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ABSTRACT

The automatic recogmtion and reconstruction of buildings paygons from IKONCS
imaees hos become an apertant 1escarch g with widespread anmiicauons in digita;
photegrammeltry, urban pianiing. and envirnmental studies. In recent vears JKONCS imagen

s

has Leen used as a major source of ‘plarmation in mapping tields and became popular as amy
2ther tne o mapping sources

tids siudy presents @ methad = explore @ sew procedure for Ldlding coter Loundany
extracting fiam hivh resolotion satellite inagery such as IKONCS.
The test areads 2 por ol 2 ore meier nti-cpectral TKONOS imece w0 the el Do &1
A The buildings chosen tor the job ace i purpese choser: of different rao! refiecionce znd

complen shapes 1~ 1est the accuroey of the propesed alzoritig telassification and
STz 1 extact tiem. The measure of the accuracy will be te @ fF

it el
ference in aren
savvren the iterpreted genaralized buildimgs and the visually interpreted tdigivized: buildings.

B

»he procedure proposed for Luilding extraction involves iic use of supervised
ciassification technigue to the test area to segment the building classes from the background and

any ather classes. The images are classitied using minimum distance from the mean to provide
‘hie data for the machine leamning phase.

The final binary image is subjected to a, holes filling, then contouring process to extract

the outer edges of the final filled image that forms the polygons of the buildings. Finally these .

poivguns are reconstructed or refined by applyving a proposed generalization algorithm. The
algoritn; i designed to keep the general shape of the polygons and perform sequential
reling

21 of tire building polygons by removing the unrealistic behavior caused by the sensor
neise. teethes (nodes) caused when the edge line is inclined to the horizontal or the vertical and
uneven reflection of the building roofs.
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Iue copusercial sateilite IKONOS provides s -mpoTiant daia snarce for urbal by Ppay
prhcadons TTONGS redazivel vers figh red Tl QA TEhes AT sesinie 1o map urben bundings

feom satellite imagery. However. due 1o the compieniny o1 iImage 4. the automatic extraction of
ouitdings in Liban &reas Compusus Mudny prodienns. T catelhite imerers on urban area. brightness
vaites are rot unly contrelied by surface inatesial ane extere out alse by the object geometry. and
farmation contained in images and the numerous factoss

umination The large amount of ind
‘afluencing a brightness value make w ver diffic 1t 1o separate important information from

:rrelevant details {3}

Regarding the fundamental methodologs in spatial feature eairact:on from acriwl and space
images. a lot of experiences have heer gamed in the past few yeare. Se eral methads have been
developed and the corresponcing accuracies have been reported Jie Shan D ET. AL(2602) .[4].
discussed methods for building classification and generalization using the Doglas Peucker appreach
-0 remove nodes from high resolution satellite imagery. Tao Guo.et al {2001) .[9]. carned out an
experiment using a snake-based approach for building extraction figra hich-resoluticn. TKONOS
satellite images by combining height data. C.S. Fraser (2002). [21. uses a machire learning
approach in the form of a support vector machine. The images are characterized using wavelet
analysis to provide multi-resolution data for the machine learning phase

Qur study is aimed at developing a new proceciure 1o exfract urban huilding bounyaries from
IKONOS image. The procedure is expected to be advantagecus in Lrban map updating. especially
for buildings map. The next twe sections will be focused on the class.fication and tiw proposed
generalization approach. The study area 1s located at Aswan near the high Dam Figure (1). The
image used for thus study is a multi-spectral three band (R. G &B TKONOS image. Since our
concern is only buildings polygons and due 10 the lack of greund contred poinis. the mmage will be
used without cenverting it to ortho inage. The buiidings chosen for thi+ study satisfy twe conditions,
first, they shouid have some complenity in shapes. and second the roofs shiould not have surfaces of
equal reflectance. It afier these two conditions the buildings are extiacted with a certain securacy it
will be a judge for the convenience and generality of the proposed classification and generalization

processes.

Figure (1): Chosen scene.

3. CLASSIFICATION STAGE METHODOLOGY o .

The first step of this study is the supervised classification of the multi-spectral image.’
The objective of this stage is to automatically categorize all pixels in the image into land cover
classes or themes. Normally, multi-spectral data are used to perform the classification for each
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aumerical deseriptors of e various lond cover prosented inthe ccene ' taking samnles of
known cover types in different sites 1 tne scene. {ese iepresentative saimp.es "training data set”
are used as an interpretation key thal describes the spectral attributes for cach land cover type.
Each pixel in the image data set is categorized into the land cover class it most closely resembles.
If the pixel is insufficiently similar to any training dataset. it wilt be labeled as “unknown". The
Judge for the closeness of each pinel t the land cover clusses used in this study is the minimum
distance from the mean classifier. Figure (2) shows the resulting image from this stage
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Tigure (3): Scatter plot for the four land covers
X-axis: Bandl DN's & Y-axis: Band2 DN's
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Table (1): Kernets used for Nearest Neighbor Crassification
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The buildings after this step may contain holes "0's edged by I's in the building matrix"
due to the sensor noise and uneven reflection of the building roofs which causes that some pixels
could be misinterpreted by the algerithm.. These unrealistic holes need to be detecied and
removed from the building body. The algerthm &4 detect and fill these mngs so that oniy the
building body is remained tor further zercrar zation Tro_sssing

The resuit of using the above mentisned decision windows and filling the polyLeas koles
is shown in figure (4). One shoutd neuce that any hole in this stage will be closed cven if the
hole is a part of the building,

urely LuLding Giass

Figure (4): The resulting binary image after using 3x3 kernels and filling holes,

To extract the building boundaries. the combined classificaticn resulting image are
processed to detect building boundaries using some facilities supported by Matlab. In this
process the exterior bouh8aries bf the final objects in the binary image are traced where the none
zero pixels belong to an object and 0-pixels constitute the background. The initial point to begin
search for the boundary is chosen at the upper lefi corner of the image and the direction of the
search is west clock wise direction. e

The result from this process is a pixel by pixel coordinates of each point in the boundary
of each object in the binary image in the pinel coordinate system. Figure (5) shows the predicted
shapes of the buildings in vector formal. A close look 1o this figure shows that the building at
lower right part of figure (1) is not completels interpreted but rather it-is interpreted as some
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Figure (2;: Predicted buildings in vector format,

After the building class i+ coaverted w vector form, each building wili be represented by
S0 don wuee The area of o Luilding polygon is then calculated. | i nredicted polhvgons
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CENTRALIZFATIOMN STAGE METHCDOLOGY

ke ohiective ot build'ng generalization is to cobtan accuren building houndases

r=semples 1 shapes 1o those = the onginal image Figure (13 then thse obtained frem the
‘ecicrisation results Figure (5).

s shown in Figure(S), the original vectorisation of building classes contains many
unesnecied shapes this is due to that the contourmg of the buildings is performed in the pixel
farnal by conrecting the cénter of each pixel in the boundary to the center of the next boundary
pixer This makes building polygons always contains interior angles a devisor of 45°. This makes
us aiwavs faced with several line connections represented by solid lines as shown in figure (6)
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Figure (6) Unrealistic building connections

As shown in Figure (6-a, b, ¢, e), corners of building poiygons are connected
unrealistically or not completed correctly forming a 45° or 90° nodes (interior angles >180
followed by interior angles< 180 or visa versa in a one pixels distance). This due to that some
pixels are missed or wrongly interpreted as a background pixels due to the shadow of buildings
and trees. Some other nodes are due to the phenomenon mentioned before (working with pixel
format). Another reason of this nodes are due io the fact that inclined straight boundaries at
building polygons are represznted as a zigzagged line due to that its inclination is not a devisor
of 45° Figure(6d). -

The value and sign of each node in a sample building polygens (figure (7)) are
determined using the Douglas-Peucker (1977) formulations as mentioned in [4]
s = L T PiTiy

' )P,-_]P,-HP;PH]I e

s aere
R (S SN A S S T
FoPuy=[(% 1 =, (¥ 1=y 1) €]
15 the internal angle at each point computed from the azimuths using the usual surveying
conventions

To solve the above mentioned problems, a vector. based generalization technique is
proposed. This technique is outlined as follows.

As a fist step, the formulations mentioned above are used 10 determine the value of A at
each node in the building polygons. The algorithm will then track eacH twe consuctive points
having the same sign A (two positive or negative sign A) like those shown with solid lines at
figure(6 a&b) and change their coordinates to form right angle between the two lines connected
to each point of them( shown by dashed lines). The correction for each point will be based on the
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After reconstructing the “40“corners of the polygon, the second sicp of the generalization
algorithm will be the search for the zigzagged line segments in the polygon like that shown in
figure (6d). Three condition will be the Judge if a line is zigzagged or not, and if it is, what are
the positions of its end points. The firsi condition is, are the nodes (polygon points) are with
different sign A and conductive in order. The second is, compute the azimuths from the first
point of this ordered and different of sign nodes. The points that have azimuth differences within
a given threshold will be follow the same line segment. The third condition is, if the distance
between each two successive nodes in each line segment are within a distance threshold "<=y2
pixels" classify these points to follow the same line segment. The intersection of the results of
the above mentioned three conditions will be the order of the points in the building vector that
follow a zigzagged line segment.

Each point at any zigzagged line segment, will then be subjected to a straight line fit
funetion to project the x or y coordinates of it "depending on the azimuth between the first and
end point in the line segment” on the straight line equation represented by the end points of each
tine segment. There are two straight line equations used for this purpose. The first, when the
azimuth of the end points is within the rang (45° < az <135° or 225°%< az <315°) the y- coordinate
of ant point (y,) will be fixed and the x-coordinate (x,) will be changed as follows:

A

m =

Va—,
¢ =X, —my, (2)
X =my +c

Ahere mis the slope of the siraight line

it the azimuth of the objective line 1s in the rang {45°> az >315° ar 225" az >135°), the
<aaneze will be in the v - coordinate and the x - coordinate will be fixed as follows:

by
= -
1. - x
SN, oy, a
=My o+

“Vhere
1.¥1 and xa.y; are the coordinates of the end points of the line segment
¥ . are the coordinate of the pojnt to bg projected

The third step of the generalization algorithm is the reconstructing of the line
combination like that shown by solid lines " two successive points having different sign A." 10
form perpendicular angles to match those shown by dashed lines figure(6¢). The same functions
used in the second step will be also used here. But the experience we have gained during the
processing shows that this step should be afier the smoothing of the inclined lines.

“he fourth step is projecting any two successive lines having internal angles close to 180°
or 90° within an angle threshold to be straight lines or perpendicular lines respectively. This
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Figure (8): Perpendicular angle between 3 points.
nL_az=azy-(c-a) (4)

Where a =80° or 270 ° according to sign A
x_nL=x2+d2.sin (nL_agz) (5)
y_nL=y2+d2.cos (nL_az) J(6)

The resulting building vectors from the above described generalization process is shown
in Figure (9) (

BUILDINGS VECTOR FORMAT altar GENERALIZATION

Figure (9): Building vector format "in pixel coordinates".

The last stage in the generalization process is to convert the bujlding vectors from the ,
pixel format (dotted lines) to the special format (bold lines) as shown in figure (10). In
converting to spatial coordinates the x&y coordinates of each point in the building polygon will
be increased or decreased according to the sin and cos of the azimuths of lines connected to each
point A function to perform that purpose is crealed using also the normal surveying conventions

for computing the coordinates differences from the azimuth and the length of the line as shown
in figure (10). :

Cegh
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Figure (10): Converting from pixel to spatial coordinates.
The formulae used for the conversion from pixel to spatial coordinates are:
d=0.5 pixel/cos az;, (7

X>=x;+d sin(external angle/2) (8)
yz2=y1+d.cos (external angle/2)

The resulting boundary polvgons after conversion to spatial coordinates is shown in
figure (11)

BUILDINGS VECTOR FORMAT AFTER GENERALIZATION (spacal coord )

'

h ;j:

! T %0
b
Q-

Figure (11): Buildings i spatial coordinates.

For measuring the accueracy of the extracted burlding polvge:- the same poiygen
extracted are also digitized by 1sual interpretation, For re ining the digiised gata from error
aduced mcorporated by the digiization process. the generalization algoriii m 1s 2lso used for this
purpose. The resulting polygons frem both digitizaticn and generalization ; rocesses are shown in
F.zure (12). The measure to the accuracy will be the difference in area betveen the extracted and

digitized polygons as shown in Table (2)
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Figure (12): Digitized and vectorized building class,

Table (2): Polygons areas * m pixels
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L CONCLUSION AND FUTURF WORK
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Future work will be directed tovards the assessinent of thi. algorithm quality by
compading it with other software In adarting, improving the copablities of this building
extraction aigorithm by additionally using other classifiers such as maximum likelihood,
Mahalanobis distance ...etc classifiers

6. REFERENCES

{1JC.J. Beliman, M.R. Shortis (2002)°A MACHINF, LEARNING APPROACH TO BUILDING
RECOGNITION IN AERIAL PHOTOGRAPHS". iISPRS Commission 111, Symposium,

Jrasz. Austria




/&S VISN

[21C.S Fraser. E. Balsavias. 4. Gruen (2002) PROCFESSING OF IKONGS IMAGERY FOR
SUBMETRE 3D PGSITIONING AND BUILDING EXTRACTION™ (SERS Jwarnal of

Hwh;nnxmr}&'xnmwbwnngfb!"llN

13)F. Rattensteiner, Ch. Briese "4 NEW METHOD FOR BUILDING EXTRACTION IN

URBAN AREAS FROM HIGH RESOLUTION LIDAR DATA ".Insiute of Photogrammetry

and Remote Sensing, Vienna University of Technology, GuBhausstrafle 27-29, A-{040 Vienna, Austria —

(fr.cb)@ipf.uwien.ac.at

[4] Jie Shan D. Scot Lee (2002) "GENERALIZATION OF BUILDING POLYGONS

EXTRACTED FROM IKONOS IMAGERY" Symposium of geospatial theory, Processing

and application, Qttawa, Canada

[SJie Tian, Jinfei Wang, Peijun Shi (2004) URBAN BUILDIMNG BOUNDARY EXTRACTION

FROM IKONOS IMAGERY" jtian5@uwo.ca,

[6]Lillesang & Kiefer, (1994). "REMOTE SENSING AND IMAGE INTERPRETATION THIRD

EDITION", John Wiley sons, Inc.

[7]M. Gerke, C. Heipke and B.-M. Straub (2001) BUILDING EXTRACTION FROM AERIAL

IMAGERY USING A GENERIC SCENE MODEL AND INVARIANT GEOMETRIC

MOMENTS 'Proceedings of the IEEE/ISPRS joint workshop on remote sensing and data fusion

over urban arcas Rom-Italy 1SBN 0-7803-7059-7, pp85-89

[8]M. Gerke, Betnd-Michae! Straub & Andreas Kochi (2002)"AUTOMATIC DETECTION OF

BUILDINGS AND TREES FROM AERIAL IMAGERY USING DIFFERENT LEVELS

OF ABSTRACTION" igerke. straub.koch}/@ipi.uni-hannover.de

[9]7a0 Guo. yoshifumi Yasuoka {2001)"SNAKE- 3ASED APPROACH FOR BUILDING

EXTRACTION FROM HIGH-RESOLUTION SATELLITE IMAGES AND HEIGHT

DATA IN URBAN AREAS”, Institute of Industrial Science, University of Tokyo

[10} The Math Works, inc (2004),” MATLAB IMAGE PROCESSING TOOLBOX”, the Math
Works, Inc., Natick, MA

-668-




