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Facilittating Response Phase of Disaster
Management by Automatic Extraction of
Building Based on Texture Analysis Using High

Resolution Satellite Images

Hamid Reza Ranjbar', Ali Reza Azmoude Ardalan?, Hamid Dehghani®, Mohamad Reza Serajeyan*, Ali
Alidousti’

Abstract

Receiving rapid, accurate and comprehensive knowledge about the conditions of damaged buildings after
earthquake strike and other natural hazards is the basis of many related activities such as rescue, relief and recon-
struction. Fewer Restrictions by using high-resolution Images compared to terrestrial techniques turned it into the
main source for damage assessment during these days. The present research aims at providing a damaged maps
in a short time after the earthquake by using post-event high-resolution satellite Imagery. In this research, for all
buildings, textural features for any candidate buildings, one by one, are extracted. Before extracting the features,
optimum feature selection is done by genetic algorithm (GA). After selecting optimum textural features, buildings
situation regarding to their destruction is evaluated using these features in two ‘intact’ and ‘Damaged’ classes by
using the Maximum Likelihood and the Neural Network Algorithms. Finally, polygons of buildings classified in
three different classes named ‘Under 30%’, ‘Between 30% and 70%’ and ‘upper 70%’ based on the number of
damaged pixels. The overall accuracy of classification evaluated about 81/04% by using an expert operator.

Keywords: High Spatial Resolution Satellite Imagery, Damaged map, Textural Analysis, Genetic Algorithm
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. Natural Disasters

. Synthetic Aperture Radar

. Light Detection and Ranging

. Digital Elevation Model (DEM)

. Stereoscopic Measurement

. Very High Geometrical Resolution (VHR) Images
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9. Pan Sharpening

10. Ortho Rectification

11. Histogram Equalization

12. Pan-Sharpened

13. Sliver

14. Node

15. Computer Vision

16. Spectral Texture Structural

17. Mean

18. Variance

19. Co-Occurrence Matrix

20. Entropy

~N O R W~

PV Y sbag) 5l (oS Loyd oS Wad e i ) g4
A5l sl a4,

BB doy 4 s o lis ¥ 4, (soaSudys cdo
S Ay (updd ¥ sdd) & sl clagleasle g2
odaline cdmad) slasd b lexslu 3l oolaxi o Jg cilonss
Sloylgnle poat 45 ued o lis diue (ol 457 30,5 o
3 4y s oila 3l ol S8 (sl sy el
B A (g3 e (sl JuS 88 Hlas )

A Cuwl doyd £ 09dn 0 a5 (¥ (gAl) (goduSudyr cdd
Soolaiwl b poh 50 4y ol 3l dusyo £+ ladd oS cuwl -l (slixe
ol ¥ 5) (gloasy ) ety § ol pareits LB o, I
2ledl 229 i |y yal ool BY2 51 (o - wiloss (saas)
Lo iulo Llod 51 48 cansls by oy lod s i jo Jg8 aisle
b g LS o i (glovceanndd 8000 51 cgliste |y (ylaid Loy Caiian 3|
e oo ad dloul cuels

opd asd |y ol odlatwl x50 (sloodly &S ! xaS
Sdihio | oy clualine 3l eolbiwl . cunl 03,8 Cuning s
Blgie cqzye soodls aliiods ol 5l g oo
g ol 50 by WS i |y ampe slaools (gpdislessl
@S & OlySor g A dalys Bl eslol jasis gl
9l 9 3,8 L6yt dloiel ouel Cawd a4 slacds 5 Juols
28 salys plol el K 4055 0

(S aces

o 0Py e gilwodln 9 Sl & cond 385 ol )
o0lil b eyl 51 (b ssd el (slaploisiles )55 s
Solone )3 000)8 pladl b S5 @) uB L (sloplgale yoguas 5|
loodld 35y puytnd pd &y a5 b 5855 ol 5o (golpidig
3w lojlsale sas )0 glaxslo Joe pBige )l
B3 (2ylse 3929 Gl 5l 5 00 et (uilin B3 L Ay
o dol Joo & (685l laploxsles & bgsye ey )
@8 alS g S 090 bly 9 e Ll o &
L ool b S cpu b yglas ) b SSis
odel Cawd o golts L del Jos 4 ool Lab @ledbl ,lS s
o A 53 isSl ol oS o e ol 3o ol
el 1S s o] 5 ol sl o

0392 paseion (3t Sl Caie (optes
oW dlox 5l g conl pgas gg) p Oledlo o cusdse
5 oleslo il 5 b wledbl j) sl BT o
o 2 (Bb slaSiog Rl & arg b ol dff
iy Ay 51 (AL gorbo5s slaplasle cuxog
528 s (HBL slaSliog plu S Sliios ;0 905
e G Sliog 5 ablisas plSeply (2Bl plSls
Sidpogi oy 9358 )8 (2bi)l 950 58 (50555 Jad
At slaSinogs Gl Gl (S pis8l o Coue
bl Jolis ) (g2 sloSiogs



Kumar, T. S., Nayak, S. (2011). Assessment and
management of coastal multi-hazard vulnerability
along the Cuddalore-Villupuram, east coast of
India using geospatial techniques. Ocean & Coastal
Management, 54(4), 302-311.

10. San, D. K., & Turker, M. (2010). Building
extraction from high resolution satellite images
using Hough transform. International Archives of
the Photogrammetry, Remote Sensing and Spatial
Information Science, 38(Part 8).

11. Baltsavias, E. P. (2004). Object extraction and
revision by image analysis using existing geodata
and knowledge: current status and steps towards
operational systems. ISPRS Journal of Photogrammetry
and Remote Sensing, 58(3),129-151.

12. Brenner, C. (2005). Building reconstruction from
images and laser scanning. International Journal of
Applied Earth Observation and Geoinformation, 6(3),
187-198.

13.Mayer,H.(1999). Automaticobjectextractionfromaerial
imagery-a survey focusing on buildings. Computer

vision and image understanding, 74(2), 138-149.
14. Sowmya, A., Trinder, J. (2000). Modelling and

representation issues in automated feature extraction
from aerial and satellite images. ISPRS journal of
photogrammetry and remote sensing, 55(1), 34-47.

15. Volpi, M., Tuia, D., Bovolo, F., Kanevski, M., Bruzzone,
L. (2013). Supervised change detection in VHR
images using contextual information and support
vector machines. International Journal of Applied
Earth Observation and Geoinformation, 20, 77-85.

16. SUMER, E. (2004). Earthquake damage detection
using watershed segmentation and intensity-gradient
orientation approaches. Doctoral dissertation, Middle

east Technical university.

17. Yanamura, Y., Saji, H. (2003, December). Automatic
registration of aerial image and digital map for
detection of earthquake damaged areas. In Digital

Computing: Techniques and Applications:

Proceedings of the VIIth Biennial Australian Pattern

Recognition Society Conference, DICTA 2003 (p. 7).

CSIRO PUBLISHING.

Image

18. Saito, K., Spence, R. J., Going, C., Markus, M.
(2004). Using high-resolution satellite images for
post-earthquake assessment:

a study following the 26 January 2001 Gujarat

earthquake. Earthquake Spectra, 20(1), 145-169.

building  damage

19. Moghaddam, M.K., Samadzadegan, F., Zoj, M.V.
(2007). Rapid Damage mapping for post-earthquake

21. Contrast

22. Homogenity

23. Second Moment

24. Dissimilarity

25. Correlation

26. Fractal

27. Wavelet

28. Variogram

29. Co-Occurence Gray Level Matrices
30. Roughness

31. Sub Sampling

32. Geostatistical Texture Operators
33. Simple Variogram

34. Madogram

35. Radogram

36. Cross Variogram

37. Pseudo Cross Variogram

38. Initial Population

39. Fitness Function

40. Cross over

41. Mutation

42. Elitism

43. Maximum Likelihood

44. Back Propagation Nueral Network
45. Producer’s Accuracy

46. User’s Accuracy

3 iliae cpand L (VYAY) Dy B0l deus £y ¢ g (wly )

b sloylsale yuglas 3l oslizl b olagloxale o aljly 51 b

0P ¥ sojled Hhpdidi gpid 5 pale Al eSS )38
RELY

2. Ozisik, D. (2004). Post-earthquake Damage Assessment
Using Satellite and Aerial Video Imagery, M.Sc
'Thesis in Urban Planning and Earth Administration,
ITC, Netherlands.

3.Goss, K. C. (Ed.). (1998). Guide for all-hazard emergency
operations planning. DIANE Publishing.

4.Goss, K. C.(Ed.). (1998). Guide for all-hazard emergency
operations planning. DIANE Publishing.

5. Pelling, M. & et al. (2004). Reducing disaster risk: a
challenge for development.

6. Schweier, C., Markus, M., Steinle, E. (2004).
Simulation of earthquake caused building damages
for the of fast
techniques. Natural Hazards and Earth System
Science, 4(2), 285-293.

development reconnaissance

7. Gamba, P, Casciati, F. (1998). GIS and image
understanding for near-real-time earthquake damage
assessment. Photogrammetric engineering and remote

sensing, 64, 987-994.
8. Dash, J., Steinle, E., Singh, R. P, Bihr, H. P. (2004).

Automatic building extraction from laser scanning
data: an input tool for disaster management. Advances
in space research, 33(3), 317-322.

9. Mahendra, R. S., Mohanty, P. C., Bisoyi, H,,

3
kL
LS
[e)
:Zj:
1
)

4
3
]
e}
3
ES
j.
-
s |
=Y
o
3
;i
EN
3
4
)




q
5
3
LY
D
:3:
1
%

)
N
]

e}
K]

%
_3.
2
=)
=
i}
X\

X
3
Ik
™

32.Yang, ]., & Honavar, V. (1998). Feature subset selection
using a genetic algorithm. In Feature extraction,
construction and selection (pp. 117-136). Springer
US.

33. Siedlecki, W., & Sklansky, J. (1989). A note on genetic
algorithms for large-scale feature selection. Pattern
recognition letters, 10(5), 335-347.

34. Zhang, ], Chung, H. H., & Lo, W. L. (2007).
Clustering-based adaptive crossover and mutation
probabilities for genetic algorithms. Evolutionary
Computation, IEEE Transactions on, 11(3), 326-335.

35. Haala, N, Brenner, C. (1999). Extraction of buildings
and trees in urban environments. ISPRS Journal of

Photogrammetry and Remote Sensing, 54(2),130-137.

36. Jensen, J. R. (1996).Introductory digital image
processing: a remote sensing perspective (No. Ed. 2).
Prentice-Hall Inc..

37. Schwarz, J., Raschke, M., Maiwald, H. (2006).
Comparative seismic risk studies for German
earthquake regions on the basis of the European
macroseismic scale EMS-98. Natural hazards, 38(1-
2),259-282.

building damage assessment. European Geosciences

Union, 10(1), 100-107.
20. Guler, M. A., Turker, M. (2004). Detection of the

earthquake damaged buildings from post-event aerial
photographs using perceptual grouping. International
Archives of Photogrammetry, Remote Sensing and
Spatial Information Sciences, 35, B3.

21. Razzaghi, M. S., Ghafory-Ashtiany, M. (2012). A
Preliminary reconnaissance report on August 11th
2012, Varzaghan-Ahar twin earthquakes in NW of
Iran. Report of International Association of Seismology
and Physics of the Earth’s Interior.

22. Fraser, C. S., Ravanbakhsh, M. (2009). Georeferencing
accuracy of GeoEye-1 imagery. Photogrammetric

engineering and remote sensing, 75(6), 634-638.
23.Samadzadegan, F.,Azizi,A.,Hahn,M., Lucas,C.(2005).

Automatic 3D object recognition and reconstruction
based on neuro-fuzzy modelling. ISPRS journal of
photogrammetry and remote sensing, 59(5), 255-277.

24. Liu, J. H., Shan, X.J., & Yin, J. Y. (2004). Automatic
recognition of damaged town buildings caused
by earthquake using remote sensing information:
Taking the 2001 Bhuj, India, earthquake and the
1976 Tangshan, China, earthquake as examples. Acza
Seismologica Sinica, 17(6), 686-696.

25. Mitomi, H., Matsuoka, M., Yamazaki, F. (2002,
July). Application of automated damage detection
of buildings due to earthquakes by panchromatic
television images. In The 7th US national conference on

earthquake engineering.

26. Chen, C. H., Pau, L. F,, Wang, P. S. P. (Eds.).
(2010). Handbook of pattern recognition and computer

vision. Imperial College Press.

27. Samadzadegan, F., Zoj, M. J. V., Moghaddam, M.
K. Fusion of GIS data and high resolution satellite

imagery for post-earthquake damage assessment.

28. Mandelbrot, B. B., Passoja, D. E., Paullay, A. J. (1984).
Fractal character of fracture surfaces of metals.

29. Jahne, B. (2000). Computer vision and applications.

30. Myint, S. W,, Lam, N. S. N, Tyler, J. M.
(2004). Wavelets for Urban
Discrimination. Photogrammetric
Remote Sensing,70(7), 803-812.

Spatial Feature

Engineering &

31. Chica-Olmo, M., Abarca-Hernandez, F. (2004).
Variogram derived image texture for classifying
remotely sensed images. In Remote Sensing Image
Analysis: Including the Spatial Domain (pp. 93-111),
Springer Netherlands.



