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Outline

• Problems of damage mapping with RS

• Working scenarios

• Multi-temporal SAR data analysis:

– the unsupervised approach

– the pixel-based supervised approach

– the region-based supervised approach

• The VHR imagery analysis

– the morphological approach

– the region-based supervised approach
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Activities at our laboratory

RESEARCH LINE 

 

TOPICS 

Risk & disasters 
Damage assessment 

Risk mapping 

Security 
Rapid mapping 

Population and settlement mapping 

Advanced image processing 
VHR data processing in both the spatial and spectral domains 

Scene interpretation through geometric hints 

Data Fusion 
Multi-sensor fusion 

Sensor networks 

GNSS 
Navigation data processing 

Multiple sources for intra-building navigation 

 

IUSS

Center for Research on Security
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Damage mapping with RS: problems

� Sometimes timeliness in automatic data analysis is more important than 

accuracy. To this aim, simple algorithms for fast data mining and analysis 

are welcome in applications related to disaster and, generally speaking, 

civil protection issue management.

� The use of remotely sensed imagery in such situations has been steadily 

growing in the past years: there are several available projects and web sites 

showing data and maps. On the other hand, these maps are usually no more 

than geometrically and radiometrically corrected data, with 

geographical information overlaid. 

� The problem is worsened by the fact that international organizations such 

as the International Charter on “Space and Major Disasters” are forced to 

rely on a wide range of sources.
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Working scenarios

• Multitemporal SAR + Land use map -> damage assessment at block 

scale:

– statistical analysis of the backscatter model best fitting the data in the blocks 

defined by GIS and comparison of pre-and post-event values (unsupervised 

method).

– supervised approach exploiting GIS information about city blocks (supervised 

method).

• VHR imagery and building inventory (or building cadastre maps) -> 

damage assessment at building scale:

– joint classification and segmentation of post-event VHR data compared with 

building positions/outlines.

– extraction of the urban area from a pre-event image and than classification of 

that area in damaged vs non-damaged and exploitation of GIS about buildings 

position
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First scenario (SAR): the unsupervised approach

• A first, limited accuracy damage mapping in earthquake-

stricken areas can be obtained using multi-temporal SAR data 

via a statistical characterization of the backscattered field:

– the evaluation of the best approximating statistical function for the 

SAR feature under test;

– the extraction of the statistically significant parameters for the area of 

interest, possibly using ancillary data to improve the effectiveness of 

the analysis;

– the comparison of the pre- and post-event parameters for efficient 

characterization of the changes and quick and semi-automated 

extraction of the damage assessment.
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First scenario (SAR data): the supervised approach
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The supervised approach (II)

Problems

“pixel a pixel”

approach useless in 

urban areas

Change detection on 

SAR images affected by 

“salt and pepper” noise
Methodology that can 

exploit both spatial and 

spectral characteristics



University of Pavia                                             Telecommunications and Remote Sensing Laboratory

The supervised approach (III)
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Fusion of GIS and damage maps

{ }1,.. Ks s=S

{ }1,..., Lc c=C

The set of K segmented regions obtained by means of the ancillary 

information

Class label set

The fusion of the damage map  M and the ancillary data is achieved by labelling the 

region      with       if and only ifk
c

ls

( )max ,k sl
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Where “count” is the counting operator
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Boumerdes test case (May 2003)

Available data

�Pre and post event intensity images

�Backscattering coefficient d

�Correlation coefficient r
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Damage map

High damage

Medium damage

No damage

Sea



University of Pavia                                             Telecommunications and Remote Sensing Laboratory

From pixel level to block level 
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Comparison
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The Bam (Iran) test case: no GIS
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The Bam (Iran) test case: GIS
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The Golcück (Turkey) test case

Fuzzy Artmap Network MRF approach GIS 
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Second scenario: (VHR imagery)

PRE POST
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Boumerdes VHR imagery

Pre event, April 22nd, 2002 Post event, May 23rd, 2003
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VHR imagery (II)

• The city of Bam is a particular urban environment,characterized by 

very homogeneus spectral responses. 

• In many cases, instead, there is a consistent variability in building 

spectral features: roofs have different responses and it is not easy to 

isolate a “building” class, especially by means of unsupervised 

classifiers (on the other hand is very time-consuming to specify 

manually all the possible classes)

• Typically, there is also an intrinsic confusion between roads and 

buildings that have asphalt roofs.

• The processing scheme in this case exploit the obvious difference 

between these 2 catergories: the height of the objects.

• After ISODATA classification, “shadow” and “tree” classes are 

isolated. No assumptions are made on the others. After some 

morphological operations, such as noise removal and hole filling, 

from these classes are selected all the objects which project shadows.

• All the residuals are then the soil class.
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Boumerdes

VHR Imagery (III)
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A few details
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Ica (Peru)

Ikonos, Aug. 20th, 2007
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Details
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The supervised approach

• Classification of the pre-event image

• Extraction of the urban area from the classification map

• Masking of the post event image

• Classification of the masked post event image (damaged vs 
non damaged buildings)

• Exploitation of the GIS
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Intermediate steps
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Conclusions

• In this presentation different methodologies for damage 

assessment from SAR and HR imagery have been presented.

• While the methodologies applied to SAR data have been 

already tested on other test cases, like Bam (Iran) and Golcük 

with similar results …

• … the methodology applied to VHR images of Bam, Ica and 

Boumerdes is new and needs more tests and validations.

• Anyways, fusion of remotely sensed imagery and  ancillary 

data of different kind seems to be a promising method to 

obtain a rapid damage assessment of a stricken area.


