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ABSTRACT: The concept for an operational service for natural disaster situations
requires a scenario driven data access to different sensor information for all phases of a
disaster situation. This includes also the actual availability of image information of the
earth surface concerning the specific requirements of the phases. Space borne data
acquisition does not offer a sufficient data availability from a temporal point of view in
order to support all different phases in specific crisis situations. Especially the event phase
of a disaster situation cannot be supported as required.
In this paper we describe a concept for remote sensing image data acquisition on

demand and a rapid information flow within a crisis management system, which allows
to support the decision making process for different crisis scenarios and responsible
user groups. The investigation focuses on an airborne data acquisition platform as well
as on the development of a multi platform geo-service framework to improve the risk
management capacities in mountainous regions by realizing an integrated pre-
operational service. The demonstrator includes the client applications for building up an
overall crisismanagement system includingmobile units, amobile command centre, web
based presentations and open interfaces to other systems.

1 INTRODUCTION

Analysis work in the frame of the EU project ASSIST (Alpine Safety, Security &
Information Services and Technologies) and within the EU network GMOSS (Global
Monitoring for Security and Stability) has shown, that the actual availability and
timeliness of space borne earth observation (EO) data is not sufficient for operational
service which will cover all phases of natural disaster situations. At present, space borne
EO data can only support risk prediction or management tasks in the regeneration phase,
but not intrinsically the event phase of a disaster situation.
One of the main objectives within the ASSIST project, however, was to realize a rapid

information flow within a crisis management system based on the development of a
technical concept and the prototype realization for a geo-service framework. Therefore,
emphasis was put onto data acquired fromdigital camerasmounted on airborne platforms
(aircraft, helicopters, airships) with a pixel resolution of a few meters down to the
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sub-metre range. These basically can be launched as needed and data recording and
processing is feasible within a few hours as required. Automated processing lines further
have to be available for geometric processing and change detection tasks. Besides, the
project demonstrator includes the client applications for building up an overall crisis
management system including a mobile command centre, web based presentations and
open interfaces to other systems. Mobile solutions allow to assist rescue and security
teams in terms of communication, navigation by visualizing the current position
including the surrounded area and position tracking as well presentation of
geographically and thematically relevant information based on user and scenario driven
customization of the mobile applications.

2 SYSTEM OVERVIEW

The architecture behind the demonstrator is a node based system consisting of five main
parts, which are (1) the data acquisition module, (2) the data processing module, (3) the
central Service Node (ASN), (4) theMobile Node (AMN) and (5) the EndDevice (AED).
Figure 1 gives a graphical overview on these components of the multi platform geo-
service framework, which is being developed within the ASSIST project.
Aerial images are taken by a camera which is mounted on a manned or unmanned

air vehicle such as a helicopter or plane. The data is transferred to a ground station where
it is used as input for a rapid processing chain. The results of this data processing
are integrated into the ASN and can then be accessed and used by the AMN or AED.
The whole architecture is scaleable and hence adaptable to different crisis phases and

Figure 1. Overview of the system components of the multi platform geo-service framework.
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situations, making the system effective as a support tool for the decision making
processes in event situations.

3 TECHNICAL CONCEPT AND REALIZATION

3.1 Data acquisition

In the present context an aerial data acquisition platform is to be implemented, which
provides high flexibility concerning data acquisition, including highly overlapping
images to support 3D surface reconstruction and the feasibility of a quasi true-ortho
image and mosaic generation. For disaster monitoring near ‘real time’ image processing
is required, implying geo-referencingwithout using ground control points for optimization
and validation purposes. Further requirements refer to low cost, easy operating, low
weight, automatic as well as hand-held operating possibility, sufficiently high image
resolution and quality of the GPS and IMU instruments.

3.1.1 First platform prototype
The first platform prototype was realized by a high resolution digital camera (12 mega
pixels), which was further connected to a L1/L2 GPS phase receiver and operated from
boardof a helicopter (Raggam et al. 2006).A related data acquisition experimentwasmade
in the context of landslide mapping after a period of intensive rainfall at the end of August
2005. The procedures and results are briefly summarized for demonstration purposes in
Section 4. This first prototypewas not equippedwith an IMU (inertial measuring unit), and
hence an acceptable geo-location accuracy can only be achieved by means of GCPs and
photogrammetric adjustment procedures applied to the image orientation parameters.

3.1.2 Current platform conception
As a consequence, the platform setup was extended by a low cost IMU, which was
mounted on the camera, thus providing approximate values of the camera’s exterior
orientation (see Table 1). The IMU accuracy values as given by the manufacturer are
supposed to assure pointing accuracies of about 1 percent of the flying height above
ground.Moreover, the capacity of the 12mega pixels camerawas considered to be low for

Table 1. Airborne data acquisition platform concepts.

First prototype Current conception Future conception

Camera system consumer camera high end consumer camera high end consumer camera
Camera resolution 12 Mp 39 Mp 39 Mp
GPS system L1/L2 Phase receiver L1/L1 phase receiver L1/L2 phase receiver + EGNOS
IMU system – Xsens Novatel
IMU accuracy – low �0.5�/1.0� high �0.015�/0.03�

Stabilization – – yes
Image processing post processing post processing near real time
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larger area coverage at higher pixel resolution. Therefore the camera was replaced by a
Hasselblad H2D with 39 mega pixel. This setup is shown in Figure 2.

3.1.3 Future platform conception
In a future conception, the GPS equipment of the aerial data acquisition platform shall be
further improved, and the platform shall be equipped with a higher accuracy IMU. This
shall assure a pointing accuracy in the range of 1 to 2 decimetres for flying heights of
about 500 meters above ground, and near real time data processing at a highly acceptable
accuracy level shall definitely become feasible.

3.2 Data processing

As for data acquisition and data processing, the following processing scenarios and
throughput goals are envisaged:

1. Rapid mapping (near real time): Ortho-rectification (2Dmapping) relying on exterior
orientation as provided via the GPS and IMU recordings to get rapidly geo-referenced
image data, providing an overview on hazard events in order to launch e.g. first rescue
and relief operations. The required accuracy is low and in the order of a few meters.
The image data can be processed sequentially (ortho-rectified, mosaiced) as acquired,
and should be made available within a few seconds.

2. Enhanced mapping: Intrinsic optimization of image data set through utilization of
(automatically detected and measured) tie-points. These are used to refine relative
orientation of images in order to make them consistent in a relative sense, although
absolute geo-positioning accuracy may still be low in an order as mentioned above.
Optimization of relative orientation is possible only after all images (all sets of tie-
points) are available, and processed products are supposed to become available in a
time frame of several minutes up to a few hours.

3. Precision mapping: Optimization of exterior orientation using ground control points
(GCPs). These may be acquired either automatically, e.g. from GCP chip matching
(Raggam et al. 2003), or interactively, typically via GPS – measurements in the field.
Product availability then may be assured only within a few hours up to a few days.

Figure 2. Hardware components of the current airborne data acquisition platform, as operated

from board of a helicopter (left), comprising a Hasselblad camera, an IMU attached to it, and GPS

receiver.
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3.3 ASSIST service node

TheASN is the central server node and comprises the Product Archive, theOGCServices
and the Scenario Database with its services. The Product Archive is used to integrate
external data (products) into the ASN. It consists of the Product Meta Data Database, the
Storage Area for the product files, the provider specific drop boxes and the Product
IngestionDaemon. Data providers put new products via FTP or web service into the ASN
drop-box. The ingestion daemon automatically imports the products into the product
archive. A product consists of product files and product meta-information. The data
model for the meta-information is defined by an XML scheme. The ingestion daemon
validates the product meta-information against the scheme.
A web-application is residing on top of the Product Archive, and implements OGC

services like CSW, WFS, WMS, WCS. These are used to connect external OGC
services as well as for the visualization on the AMN. The scenario database stores
the scenario configuration like the kind of scenario, the scenario region, the products
used for the scenario and the AEDs that are allowed within this scenario. In addition
it stores all historical information from a scenario run. The scenario services are
used within a scenario run, mainly to monitor and control a scenario run, e.g. the
real-time service for exchanging data with the Mobile End Devices. The ASN also
includes a communication service which is used to exchange data with the AED.
Thereby an external server called FOS is used. It acts like a gateway to handle the link
between the ASN and an AED because this is not realized as a direct communication
channel.

3.4 ASSIST mobile node

The AMN is indented to be a decision support and mission control tool and enables to
visualize, merge and analyze existing data to support the different mobile application
use cases. This application is built as a slim client using AJAX and PHP-Mapscript
(based on the functionalities of the UMNMapserver) to provide an interactive interface
for the user (see Figure 6 – left). The implemented functionality covers the visualization
of existing data (thematic maps, aerial images, etc.) as well as online tracking of the
field staff, using a powerful but still easy to handle user interface. A structured and
categorized menu allows efficient access to related themes and information. Features
like storing and switching between favourite views enable an effective management in
huge areas. Furthermore, inserting new geo-oriented data with additional information
and distributing it by the server assures permanent up to date information (Granica et al.
2003). In addition, the client includes a communication module which allows the
distribution of selected geo-oriented objects and the coordination of the field staff
as well as presenting gathered up-to-date information from the mobile units. The
AMN is an online client that communicates with the server (ASN) via HTTP over an
existing TCP/IP connection. This allows multiple working groups to use the AMN
simultaneously, using the same available data, which supports the coordination of
various activities within a concrete crises situation as well as other phases of the crisis
management circle.
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3.5 ASSIST End Device

The AED is a Windows Mobile based solution to support the field staff. It consists of a
PDA combined with a multi channel communication box (MCB), which allows to link to
the ASN in different ways like WiFi, GSM or a direct satellite connection. The AED is
built to support the field workers, providing comprehensive information about the area,
the current state of critical objects and a linkage to the management centre to allow a
better coordination of different groups and provide vital information for a decision
making process. The functionalities include an online and buffered position tracking,
visualization of point-, vector- and raster data as well as additional information to the
available objects. Furthermore it allows acquiring new vector data and sending it to the
centralized server for further usage.

4 SYSTEM DEMONSTRATION

In the summer of 2005, several Austrian areas were affected by intensive rainfall and
subsequent damage. For a severely affected area (see Figure 3), a landslide mapping
experiment was launched. During a helicopter overflight, more than 200 images were
captured using the first prototype of the aerial data acquisition platform. Images were
taken from a height of 400m above ground at a pixel size of about 15 cm and with an
overlap around 70%. Figure 4 shows a close-up of one image, covering areas affected by

Figure 3. Hazard events in summer 2005.

Figure 4. Close-up of acquired image, showing areas affected by landslides.
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landslides.Concerning geometric post-processing of the image data the subjects of ortho-
rectification, data mosaicing and surface mapping were investigated. The latter aspect is
illustrated by Figure 5 showing profiles drawn over a mudslide area before (left top) and
after (right top) the event. The profiles indicate a decline of the terrain by 1 to 3m, thereby
giving an idea on the amount of mass movements. A more detailed description of the
procedures and results achieved for this mapping experiment is given in Raggam et al.
(2006).
A superposition of analyzed profile and ortho-image was integrated into the ASN

as a new product. Subsequently, the scenario configuration tool enabled to add this
information for further usage in the related scenario. From there on, it is available on the
mobile node. Figure 6 shows theAMNaswell as theAED, both displaying a result of the
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Figure 5. Ground model profile before (left top) and surface model profile after (right top) event.

Left bottom: Surface model (gray value coded); Right bottom: ortho image.

Figure 6. AMN (left) andAED (PDA application, right), displaying a result of the data processing.

Rapid information flow within a crisis management system 461



data processing chain. The user of the application has now the possibility to get
additional data for the shown objects and can also send it to one or more specific teams
out in the field. This allows the field staff to get up-to-date information about the defined
area and access to all new data. The communication module allows the field staff to
exchange acquired data with the ASN as well as with other AEDs. This fulfils the
demand for extensive but still structured information and interaction of the involved
parties.

5 CONCLUSION & OUTLOOK

In this paper we have described the concept for remote sensing image data generation on
demand and a rapid information flow within a crisis management system including the
steps of data processing, data management and distribution as well as data accessibility
for first responder teams using mobile solutions. The related developments will enable a
rapid information flow under consideration of selective EO data generation regarding the
requirements of the different phases of a disaster situation. The overall crisismanagement
system allows the assistance of amobile command centre and also the support of security
field teams in terms of communication, navigation and spatial data visualizing. The
modular concept of the management system enables a user and scenario driven
customization of the mobile command centre as well as the mobile applications. The
detailed definition of the scenario profiles for the different disaster situations will be
elaborated within the last period of the ASSIST project.
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