Decision support system for the crisis management in an instance of uncertainty of information and data
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ABSTRACT: A frequent and quite normal situation in the crisis management is an instance of uncertainty and a lack of amount, structure, time adequacy and quality of information and data, thus the decisions makers and reacting managers have to deal with this problem. In the technologic project TP-06/0007-01 was implemented Decision Support System (DSS) for the area reduction for mine action management on a strategic level through the use of data fusion methodological approach and the upgrade of the results from SMART project
. Although the DSS was applied on the problems of the humanitarian mine, it has wider potential and could be applied in other crisis situations. Data fusion methodological approach is based on (1) the interpreted and fused multi-sensor imagery collected by aerial reconnaissance and surveillance, (2) enhanced and extracted indicators of mine presence and indicators of mine absence, (3) the formalized expert knowledge, (4) on the combined contextual data, (5) the spatial data provided by geographic information system (GIS) and (6) on the data contained in other information systems (e.g. Mine Information System (MIS) of the mine action centre (MAC)). The generic solutions from SMART have been integrated with data fusion methodological approach and implemented in the form of the DSS. SMART is intended to provide some of this additional information that would help in two ways: it can reinforce the suspicion of some places and reduce the suspected area on others. Output of the DSS at the final stage consist of three maps: (1) the map of mine danger measure, (2) confidence map of indicators of mine presence and indicators of mine absence, (3) the map of spatial stability of results. The methodological combination of three of them enables the validation or dismissal of areas proposed for reduction, thus they are suitable for practical use in mine action management of the humanitarian demining. 

1 INTRODUCTION

The Decision Support System (DSS) was designed for analyzing and processing all accessible compatible data, information and expert knowledge about some particular scene and specific matter on it. After collecting all accessible data about some particular scene and phenomenon on that same scene it is necessary to put all that data in a comparable relationship. It is mandatory for using all indicator impacts on the scene for getting final results (thematic images). DSS provide end-users methodological tools for processing multi-spectral and hyper-spectral data (images of the scene), contextual data and expert knowledge. The final results of that processing are images that show impacts of all indicators on the some particular scene. Those images were made for helping the decision makers and reacting managers at decision making. In humanitarian demining that decisions are decisions about the reduction of MSA or reinforce suspicions in MSA. In the oil pollution domain that can be decisions about cleaning and legal actions against polluters. 
The thematic images which display the interaction between all input data (danger maps and confidence maps) are made on the basis of that data processing. Before input data and information processing it is necessary to analyze the data and information and to define their characteristics (imperfections, redundancy and complementarity (Yvinec at all, 2005)) and levels (low – mostly original data, high – pre-processed data (Yvinec at all, 2005)). The decisions on the further actions make the decisions makers and reacting managers. The decision is made on the basis of the results of the processing of all input data. Products of DSS are also thematic images of confidence and stability of declaims on mentioned thematic images (danger maps and confidence maps). This system developed by the implementation of the generic methodology for support in decision making from the project Space and airborne Mined Area Reduction Tools (SMART) (EC-IST-SMART, 2001) funded by the European commission. The aim of the SMART project was to provide end-users with safe, cost-efficient, innovative, validation and user friendly tools for the monitoring of the environment and for the assistance to the decisions makers and reacting managers in humanitarian demining. The results of DSS are used for helping in the reduction of MSA or reinforce of suspicion in MSA. However, all modules developed in the SMART project were not implemented in one unique methodological system. So, in the technologic project TP-06/0007-01 was implemented DSS for the area reduction for mine action management on a strategic level through the use of data fusion methodological approach and the upgrade of the results from SMART project
. Data sources for this kind of system in project TP-06/0007-01 were: multi-sensor, multi-spectral and hyper-spectral images data, geoinformation system (GIS), mine information system (MIS), data base, ground truth, contextual data and expert knowledge. 

2 PREVIOUS WORKS

The efforts of the Croatian scientists in the domain of the remote sensing for the needs of the humanitarian demining started in 1996., (Bajic at all, 2008), and continued in the scientific projects financed by the European Commission and other international institutions (EC-IST-SMART, 2001), (ITF, 2008). Among several scientific projects aimed to support a humanitarian mine action by the technology of the remote sensing, only one satisfied rigorous validation by the conventional technology (EC-IST-SMART, 2001), (Yvinec at all, 2005). This project Space and airborne Mined Area Reduction Tools (SMART), developed approach and methodology that can support decision makers in the MAC by defining the areas that could be released to the use although they were earlier declared as mine suspected (Yvinec at all, 2005), (Bajic at all, 2008). The mathematical definition of the problem of the reduction of a mine suspected area is explained in (Acheroy, 2005). The methodology of SMART assumes that the measures of the confidence of the inputs are known (measured, estimated). An example of the mine field records is presented in (Matic, 2005). The role of the mined scene interpreters is presented in (Vuletic, Krtalic, 2005) the role of the “man in the loop” is especially stressed in SMART (Vuletic, Krtalic, 2005). The image quality measure (IMQ) defined in (Nill, Bouzas, 1992) is used for the estimation of the quality of the data contained in the different images acquired by the remote sensing systems or in the digital orthophoto maps.

3 CURRENT WORKS

The main deficiency of the project SMART (Yvinec at all, 2005) is the lack of the integration of the developed tools into a system, thus the application in the humanitarian mine action was not realized yet. In the technology project which was financed in the time period 2007 - 2008 by Croatian ministry of science, education and sports, this deficiency was removed and the SMART methodology can be used for operational purposes in the humanitarian mine action (MZOS RH, 2007). The International trust fund for demining and the mine victims assistance (ITF, 2008) invited Croatian team to apply the SMART methodology on three communities with huge mine contamination using the solution realized in the project (MZOS RH, 2007).

4 CONCEPT OF THE SYSTEM

The basic concept of the DSS and its environment was displayed by scheme on figure 1. DSS and its environment consist of following parts: determining list of indicator, input data, data pre-processing, validation of input data, data processing, data fusion, thematic images (discrete and continuous), validation of the results.
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Figure 1. Concept of DSS, and its environment.

4.1. Indicators
The operator (the mined scene interpreter) (Vuletic, Krtalic, 2005) must have specific knowledge, skills and knowledge about particular scenes (mined scene) for managing this system. For that reason  

the interpreter of the mine scene must closely cooperate with experts in some particular scene and phenomenon on it (mined scene). The list of the objects is made on the basis of this collaboration. That objects are indicators (Yvinec at all, 2005), and those indicators need to be detected and marked on the multi-sensor images. That can be done automatically or interactively depending of the indicator. Indicators in humanitarian demining are divided in two categories: indicators of mine absence (IMA) and indicators of mine presence (IMP). Objects like agricultural land or asphalt road in use lead to the conclusion that this area is free of mines. On the contrary, objects like trenches, bunkers, abandoned agricultural land and minefields records lead to the conclusion that mines are present somewhere in that area. The detection and marking of IMA and IMP need to be done on multi-sensor images. The determination of the position in space and the vectorizing thereof are also mandatory for contextual data (minefield records, mines accidents). Further more their impacts on other objects at the scene must be taken into account in the data processing from the contextual data. These impacts are displayed by membership function (Fig. 2) on the basis of information from experts in humanitarian demining (Tab. 1). Presumptions of experts for mine action serve as basis for the pondering of indicator impact on environment and the mutual impacts.

Table 1. Control points used to determine the shape of the membership function for the Blinjski kut region (Wolff, 2004).
	Blinjski kut region

	Indicator
	Risk starts at (m)
	High risk from (m)
	High risk  to (m)
	No risk beyond (m)

	Agricultural areas that are no longer in use (IMP)
	indicator
	indicator
	indicator
	indicator

	Bridges (incl. destroyed bridges)  (IMP)
	0
	0
	100
	150

	Confrontation zone from analytical assessment (IMP)
	0
	100
	250
	300

	Damaged, destroyed houses (IMP)
	0
	0
	50
	50

	Forest edges (IMP)
	-10
	0
	10
	20

	Forest edges (IMP)
	0
	0
	100
	120

	Forest edges (IMP)
	0
	0
	100
	120

	Trenches and man-made embankments (IMP)
	0
	100
	150
	300
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Figure 2. Shape of the membership function for trenches (Wolff, 2004).
4.2. Input data
Input images data for DSS (figure 1) in TP-06/0007-01 project are multispectral (3 visible and one infrared channel), hyperspectral (44 channels in range 0.4 – 1.0 μm) and thermal digital images (8-12 μm). The input data also can be geo-spatial data like aerial photogrametric images, digital orthophoto (DOF - panchromatic or colour) and digital terrain models (DTM) if that exist. Geographic maps of different scales can also serve as input data for DSS. The other input data are specific contextual data about particular phenomenon which is analyzed on the scene and based on expert knowledge. Ground truth data (data from the field) about particular scene are also input data. This data is used in data processing and validation of results of classification, data fusion and thematic layers.

4.3. Pre-processing and validation of all input data
The purpose of data pre-processing is the detection and enhancement of indicators on input images in the system (multi-sensors images). Only undoubtedly detected indicators can serve as inputs in the system. Because of the fact that the aerial images acquisition system is a multi-sensor system, every sensor within has different resolution of the images. The precondition for the combination and data processing (classification, data fusion) of the information from those images is the registration of all input images regarding to one reference image (mostly image with the best ground resolution) (Krtalic, 2006). After that action all images have the same image resolution and they can be combined. The quality of the image registration should be known and taken into account in the assessment of the results. The quality assessment of overlapping of geodetics bases and multi-sensor images need to be done (Krtalic, Fiedler, 2006). Further more, an estimate of the reliability of all contextual data which are inputs for data fusion also need to be done. The source of contextual data must be determined before data processing. Table 2 shows one example of statistical estimation of reliability of mine records quality for tree tested regions in project SMART (Matic, 2005). 113 mine records were estimated statistically (based on 34 parameters equally weighted – model of uniform importance). Table 2 shows the minimal, maximal, mean and standard deviation of this estimation.   

Table 2. Basic parameters of the confidence of mine field records of test regions (Matic, 2005).
	Test region
	Min
	Max
	Mean
	Standard deviation

	Ceretinci
	0,5
	1,0
	0,768
	0,1399

	Glinska poljana
	0,462
	0,923
	0,791
	0,1195

	Pristeg
	0,357
	0,929
	0,830
	0,1404
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Figure 3. The difference between expert’s estimation and estimation based on uniformly weighted 34 parameters of 113 minefield records. RED – uniform importance, BLUE – expert's estimation of 34 analysed parameters (Matic, 2005).
These 113 mine records were also estimated by experts for mine actions and the results were significantly different from the statistical estimation because models of the non-uniform importance (Fig. 3) were used. The significant differences are visible except in the range from 45 tp 50 % (Fig. 3).
 4.3. Data processing and data fusion
The aim of data processing is to prepare all data for classification and data fusion, followed by production of thematic images. Pixel and object oriented classification base on uncertain statements (fuzzy logic). The purpose of the classification is to detect and separate indicators from other objects on the scene. In the SMART project better results give object oriented classification base on fuzzy systems (Yvinec at all, 2005). This kind of classification is non-binary (soft) classification. Fuzzy logic is a mathematical approach to quantifying uncertain statements. The basic idea is to replace the two strictly logical statements yes and no by continuous range of [0...1], where 0 means exactly no and 1 means exactly yes. The output of a fuzzy classification system is a fuzzy classification, where the membership degree to each land use class is given for each object. For a successful classification a deliberate choice of membership function (Definiens Profesional, user guide) is crucial. This allows the introduction of expert knowledge into the system.     

The one aim of data fusion is to combine all results derived within DSS and expert knowledge. The second aim is to produce thematic images with impacts of indicators on the scene and also impacts between indicators on the base of the fusion results. 
4.3.1. Thematic images (Danger maps)
Danger maps (Wolff, 2004) are synthetic documents designed to help the end-users in their decision-making process regarding MSP reduction. They are documents that combine the results output by the detectors and classifiers, with added expert knowledge referring to the size of the area of influence of each indicator. For each IMP and IMA, detectors and classifiers were implemented to output on the one hand location images, and on the other hand confidence images. The location images are binary masks featuring the indicators, whereas the confidence images show the confidence value in the detection or classification result. Some location and confidence images came from other sources, like the MIS. Data fusion was performed when there was more than one result for a given indicator. After this process, a single location image and a single confidence image were available for each indicator (Wolff, 2004).
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Figure 4. a) Discrete location map of IMP, b) Discrete location map of IMA for Blinjski kut region

Danger maps were produces based on these location and confidence images. Two types of danger maps were defined, with the objective of providing the end-users with information that can help them make a decision about area reduction: discrete danger maps (Fig. 4a) and continuous danger maps (Fig. 4b) (Wolff, 2004). The discrete danger maps cover a complete scene and mainly feature the area of influence of all the indicators that were detected. They are documents that combine the results output by the detectors and classifiers, with added expert knowledge referring to the size of the area of influence of each indicator. Continuous danger maps cover a complete scene and feature more elements than discrete danger maps. They introduce more nuances and require additional expert knowledge.

4.4. Validation of the results
The results of the classification and thematic images should be evaluated for the purpose of testing of the DSS efficiency. The validation of the results is done by confusion (error) matrix and its parameters (Congalton, Green, 1999). For this purpose good ground truth data on the scene and object on it (collected from the field) are needed. This is reference data for comparison with the results derived from DSS. The parameters of the confusion matrix give analytical presentation of benefits of all DSS results (classification, thematic images). The benefits of the DSS results can be also presented with cost-effective analysis by comparison assets needed for the proposal for reduction of MSA by regular survey and by methodology of DSS.
5. CONCLUSION

DSS is a methodological system developed for humanitarian demining problem. It is proved that this system gives usable results in this domain (Yvinec at all, 2005). DSS is applicable also in other domains of human activities. For that purpose consulting and close interactive with experts in some particular domain is mandatory for establishing the list of indicators in that phenomenon and it’s separate and mutual impacts on the environment. The domain of sea pollution with oil spill is an additional domain of human activities in which the described methodology of DSS will be used. The results of this future application should be thematic images of the current situation of pollution (classification) and information for helping in the revealing of pollution committers  
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