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Investigation of Building Extraction Methodologies within the
Framework of Sensory Data

Suyoung Seo*
ABSTRACT

This paper performs investigation of the state-of-the-art approaches to building extraction in terms
of their sensory input data and methodologies. For the last decades, there have been many types of
sensory input data introduced into the mapping science and engineering field, which are con-
siderably diverse in aspects of spatial resolution and data processing. With the cutting-edge
technology in this field, accordingly, one of the key issues in GIS is to reconstruct three
-dimensional virtual models of the real world to meet the requirements occurring in spatial
applications such as urban design, disaster management, and civil works. Thus, this study
investigates the strengths and weaknesses of previous approaches to automating building extraction
with two categories — building detection and modeling and with sensor types categorized. The
findings in this study can be utilized in enhancing automation algorithms and choosing suitable
sensors, so that they can be optimized for a specific purpose.

Keywords : building extraction, sensory data, building detection, building modeling

B ege A82E /1Y dold 71E o
REFIHIL olof wet Fa /PAES BASGT A 24 Uz B #39] AARR7] o
57| g Hoke] LelEjo] 9, 150 BAL TN ARA e ZuelA ule chyst
o}, ol kel GISEoplA] olefat AREE o §FORN AMAL 33U TP FEol
PRsAA T QL ol EAMA, Adate] B BB 5 o S$Rok] B8 & oS
A0 FIhEL) ole} BRAste], B AT ABFE| U 71E ATES WA AE o
Ao} wElge] B oA YRAZ BRI F IIEE] L A
AN BAAIE Balo] net AFE GREES PHATIAL M3 ANARE A

e,

* Korean Land Spatialization Group (A% =E X H 7]|&8 AARIt

479



Suyoung Seo

skl Slold 983t BeE 4 e Aol

F8 : A& 75, AN AR, AE

1. Introduction

For the last decades, the rapid growth of sensing
and computing technology in the mapping field
has provided essential solutions in many spatial
applications such as urban planning, telecommu-
nication, transportation, disaster management, and
other spatial analysis applications. Because of the
size of spatial data and the requirement of high
fidelity, many research efforts have been made
in automation of data processing and quality control
to meet the productivity and quality standards
required in the real world.

In this context, extraction of buildings can be
considered as one of the most crucial needs to
be filled with to achieve virtual reality models
of the real world. Accordingly, rigorous studies
have been conducted to obtain building models

from varying sensory input data. In this regard,

in Korea, extraction of buildings has been studied
using recent sensing technology such as lidar in
Song et al. (2008) and BIM (Building Information
Model) in Goh et al. (2008). Although previous
studies provided solutions applicable, however,
there certainly exist technical issues to be resolved
for extracting buildings with high automation
and fidelity.

Thus, this paper investigates previous metho-

dologies of building extraction in a systematic

I HA, dw 2P

way in order to figure out trends and key achi-
evements of the approaches and to proceed further
to advanced algorithms. For clarity, approaches
to building extraction are categorized into region
detection and shape modeling. Section 2 presents
findings from the analysis of approaches to building
region detection and Section 3 those to building
model extraction. Finally, concluding remarks are
stated in Section 4.

2. Studies on Building Region Extraction

This paper divided approaches to detecting buil-
ding regions into the groups categorized by sensory
input data as single optical image feature-driven,
elevation-driven and multisensor fusion-driven
approaches. Table 1 summarizes the studies which
will be discussed in the following sections.

2.1 Building Region Extractions using Single
Optical Image

Approaches in this group extract primitive
features such as edges and homogeneous regions
based on brightness contrasts and then, represent
connectivities among edges and regions in a
graph.

Closed polygons are generated by joining pri-
mitive features with consideration of their top-
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Table 1. Studies on Building Region Extraction

Levitt (1995),

Collins et al. (1998)
Lin and Nevatia (1998)
Kim and Nevatia (1999)
Katartzis et al. (2001)

Single Optical
Image

Baltsavias et al. (1995)
Eckstein and Munkelt (1995)
Haala and Hahn (1995)
Weidner and Fostner (1995)
Berthod et al. (1995)
Bailard et al. (1998)

Brunn and Weidner (1998)
Wang (1998)

Cord and Declerq (2001)
Seo (2003)

Csatho et al. (1999)
McKeown et al. (1999)
Haala and Brenner (1999)
Tao and Yasuoka (2002)

Elevation Data

Data Fusion

ological relationship. In the approaches, lines
are aggregated into closed polygons by assem-
bling line segments which are likely to compose
parallelograms while considering the viewing geo-
metry of camera models. To evaluate the like-
lihood of line combinations, Lin and Nevatia (1998)
used certainty factors to reduce search space. Kim
and Nevatia (1999) generated closed polygons
based on neural networks, whereby Baysian net-
works were exploited to express evidences derived
from natural dependencies.

Katartzis et al. (2001) classified relationships
between features using a Markov Random Field
(MRF), whereby relationships are classified into
supporting or competing ones, describing geometric
and photometric attributes of the features. For

verification of buildings hypothesized, shadows

and walls were exploited in Lin and Nevatia
(1998). In Collins et al. (1998), through camera
models, building boundary hypotheses were pro-
jected into other images and verified with features
collected along epipolar zone.

Levitt (1995) exploited both edges and homo-
geneous regions together to find building regions
and presented a snake algorithm for verification
and refinement. Their snake algorithm takes boun-
daries of the homogeneous regions as initial out-
lines of buildings and integrates the geometry of
edges and regions into the energy function. The
results show, however, that some building regions
were missed due to low contrasts along building
outlines and lack of evidences.

To summarize, although approaches in this group
have presented rigorous perceptual organization
of primitive features, their performance, however,
has been shown to have limitations to extract
complex buildings due to the geometric capacity

of a single image.

2.2 Building Region Extractions using Elevation
Data

The approaches in this group can be subdi-
vided into the following categories: morpholo-
gical operation, comparison of neighboring heights,
edge detection, optimal configuration and contour
based methods.

In approaches using morphological operations,
non-ground objects whose size is larger than a
specific window size are suppressed by morpho-
logical opening (Baltsavias et al., 1995; Eckstein
and Munkelt, 1995; Haala and Hahn, 1995; Weidner
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and Fostner, 1995; Brunn and Weidner, 1998). Then,
building regions are obtained by subtracting the
derived surface from the original DSM (Digital
Surface Model), producing a surface model re-
ferred to as a normalized DSM. To perform the
process properly, however, a suitable window size
should be selected to detect the largest building
while preserving terrain features.

In Berthod et al. (1995) and Cord and Declerq
(2001), homogeneous regions were extracted and
classified into ground and nonground regions by
comparison of elevations of their neighboring regions.

Baltsavias et al. (1995) and Wang (1998) ex-

tracted edges and classified their shapes to dis-

tinguish building regions from other features. It
is an advantage of this type of approaches that
there is no need to set the structural element
size as compared with approaches using morpho-
logical operations.

Brunn and Weidner (1998) and Baillard et al.
(1998) extracted building regions through optimal
configuration of region classifications. Brunn and
Weidner (1998) classified regions by Bayesian
networks where elevation data and step and crease
edges were considered together. Baillard et al.
(1998) extracted building blobs by MRF optimi-
zation of ground and nonground segments.

Utilization of contours has been attempted in
Baltsavias et al. (1995) and Seo (2003). In
Baltsavias et al. (1995), discrete elevation edges
were utilized from coarse to fine levels. Seo (2003)
established contour graphs to represent hierar-
chical adjacency among contours and analyzed slopes
between neighboring contours to detect building
regions.

In general, approaches in this group have shown
good approximations of building regions with less
suffering from invalid hypotheses.

2.3 Building Region Extractions using Data
Fusion

Because of availability of input data from a
variety of sensors and their strengths, data fusion
-based approaches have been performed rigorously
as follows.

Csatho et al. (1999) presented a general strategy
to recognize buildings using multisensor data
sets that include aerial images, LIDAR data and
multispectral images. McKeown et al. (1999) pro-
posed two methods to detect building regions:
stereo-based and classification-based methods. They
utilized regions from classification of hyper-
spectral images and DSM to prune line seg-
ments which are not likely related to building
boundaries. Tt is shown that both methods could
reduce the number of false hypotheses remar-
kably.

Tao and Yasuoka (2002) exploited heuristic
knowledge about the response of object surfaces
to sensors, whereby. NDVIs (Normalized difference
Vegetation Indexes) from IKONOS images and
elevations from DSM data were analyzed together
for the knowledge-based classification. Haala and
Brenner (1999) merged DSM and multispectral
data at pixel level and performed ISODATA
classification of the merged data so that objects
could be classified into buildings, trees, and grass
-covered areas.

To summarize, fusion-based approaches to building
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detection have shown to be effective to search
for building regions and further to verify and
characterize them because of data redundancy

and compensation.

3. Studies on Building Model Extraction

In building model extraction, the procedure
needs to assemble primitive features into building
models and then can verify them in aspects of
their topology and geometry if other evidences
are available. Although rigorous research efforts
have been made to automate the procedure, how-
ever, it is not trivial due to the complexity of
building shapes and incomplete collection of pri-
mitive features. This section investigates appro-
aches to building model extraction in terms of
data type of input data and involvement of
human interaction (Table 2).

3.1 Building Model Extractions using Single
Optical Images

Lin and Nevatia (1998) and McKeown et al.
(1999) presented building modeling methods
which utilized walls and shadow casts in an
image whereby the illumination direction and
camera geometry were considered in geometric
modeling of building heights, Then, for verifi-
cation of building models, building edges on ground
and shadows were exploited.

Because available features are limited to one
image, the approaches exploit the domain knowledge
about camera model, building shapes and other

Table 2. Studies on Building Model Extraction

Single Optical
Image

Lin and Nevatia (1998)
McKeown et al. (1999)

Roux and McKeown (1994)
Collins et al. (1995)
Willuhn (1996)

Fischer et al. (1998)
Henricssion (1998)

Baillard et al. (1999)

Weidner and Fostner (1995)
Brunn and Weidner (1998)
Cord and Declerq (2001)

Brenner and Haala (1998)
Haala and Brenner (1999)
McKeown et al. (1999)

Ameri (2000)

Vosselman and Dijkman (2001)
Seo (2003)

Gruen (1998)

Gruen and Wang (1998)
Labe and Gilch (1998)
Giilch et al. (1999)
Rottensteiner (2000)

Stereo-images

Elevation Data

Data Fusion

Semi-automatic
Way

object space conditions to predict three-dimensional
shapes of buildings. Although the approaches have
great merits in that three dimensional buildings
can be automatically generated from a single two
dimensional image, however, they are shown to
be limited to simple shapes building models and
quality of resulting models seems to depend on

camera geometry and illumination condition.

3.2 Building Model Extractions using Stereo-
images

Conventionally, aerial images with overlaps have
been the typical data type for building model
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extraction. Their epipolar geometry inherent in
overlapped images facilitates generation and ve-
rification of building models. Grouping mechanism,
however, needs to overcome incompleteness of
features in image domain and the complexity of
building models in object space.

To generate building models, Roux and McKeown
(1994) presented an approach utilizing the con-
nectivity among comners and combining line seg-
ments into 3D planes. They analyzed radiometric
consistency between primitive features to discard
invalid surfaces and avoided combinatorial explosion
of matching pairs of corners based on epipolar
constraints, height ranges, corner types and corner
directions. Collins et al. (1995) determined the
most probable height of a building using a voting
scheme using the distribution of heights of 3D
line segments and models building shapes through
estimation of parameters while considering co-
planarity and rectangularity. Bailllard et al. (1999)
extracted 3D lines through matching and grouped
and refined them by a half plane whereby its
rotation parameter about the lines is determined
with features in other overlapped images. Then,
they aggregated the half planes with other co-
planar and collinear planes into a building model.

Hierarchical strategies have been presented to
improve feature aggregation and to come up with
building complexity. Willuhn (1996) proposed a
blackboard reasoning system, whereby knowledge
about images, features and building models are
taken into account for at feature, structural and
conceptual levels. At feature level, primitive fea-
tures are extracted and their relationships are
utilized to produce 3D line segments. Next, at

structural level, 3D lines are grouped into 3D
surface patches based on the knowledge-based
rules about chromatic and photometric attributes.
At conceptual level, natural characteristics of the
buildings such as roof ridge lines and symmetric
relationships were proposed to be exploited.

Fischer et al. (1998) proposed to use corner
models as bases to aggregate primitive features
and to generate higher level of abstractions.
They hypothesized building part models from
3D corner models and assembled them into a
complete building model by merging and gliing
processes. Henricsson (1998) stated that color
attributes can be strong cues for grouping beside
geometric attributes. They extracted and grouped
regions based on the similarity of color attri-
butes, whereas they generated 3D planes from
3D lines using geometric attributes. Then, buil-
ding models were generated by joining 3D patches
with consideration of topological relationships
between surface patches.

To summarize, approaches using stereo-images
have been shown to have abilities to extract com-
plex buildings. Nevertheless, however, matching
ambiguities caused a non-trivial number of invalid
hypotheses to be verified that those approaches

suffered from.

3.3 Building Model Extractions using Elevation
Data

To extract building models, Brunn and Weidner

(1998) extracted crease and jump edges, and grouped
homogeneous regions into planar surface patches.

Then, they modeled buildings with regularities
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such as parallelism and symmetry constituted
among surface patches. Weidner and Fostner
(1995) exploited building boundaries obtained from
building detection to generate parametric and pri-
smatic building models, whereby the boundaries
from images were refined based on a MDL (Mini-
mum Description Length). Cord and Declerq (2001)
performed a Monte Carlo type of simulation to
group 3D points directly to surface patches. In
their approach, the number of patches to be ex-
tracted was predefined and optimal configuration
between points and planes which can maximize
probabilities predefined was determined.

From the observations above, elevation data
can be stated to be advantageous over optical
intensity imagery such that approach using them
could generate three-dimensional components of
a building model without suffering from matching
ambiguities. One crucial drawback of elevation
data, however, such as lidar data and DSM
from aerial photographs is that localization of
building boundaries in the horizontal plane can-
not be performed precisely as compared with
aerial photographs.

3.4 Buiding Model Extractions using Data
fusion

Modeling buildings with features from multi-
sensory input data has certainly advantages because
of their synergy effect when combined, producing
redundancy and enhancing geometric accuracy.
Data to be integrated are obtained from various

sources such as aerial images, LIDAR data, ground
plan, multispectral images and hyperspectral images.

Usage of ground plans from topographic maps
and GIS data has been studied in Brenner and
Haala (1998), Haala and Brenner (1999) and Voss-
elman and Dijkman (2001). In the approaches,
roof surface patches were initiated from ground
plans and decomposed into rectangular regions.
Then, they segmented further lidar points in
each rectangular region by a Hough transform
and least squares fitting and refined planar patches
by splitting and merging processes. Utilizing hyper-
spectral imagery was presented to verify building
model hypotheses generated from panchromatic
imagery and to identify materials of roof surfaces
by McKeown et al. (1999).

Building extraction which exploits elevation
data and aerial images has been studied in Ameri
(2000) and Seo (2003). Ameri (2000) extracted
planar surface patches from elevation data and
generated building model hypotheses by com-
bining them. Then, building hypotheses were ve-
rified and refined through being compared with
edge pixels in aerial images. Seo (2003) pro-
posed a grouping method, utilizing pair of sym-
metric planar patches called wing model, to aggre-
gate 3D planar patches into a complete building
model and verified a building model based on
edge vectors in aerial images.

In summary, the previous approaches utilizing
multisensor data have shown efficiency in finding
valid building models and localizing their entities.

3.5 Building Model Extractions using Semi-
automatic Way

Because of the variety and complexity of building
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structures in the real world, human interpretation
of the building models has been considered highly
reliable as human operator can perceive and classify
building shapes quickly with high fidelity. None-
theless, however, automation of feature collection
and accurate adjustment of them to a certain
building model are needed to be combined for
better productivity, requiring development of semi
-automatic building extraction systems.

Gruen (1998) and Gruen and Wang (1998)
presented methods to generate complex building
models using critical points in their systerss, called
TOBAGO and CC modeler. Visual inspection
observed critical points and computerized pro-
cedure analyzed their distribution and generated
building models based on predefined rules, called
parser. In Labe and Giilch (1998), Giilch et al.
(1999), and Rottensteiner (2000), initial building
model and points were given by human operator
and building models were generated and refined
by the collection of linear features within the
proximity of the model.

To summarize, semi-automatic approaches can
be considered to have productivity to meet the

current needs of real world mapping projects.

4. Conclusion

This paper manifested the trend and issues of
building extraction methodologies through analytical
investigation, stating their strengths and weak-
nesses in association with sensory input data.
The findings indicate that the quality of buil-
dings extracted depends largely on the type of

sensory input data and that utilization of domain
knowledge and combination of other available
data be important not only to circumvent limi-
tations of a certain type of sensory data but also
to expedite the processing time.

One aspect still needed to establish a high
performance building extraction system, however,
is to assess the influence of input data quality
on output building models so that research efforts
can be focused more on bottlenecks in the pro-
cessing flow, which may be found in any factors
among primitive features, matching, error propa-
gation, data models, aggregation, data availability,

processing time, and other factors.
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