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• Ensuring efficient response and relief with a caring approach towards the needs of the vulnerable 
sections of the society. 

• Undertaking reconstruction as an opportunity to build disaster resilient structures and habitat. 
• Undertaking recovery to bring back the community to a better and safer level than the pre-disaster 
stage. 
The above mentioned objectives normally require a complete information system which can be utilized by 
using satellite image processing. The main approaches to follow for using these data are: 

• Immediate information for rescue and relief plan during disaster 
• Information database and detail processing for disaster preparedness for future disasters 
Besides the above approaches the type of disaster may also dictate the type of processing and interpretation 
technique of images. Based on the two discussions in section 2 and section 3 of the paper, the appropriate 
methods can be described in the next section . 2) 

4. PROCEDURE 

(1) Disaster change detection by remote sensing 
A method is described here to utilize remotely sensed pre-and post-disaster imagery data in order to detect 
the change specifically associated with structural and major regional damage caused by natural disasters such as 
a strong earthquake. Figure 1 shows the flow of disaster change detection. The input is a pair of co registered 
remotely sensed images of the same scene acquired at different times and the output is a binary image in which 
'changed'pixels are separated from'not-changed'ones. A method of principal component analysis (PCA) is 
employed. The approach produced promising results on the model images and currently under further study to be 
extended for near real-time damage assessment purposes. This method advances structural change detection by 
enhancing and uniquely tailoring some of the existing methods for seismic hazard mitigation purposes. 
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Figure 1 Employing Remote Sensing Imagery Data for Disaster Management 3l 

In order to focus on the image processing techniques and provide a practical framework for the present 
methodology, it is required to make a few assumptions. The most important assumption is that the input images 
are co-registered, namely certain key points that represent the pattern are at the same location (same pixel) in 
both pre-and post-disaster image pairs, without any relative displacement. 
The approach includes three major steps; 1) Depending on the local variance of each neighborhood in the 
image and the intensity value of the pixels in that neighborhood, intensity values are weighted. 2) This value can 
be used to compute conditional probability for appropriateness of a class ("change" or "not-changed") to explain 
the classification of a pixel. 3) Using Bayesian statistics and initiating the values of conditional probability, the 
posteria probability of "change" or "not change" is computed for pixel to belong to a certain class in an iterative 
fashion. Figure 2 shows the pre-disaster image, post-disaster image and the result of their correlation. 
In order to interpret the output, it can be virtually overlaid on a set of spatio-temporal database such as GIS. 
The detection procedure becomes semi-automatic but reliable algorithms can be developed so that human 
assistance is optimally minimized and eventually it can be improved towards a fully automatic procedure that is 
the ultimate goal of this studyり
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Figure 2 a) Pre-disaster image created from the original image, b) Post-disaster image; courtesy of Asia 
Kosoku Co., c) Result of correlation analysis 3) 

(2) Collaboration with GIS 
It is possible to use advanced GIS for loss estimation and rapid post-earthquake assessment of building 
damage by the following objectives of the research: 
1) Develop regressions between building damage and various seismic parameters to improve loss estimation 
2) Identify the most reliable seismic parameter for estimating building losses 
3) Develop GIS-based pattern recognition algorithms for the identification oflocations with the most intense 
post-earthquake building damage. 
This collaboration has resulted in the development of regressions between building damage and various 
seismic parameters, as well as the application of GIS-based recognition algorithms with the potential for 
screening remote sensing data to identify areas of highest post-earthquake damage intensity. With GIS, the 
spatial distribution of damage can be analyzed by dividing any map into squares, or cells, each of which is n by n 
in plan. As explained by O'Rourke et al. (1999), the hyperbolic relationship can be used for damage pattern rec-
ognition, and for computer "zooming" from the largest to smallest scales to identify zones of concentrated 
disruption. 
The visualization algorithm allows personnel who are not specifically knowledgeable about structures or 
trained in pattern recognition to identify the locations of most severe damage for allocation of aid and emergency 
services. The entire process is easy to computerize, and personnel would be able to outline any part of a map 
with a "mouse" and click on the area so defined. In each instance of defining a smaller area for evaluation, the 
average damage ratio (DR) is recalculated for the new, smaller-sized map. In this way, the average is calibrated 
to each new map area. 
When the damage pattern recognition algorithms are combined with regional data rapidly acquired by ad-
vanced remote sensing technologies, the potential exists for accelerated management of data and quick de-
ployment of life and property savmg services . 4) 

(3) Area discrimination by remote sensing 
Another approach is to define the objectives as: 

• Using a combination of remote sensing technologies, discriminate with a high degree of confidence the 
difference between the built and natural environment. 

• With a moderate level of reliability, quantify the important structural and economic parameters 
associated with large-scale urban and suburban developments (building heights, floor areas, 
replacement values, material or structural types, and usage). 

It is possible using a variety of different sensors (SPOT High-Resolution Visible multi-spectral data, SPOT 
panchromatic imagery, Landsat-TM, and U.S. Geological Survey aerial photographs) to classify the land cover 
of an area. Each sensor offers a range of visible and in some cases, infrared bands that characterize the chemical 
composition of the earth's materials and vegetation. 
Figure 3 shows two images. The first image, Figure 3a, is an aerial photograph of a residential area in the city 
of Santa Monica, California. The second image, Figure 3b, is a map derived from the aerial data using a 
classification scheme contained within the Environment for Visualizing Images (ENVI) 6), an imaging processing 
software, that distinguishes roof~es from other objects, e.g., roads, bushes, trees, etc. It is clear from the 
comparison that large trees are easily recognized, roadways can be distinguished from yards and improved 



― 119 ―

properties, and that the outlines of buildings are reasonably clear. The significant advantage of Figure 3b is that 
the information used to derive the image can be translated into vector data that are usable in GIS systems. In fact, 
the percentage of area covered by building footprints can be quantified relatively easily using GIS technology. 
The extraction of building footprints can be complicated by a number of factors. For example, nearby trees 
often obscure the outline of a building by covering part of the roof. Symmetrically shaped areas, such as yards 
or asphalt areas that often look like the tops of buildings may also complicate the classification of build~ng 
footprints. Therefore, to outline building footprints using only visual information may not be the most effective 
approach, particularly if large areas are to be evaluated and checked. However, as a first approximation of 
footprint area, these data are judged to be adequate 5l_ 

a. Aerial Photo b. Classification by Spectral Properties 

Figure 3 Aerial photograph of a residential area in the city of Santa Monica, California and its classification by 
Spectral properties 

The aerial photographs are useful data in classifying the footprints of short buildings. Since aerial photos are 

collected at a relatively low elevation, tall buildings which are not directly under the flight path appear to lean in 

these photos. Automatically extracting the footprints of tall buildings using aerial data leads to a horizontal dis-

placement corresponding to the visible portion of the side of the building. Because satellite data collected from a 

higher elevation, displacement of the building footprint due to perspective is very slight. In the future, this may 

not be a problem with the high-resolution satellite data that will be available5>. 
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Figure 4 Flowchart Summarizing the Sequence of Methodological Procedure Involved in Damage Detection 
using Optical SPOT and ERS SAR Imagery7l 
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Figure 4 introduces the methodological approach that forms the basis of this research. The flowchart 
indicates that damage arising from a disaster is detected in the form of'changes'between a temporal sequence of 
images acquired'before'and'after'the event. This comparative analysis is facilitated by pre-processing the 
imagery, which also minimizes the occurrence of false positives. 
Following the earthquake event, surface reflectance on the SPOT coverage increases within the urban center, 
where numerous buildings collapsed. The preliininary SPOT and ERS change detection algorithms successfully 
distinguish between spatial variations in the extent of catastrophic building damage observed in Golcuk. As 
shown in figure 5, for the SPOT panchromatic data, simple subtraction and correlation profiles vary with 
observed damage. While SAR correlation indices also distinguished trends in the density of collapsed buildings, 
the subtraction profile was instead dominated by a large radiometric offset between the'before'and'after' 
scenes . 
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Figure 5 Panchromatic SPOT4 Coverage ofGolcuk, Showing (a)'Before'Image; (b)'After'Image 
(c) Difference Values; (d) Sliding Window Correlation 7) 

5. CONCLUSION 

This study addressed the problem of change detection for the purpose of natural hazard mitigation in general 
and demonstrated the feasibility of employing remotely sensed images for this purpose. Due to the limited access 
to actual registered imagery data, scaled structural models are constructed and their images are used for 
experiments. Some of the major technical challenges involved in the problem of structural change/damage were 
also identified and successfully dealt with. 
In this paper, the assmnption of employing registered images is made which in practice might be difficult to 
achieve. Employing ground control points (GCP) and an imaging processing software like ENVI with GIS 
technique should be helpful for improving registration accuracy. 
The authors believe that processing time has a lower priority compared to the precision of the results as long 
as the near real-time nature of the algorithm is maintained. Algorithms developed for pipelines have been 
modified and validated to choose optimal GIS mesh dimensions and contour intervals for visualizing post-
disaster damage patterns. Statistically significant regressions have been developed at any damage state. Such 
work improves loss estimation significantly and also creates advanced technology to visualize post-disaster 
damage patterns for rapid decision support and deployment of emergency services. 
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