workshop, Seattle 

Public Library, September 2008 (http://go-essp.gfdl.noaa.gov/) 
·  Wireless Sensors Networks Workshop at the John Hopkins University, September 2008 
·  17th ACM GIS symposium on Advances in geographic information systems, November 

2007 
 
Publications: 
 
Zhizhin, M., E. Kihn, R. Redmon, A. Poyda, D. Mishin, D. Medvedev and V. Lyutsarev. 
Integrating and mining distributed environmental archives on grids, Concurrency and 
Computation: Practice and Experience, vol. 19, pp. 2157 – 2170, 2007  
 
Zhizhin, M, E Kihn, V Lyutsarev, S Berezin, A Poyda, D Mishin, D Medvedev and D 
Voitsekhovsky, Environmental scenario search and visualization, Proc. 15th ACM 
symposium on Advances in geographic information systems, 2007  
 
Zhizhin M, A Poyda, D Mishin, D Medvedev, E Kihn, V Lyutsarev, Grid Data Mining with 
Environmental Scenario Search Engine (ESSE), Chapter 13 in Data Mining Techniques in 
Grid Computing Environments, Ed. Werner Dubitzky, pp 281-306, Wiley, 2008 
 

4.2.2 User evaluation 

The OASIS modelling framework has been tested by users in POS1 trial in the Great Britain 
and in the first POS2 trial in Romania. The use of the tool was quite successful. 
 
In the POS1 trial in the Great Britain the toxic plume propagation modelling was used. The 
trial was about the toxic event followed by fire at the chemical factory. The model was used 
extensively during the trial to predict the time evolution and concentration of the air pollution 
plume. 
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In the first POS2 trial in Romania the flood model was used to choose the emergency camp 
location and plan evacuation of civil population from the possibly flooded area. The simple 
GIS model was easily managed by the field experts during the demonstration.  
 

4.3 Lessons learnt dur ing the process of development 

Development of the toxic plume propagation model was basically an implementation of the 
web service wrappers to the real-time weather forecast database and to the closed-source 
executable module to predict the propagation in the atmosphere of toxic substances in the gas 
and/or aerosol. For the executable module, we had to strip out its graphical user interface and 
to provide a simple file-based data and configuration input mechanism. Communication 
between developer groups in the two separate closed-source project was a difficult task, 
provided that the executable model has a scientific research quality code, different from a 
commercial production product and support. A lesson learned is that the experimental 
components in the modelling framework have to have source code shareable and open for an 
external review. 
 
During research and development of the flood model inside the framework we have tried 
several models, including The Flood Forecasting Simulation Cascade (FFSC) which is a pilot 
application of the EU-funded K-Wf Grid project. The enormous complexity of the software 
deployment at our Computer Center as well as tuning of the modelling chain for the specific 
region in Europe serve as a strong argument in favour of the service-oriented approach, when 
the OASIS framework is used just as a client to the distributed network of modelling services, 
which follow a loos interface contract (SOAP, OGSA-DAI or WSRF). If the service-oriented 
architecture cannot be implemented for a specific subject area, the basic data-driven approach, 
when a simple and approximate model together with the input data set are downloaded from 
the OASIS knowledge base and ran at the user workstation, should be used. 
 

4.4 Lessons learnt dur ing the tr ials with users 

As mentioned before, in the POS1 trial in the Great Britain the toxic plume propagation 
modelling was used. We have noticed two problems and learned the following lessons from 
the simulation.  
 
First, the simulation scenario involved fire brigades in two neighbour countries, the GB and 
France. The physical and geographical conditions did now allow so distant propagation of the 
pollution plume (with dangerous concentration), so we had to artificially “adjust”  the distance 
between the fire brigade locations in the GB and France to obtain dangerous toxic 
concentrations in the model output for the both sites. The lesson learned from this problem is 
that models in the framework have to support both real-world and synthetic use cases, both 
with the reasonable flexibility for the choice of input parameters and configuration. 
 
Second, the number of the model input and tuning parameters was relatively large, requiring 
basic atmospheric physics background from the model users. The lesson learned is that the 
modelling framework needs to have two interfaces for the two different user communities: 
novice and expert users.  
 
In the first POS2 trial in Romania the flood model was used. The simple GIS-based user 
interface was easily managed by the field experts during the demonstration. However, the 
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detail of the hydrological and geographical data taken from public sources was not sufficient 
for realistic modelling of the small stream flooding in the trial area. The lesson learned is that 
the model input data has to be prepared with the maximum possible quality and in contact 
with the local authorities at the earliest stages of the modelling framework deployment. 
 
 


