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Abstract: This paper investigates the potential of DMC microsatellite remote sensing for the identification of destroys by Tsunami. 
The objective of this paper is to distinguish the extent of damage area from DMC by joint of the other types of images like IKONOS, 
Quickbird, and then to help in the rescues, relief, rehabilitation and reconstruction of the victim district. This paper presents the 
method, the result involving maps and report of monitoring destroy due to the Tsunami. Our work focused on monitoring this disaster 
in most severely destroyed Aceh province of Indonesia. The study is based on DMC images acquired on January 7,2005 over the 
destroyed area. The first stage concerns to processing DMC image, including clouds removing, stripes eliminating, enhancement, 
geometric correction, image registration and mosaic. The second stage is to analyze the spectrum information for damaged ground 
objects and their environment background information in order to establish the classification extent indices for damage assessment, 
and then determine the interpretation keys for each loss degree in grade. The third stage is to interpret DMC image, delineate the 
boundary of all the damaged objects according to the loss extent. The final stage is to complete the mapping and statistic the extent of 
losses causing by tsunami disaster. Rapidness and macroscopic scale for the Tsunami disaster is this paper’s characteristic. 

The results of this paper show that the methodology for assessing the losses of tsunami is feasible. The final result has been 
presented to Chinese Government in order to providing reference information for rescues. Moreover, it will provide the methodology 
for the applications of coming Disaster and Environment Forecast Constellation and Chinese DMC. 
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1. Introduction  
 
Off the coast of Northern Sumatra, the fourth largest earthquake in this century occurred on December 26 in 2004. 

Subsequently, it influenced on several countries around the Indian Ocean. It caused Indonesia, Srilanka, India heavy 
damages, other southeast countries like Thiland, Burma and slight damage. It caused totally almost 300,000 people died 
in the disaster, and numerous of buildings and enormous of agricultural crops destroyed. The most heavily destroyed area 
by the tsunami is Indonesia, among them, the most severely area is located in the coast of Aech province of Indonesia 
[1~3]. 

It’s well known that loss evaluation is a foundation work for defense and reduce of disaster. It’s useful to risk 
management, insurance and benefits evaluation of preventing and mitigation for disaster. Detection of the disaster, 
identification the location and the distribution of disaster is the premise of preventing and mitigation of disaster. 
Conventional way for natural disaster assessment is investigation, but it is not efficient to quick report the losses. Now 
appear in a variety of different ways, from space-satellite to airborne remote sensing. Remote sensing can be competent 
for the measurement or acquisition of information of some property of an object or phenomenon in macroscopically. 
Imaging satellites are ideal tools for observing and recording this destruction, as they document, map, and provide 
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quantitative data on the actual physical condition of the area in a large scale quickly[4]. Now this method is becoming an 
important step in disaster evaluation, which is crucial for rescues, relief, rehabilitation and reconstruction for the victim 
countries. Up to now, there are lots of remote sensing imagery data sources can be used. Unfortunately, the archived 
image products like ERS-1, JERS-1, RADARSAT, LANDSAT-7, SPOT5, IKONOS, Quickbird cannot meat the need of 
quick response to disaster[5]. For the reason of revisit frequency, acquisitions alone for these satellite data are usually 
need to be programmed. Due to the increasing occurrence of natural disasters and emergency situations, there is a rising 
need for information from near-real-time, the wide-area and high revisit frequency earth observations for the disaster 
occurrence area.  

Thanks to the launch of one of the most new advanced generation moderate resolution sensors- microsatellites in the 
Disaster Monitoring Constellation (DMC), it is now possible to monitor any point on the globe with a minimum of a 24 
hours revisit time. This rapid response capability is being used to support aid agencies when dealing with fires, floods, 
volcanic eruptions and earthquakes. DMC is an international project proposed and led by SSTL (Surrey Satellite 
Technology Ltd), Surrey, UK, to construct a network of five affordable LEO microsatellites. The objective is to provide a 
daily global imaging capability in 3-4 spectral bands, for rapid-response disaster monitoring and mitigation. The DMC 
consortium comprises a partnership between organizations in Algeria, China, Nigeria, Turkey and the United Kingdom. 
Each organization has built (the Chinese satellite is under construction, and will add panchromatic sensor) an advanced 
yet low-cost Earth observation microsatellite to form the first ever constellation specifically designed and dedicated to 
monitoring natural and man-made disasters[6,7]. 

Our work focused on assessing the damage of tsunami disaster in Aceh province of Indonesia, which is the most 
destroyed severely, and evaluating its feasibility for supporting damage assessment utilization of high temporal 
resolution for DMC. This paper presents the methodology and the results.  

 
2. Methodology 

 
The method of this paper is schematized in figure 1. It includes the following steps. Specifically, a three-stage process 

characterizes our approach. 

Statistic analysis

Establishment of Interpretation key

Image preprocessing

Rough interpretation damage

Validation 

Identification index of damage 
Text 
map 
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report

Producing interpretation map

Loss assessment mapping and output

Fig.1 Damage assessment flow for Tsunami by DMC

 
 

1) Data resource and references collecting 
 
Under the considerations of high temporal resolution, coverage of imaging, and possible rapid response to feedback for 

the local authorities, the image data resource collected are DMC images provided by UK DMC Company. The ground 
resolution of DMC is 32 meters (in nadir), the scan width is 600 kilometers, the range for multi-spectrum bands for the 
green band is 520~620 nm, the red band the is 630~690 nm, the infrared band is 760 ~900 nm of. The obtained images 
are two scenes coverage of all Aceh province, acquired on January 7,2005 during the occurring time of the India ocean 
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tsunami. In addition, IKONOS, Quickbird images for the typical damaged areas along coast, and news report from 
Internet, map for damaged region are collected as references. 

 
2) Data Processing 
 

Data processing for tsunami damage assessment includes map and image. For the image, the presence of clouds and 
stripes influence the quality of the captured DMC optical image, these constraints the imposing of image. So some 
necessary preprocessing is needed for the images. The preprocessing includes several steps, such as clouds removing, 
stripes eliminating and enhancement. Then it should complete geometric correction with map, image registration and 
mosaic. Finally, via the processing of DMC image, the image for the interested area can be used by assessment is 
available. Figure 2 shows the image processing result for the monitoring area. 

Fig.2 DMC Image for Aech

 
3) Classification for Damage Assessment Extent Indices 

 
In order to discriminate different types of damage, and carry on the synthetic analysis the whole disaster area, it’s 

necessary to make a comparative analysis with the DMC image and IKONOS, Quickbird image for the typical destroyed 
area before tsunami and after tsunami. Firstly, the overall understanding of the damaged area should be done, and most 
important is to identify the large regions destroyed and their extent approximately. From the DMC image, it's easy to find 
that the most severely damaged area lied in the west and south seashore in Aech, the interest areas and their environment 
background. Secondly, via the analysis of typical regions, establish the interpretation key for each loss degree in grade 
according to the differences of spectral characteristics among the damaged objects, undamaged objects, and their 
surrounding objects in DMC image. Thirdly, through the synthetic analysis, to decide the classification for damage 
assessment extent index. The indices for the assessment are divided into 8 categories including erosion area in seashore, 
sunken area in seashore, completely destroyed area, severely damaged area, moderately damaged area, slightly damaged 
area, wetland and lake in seashore in damaged area, and river in damaged area. 

 
4) Damage Identification 

 
In order to complete damage identification, GrIS was used. Group-based image interpretation system for remote 

sensing application (GrIS) was developed based on application task requirements, visual interpreting procedure and 
manner, and multi-technique integration. GrIS can operate in both single-computer mode and multi-computer mode with 
client/server structure in LAN and WAN environment. Both visual and digital analysis of DMC image for the losses 
identification was used in GrIS in this work. Some damage types like settlements can be interpreted visually by following 
the index of damage classification. An automated damage area identification method was used determined by the spectral 
information of objects like damaged river, lake and wetland. But taking account into the spectral variation of a pixel and 
homogeneous feature for different object, the method only for automated damage area identification sometimes is limited. 
So, visual interpretation was taken as the supplementary method and was used to obtain the complex damage types like 
village, plant, cropland etc. Visual interpretation for the image is carried out. It was observing the different interpretation 
elements like tone, texture, shape and association. Sometime texture is an important feature used in visual interpretation, 
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texture deals with the spatial distribution of the gray levels over a portion of an image. By preliminary interpretation the 
extent of each type of damage can be extracted. Finally, the boundary information can be delineating from DMC image 
analysis in association with that obtained from press statements according to the loss extent. 

 
3. Results 

 
Damaged area can be distinguished in the DMC microsatellite image less than 2 days according above identification. 

Due to the limitation of ground truth investigation, the verification couldn’t be carried out after the preliminary 
interpretation. But the result from damage identification is directly used to mapping. The mapping result presented in 
figure 3 and the statistical analysis of various damage classes that exists in the study area showed in figure 4 and table 1 
according to the mapping result. 

Erosion area in seashore
Sunken area in seashore 
Completely destructed area 
Severely damaged area 
moderately damaged area 
Slightl y damaged area 
Wetland&lake in damage Area
River in  damage area 
No damage 

Fig.3 Tsunami Damage Assessment Mapping for Aceh 

 
Table 1 Statistics Result for Tsunami Disaster of Aceh Province in Indonesia 

No.  Disaster categories Number of 
patches 

Area 
(km2) 

Percentage of 
total damage 
area (%) 

Percentage of 
province's 
total area (%) 

1 Erosion area in seashore 162 131.8 7.4 0.23 
2 Sunken area in seashore 96 41.3 2.3 0.07 
3 Completely destroyed area 148 603.8 34.0 1.03 
4 Severely damaged area 215 360.0 20.2 0.62 
5 Moderately damaged area 126 308.5 17.3 0.53 
6 Slightly damaged area 36 27.8 1.6 0.05 
7 Wetland and lake in Seashore in 

the damaged area  
90 264.0 14.8 0.45 

8 River in damaged area 30 43.4 2.4 0.07 
total    1780.8  3.05 
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Fig.4 Statistics for Tsunami damage in Aceh 



4. Conclusions 
 
The influence damage by tsunami occurring in India Ocean is great. How to obtain information of losses quickly for 

rescue, rehabilitation and reconstruction? Satellite imagery has proven to be extremely beneficial for regions affected by 
disaster. These preliminary results obtained by this study demonstrate the importance and capabilities of DMC for 
tsunami disaster quick reporting due to its high temporal resolution, coverage of imaging, and possible rapid response to 
feedback for the local authorities. Detection the damaged area from remote sensing image, extraction the damage losses 
information by utilization DMC image is feasible. However, it can’t be avoidable to misunderstand the damaged area and 
objects, the erroneous information derived from image interpretation should be also compared with field measurement. 
So limited ground truth should be carried out after the preliminary interpretation, and then the map was corrected and 
finalized after returning from field investigation. 

In spite of lack of field measurement, the results have been provided for Chinese Government. The important thing is 
to show that the methodology for assessing the losses of tsunami is feasible, and the potentials of this approach and its 
adaptation to other disaster application are proved. Moreover, it will provide the methodology for other disasters and 
promoting the application in other fields for the coming microsatellites such as Disaster and Environment Constellation 
and Chinese DMC+4. 

 
Acknowledgement 

 
 This study was partly supported National Natural Science Foundation of China by through the project (contract No. 

40201040). The development of GrIS is partly funded by the Knowledge Innovation Program financed by Institute of 
Remote Sensing Applications, Chinese Academy of Sciences under the project number CX030003. We thank very much 
the people who participated to the DMC image processing, and the image provider from UK. 

 
 

References 
 
[1] URL: The Great Indian Ocean Tsunami of December 26, 2004, http://oceanworld.tamu.edu/resources/oceanography-

book/greatindianoceantsunami.htm, 2005. 
[2] Information on Sumatra earthquake and the Indian Ocean Tsunami, http://www1.kaiho.mlit.go.jp/sumatra/index_e.html, 2005. 
[3] The tsunami in Indian Ocean has past two month, http://www.cigem.gov.cn/type.asp?typeid=11, 2005. 
[4] Y.L.Liu, 2004, Ph.D dissertation: study on grouping interpretation technology for remote sensing images, P2. 
[5] S.Y.Yan, 2003, the theory and methodology of national spatial information infrastructure, ocean press of China, P96. 
[6] URL: General parameter overview for remote sensing satellite, available at: www.gissky.cn/blog-83.html. 
[7] URL: DMC (Disaster Monitoring Constellation): AlSAT-1, BILSAT-1, NigeriaSat-1, UK- DMC, available at:  

http://directory.eoportal.org/pres_DMCDisasterMonitoringConstellation.html. 
 

 5


