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ABSTRACT

image when they are collapsed but not when they

In this paper, the feasibility of building seismic

are just tilted or cracked. The employment of

damage assessment using oblique images is

oblique photogrammetric technology can solve this

discussed. Firstly, some geometric features of

problem to a certain extent. Some applications of

buildings are selected and analyzed according to the

oblique images have been proposed. For example,

universal geometric characteristics of most buildings.

walls can be extracted from oblique images and the

Secondly, the parameters of each geometric features

building outlines can also be verified using oblique

are calculated by the method of photogrammetry.

images [7-9]. Several methods of assessment on

Finally, the results of parameters calculation are

building seismic damage based on oblique images

analyzed and discussed. The results show that more

have also been proposed. Most of these methods are

information of building can be obtained from

based on oblique image classification and point

oblique airborne images than from vertical images.

clouds calculated by photogrammetry [10, 11].

Furthermore, these information can reflect the

Oblique photogrammetric technology is a new

conditions of buildings correctly and effectively in

developed high-tech in international surveying and

three dimensional (3D) space. The conclusion is

mapping field [12]. Generally speaking, it can obtain

drawn that it is feasible and potential to conduct

images from its five sensors oriented at different

building seismic damage assessment based on

directions (one vertical direction and four tilted

oblique airborne images.

directions) at the same time [12]. Compared with

Index Terms - Oblique airborne images, Three

vertical images, oblique images have the following

dimension features, Building damage assessment

advantages: (1) More detail information (top and

1． INTRODUCTION

side information) of building can be achieved from

Currently, many methods of assessment on building

the oblique images due to the multiple viewpoints

seismic damage have been proposed. For example,

and perspectives of the sensors [9]; (2) The oblique

seriously collapsed buildings can be extracted from

images are characterized by high spatial resolution

remote sensing images based on spectral features

and relatively large field of view angle [13, 14].

[1-3]; SAR images have also been used to extract

Feasibility

of

using

geometric

information

damaged buildings [4,5]; DSM obtained from digital

obtained by oblique photogrammetric technology to

aerial images is another kind of data to assess

assess building seismic damage is discussed in this

building seismic damage based on elevation change

paper. For a certain building, the first step to assess

[6]. These approaches have one problem that the

whether

damaged building can only be detected in vertical

photogrammetric technology is to preliminarily

978-1-4799-1114-1/13/$31.00 ©2013 IEEE

208

it

was

damaged

by

oblique

IGARSS 2013

select images in which the phenomenon of mutual

photographic flying height is about 850 m.

occlusion is relatively mild; Secondly, several

2.2. Methods

proper geometric constraints, such as length, width,

2.2.1. Damage assessment rules

height, angle and direction should be selected and

Points, lines, polygons (mainly refer to rectangles),

determined to create the assessment rules; The third,

planes, etc. are all geometric features on the outer

is to calculate the selected geometric parameters of

surface of building. These features meet certain

target building in these images; Finally, damage

geometric constraints when the building is not

situation can be assessed based on the parameters

damaged, but some or all of them may change when

and the rules proposed above. The validity of

the building is damaged，as is shown in Tab. 1 and

damage assessment results relies on the rationality

Fig. 1.

of damage assessment rules directly, the reliability

2.2.2. Parameters calculation

of damage assessment rules has been tested based on

The 3D coordinates of the feature points were

not damaged buildings in this paper.

calculated using two types of unknowns alternating

2． DATA AND METHODS

iterative method in this study. The absolute accuracy

2.1. Data

of 3D coordinates was not high enough due to the

Images used in this study are captured by SWDC-5

errors in exterior orientation and the lack of control

which is composed of 5 Hasselblad H3D cameras,

points, but this did not affect the subsequent

one of them is vertically oriented and others are

calculation,

because

the

damage

assessment

tilted with an angle of 45°. There are also a

parameters

express

the

relative

positional

navigation and positioning system (composed of

relationship of those feature points. After the

IMU and GPS) installed on cameras, so the angle of

calculation of 3D coordinates of the feature points

tilt and the exterior orientation of images can be

was completed, various parameters of other features

obtained when the camera is imaging[15]. The

could be calculated from the 3D coordinates so as to

resolution of images is close to 10 cm when the

analyze and assess damage.

Tab. 1.

Principle of feature selecting and rules of assessment

Geometrical

Principles of visual

Characterizations of not damaged

Rules of assessment on

features

selecting

buildings

damage building

Points located in the same

Differences(δ) between calculated values of

elevation

point elevation:   e1

Lines parallel or

The angle (α ) between direction vector of

perpendicular to the ground

line and normal vector of the

（other lines）

ground:  =90°or 0°

Polygons with geometrical

Opposite sides of rectangle: l1  l2

constraints

corners:   90 °

Point

Line

Polygon(Rectangle)

Planes parallel or
Plane

perpendicular to the ground
（other planes）

The angle(  ) between normal vectors of a
wall and the ground:  =90°

  e1
  0  e2 or
  90  e2
l1  l2  e3 ,   90  e4

  90  e5

Notes: followings are reference values of various thresholds according to the data precision and
experience: e1 =0.2, e2  0.5, e3  0.2, e4  0.2, e5  2
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Fig. 1.

Geometric features on the outer surface of building

Fig .2. Study areas and calculation results; (a) feature points of ground objects in vertical image; (b) the projection of ground objects
on X-Y plane; (c) feature points of the wall in oblique image; (d) and (e) are height diagrams

meeting following rules: l1  l2  0.2,   90  0.2 .

3． EXPERIMENT AND RESULTS
Two

experiments

have

been

conducted

on

Experiment two: study area two in Fig.2(c) is a wall

undamaged building in order to test the reliability of

of the building. Two groups (Point ID: 1-8, 9-16) of

damage assessment rules in this section. Experiment

feature points which are located in the same

one: as shown in Fig.2 (a), there are a football field

elevations respectively are selected and calculated.

and a building in study area one. The coordinates of

The maximal differences between height values of

feature points on these ground objects are calculated

points at the same group is less than 0.2 m (   0.2 );

and projected to X-Y plane as is shown in Fig.2(b),

the angle (  ) between dotted line and normal vector

rectangular profiles of the ground objects are

of the ground is 90.122°(   90  0.5 ); the angle
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between normal vectors of the wall and the ground
is 91.279°(   90  2 ).

[5]

As can be seen from the results above, the various
parameters of damage assessment satisfy the various
geometric constraints of undamaged building, so the

[6]

damage assessment rules are reliable.
4． CONCLUSION AND DISCUSSION
As can be seen from the experiments, it is feasible to

[7]

assess building seismic damage by comprehensive
utilization of damage assessment rules based on
oblique

photogrammetric

technology.

This

[8]

technology is well applied in the assessment of those
buildings which are tilted and cracked but not
damaged completely. However, the feasibility of this
approach is validated from the perspective of

[9]

for Disaster Response[C]. Newport Beach，CA，USA: 125,
2004.
Yanfang Dong, Qi Li, Aixia Dou, et al. Extracting
damages caused by the 2008 Ms 8.0 Wenchuan earthquake
from SAR remote sensing data. Journal of Asian Earth
Sciences, pp. 907-914, 2011.
Yoshihisa MARUYAMA, Akira TASHIRO, Fumio
YAMAZAKI. Use of Digital Surface Model Constructed
from Digital Aerial Images to Detect Collapsed Buildings
during Earthquake. Procedia Engineering, pp. 552-558,
2011.
Jing Xiao, Markus Gerke, George Vosselman. Building
extraction from oblique airborne imagery based on robust
façade detection. ISPRS Journal of photogrammetry and
Remote Sensing, vol.68, pp. 56-68, 2012.
Adam Patrick Nyaruhuma, Markus Gerke, Gorge
Vosselman, et al. Verification of 2D building outlines
using oblique airborne images. ISPRS Journal of
photogrammetry and Remote Sensing, vol. 71, pp. 56-68,
2012.
NYARUHUMA A P, GERKE M, VOSSELMAN G.

geometry, and the side texture information is not

Evidence of walls in oblique images for automatic of

considered.

buildings.

More

experiments

on

damaged

part3/a/pdf/2 63_XXXVIII-part3A.pdf, pp.263-268, 2010.

buildings to enrich the parameters, refine the rules of

[10] GERKE M, KERLE N. Automatic structural seismic
damage assessment with airborne oblique Pictometry
imagery.ftp://ftp.ecn.purdue.edu/jshan/000000_special_iss
ue/03Gerke/Haiti_paper_PERS_revised_270411_forPDF.
pdf, 2012.
[11] M. Gerke. Supervised classification of multiple view
images in object space for seismic damage assessment[C].
Photogrammetric Image Analysis - ISPRS Conference,
Munich, Germany, pp.221-232, 2011.
[12] Wei WANG, Wenwen HUANG, Jiao ZHEN. Pictometry
Oblique Photography Technique and its Application in 3D
City Modeling. Geomatics & Spatial Information
Technology, pp. 181-183, 2011.
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[15] Qing Zhu, Guanyu Xu, Zhiqiang Du, et al. Review of
oblique
photogrammetric
technology
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2012.

damage assessment and improve the accuracy of
damage assessment are required in the future.
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