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Abstract

In this paper, the algorithm to extract the height of flat-rooftop structures in stereo aerial image is
suggested with an assumption that the location, orientation, focal length, and field of view of a camera are
known. It can be adapted to stereo aerial or satellite images. For performing feature-based stereo matching, the
line segments suitable to describe the shape of general buildings are chosen as the feature. This paper is
composed of three categories; the first step is to extract edges of structures with the polygon extraction algorithun
which utilizes the edge following method, the second step is to perform the line segment matching with the
camera information, and the last step is to calculate the location of each matched line and to estimate heights.

The stereo images used in expetiments are not real but synthetic ones. The experiment shows good results.
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Height Estimation of the Flat-Rooftop Strucrures using Line-Based Srereo Matching

1. Introduction

Unlike the natural structures, the man-made structures have discontinuity of
heights(Shinha 1991). Therefore in extracting the height of buildings, the feature-based stereo
matching algorithm is usually used rather than the aerial-based stereo matching
algorithm(Medioni & Nevita 1985, Barnard & Tompson 1980). Line segments are the best
featpres to describe shape of buildings in aerial images(Huertas & Nevatia 1988). And those are
ver}; useful in the feature-based stereo matching. ‘

' For aerial images, disparities are very small because the locations of the cameras are very
high. So, in order to estimate the exact height of buildings, the accuracy of line parameters must
be ensured.

' The method of disparity calculation by pixel matching is apt to be affected by quantization
error. This paper shows the way to extract height information directly from line-segment
paraj\meters of stereo image. The algorithm can be applicable to stereo aerial images, in condition
that buildings have flat-rooftops, and camera information is known.

2. Border Line Extraction of Structures

The typical algorithms(Huertas & Nevatia 1988, Liow & Pavlidis 1990, Irvin & McKeown
1990) that find the edge of buildings are usually consist of several steps; edge filtering, edge
selection, thinning edge lines, and calculating their parameters. These produce errors by
smoothing in edge filtering, and also have a lot of complexity. So any algorithms have not given
good results. Therefore, the extraction algorithm of the exact building contours(Choi & Lee 1995)
which gives line parameters of edge lines directly from images, is used in this paper. It extracts
low frequency areas, selects candidate regions among areas, and then gets the parameters of the
building's line edges with edge following method(Sauer 1991). It has two benefits. One is a
robustness against the noise. The other an accuracy of line parameters is ensured.
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3. Building and Line Segment Matching

Since the location and orientation of the camera are assumed to be known, the real location
on the ground corresponding to the point on a image can be estimated roughly. In this
calculation, a perspective camera model is used. The estimated location has some error because
the height is not known. The real locations on the ground are used to match buildings and line
segments of a building.

Let (x,y) represents the point on the image coordinates, and let (X,Y,Z) represents a
corresponding point on the world coordinates. The relationship between the image and world
coordinates is given by eq (1).

{%}—SR{E/}+P{%} .................................... w
|

cos-sina 0 1 0 cosyO
R= siéla co(s)a(i 0cos -smﬁ ................... 2

0sin 3 cos B

(x=voll, B=pitch, y=yaw)

Here, s is a scaling factor, R is a rotation matrix, C is a location of the camera focus, and fis a

focal length. The real position on the ground corresponding to the point of the image coordinates

lies in the straight line drawing from C to (X,Y,Z) point. A rough location can be acquired on the

~ condition that the ground surface has only little height variation, and the average height of the
ground is known.

In this paper, first, the matching of the buildings is performed with the length of the border
on the ground and a weight center of corner points on the ground, and then matching of the lines
is performed with orientations of the corner points.

The process of the structures matching is as follows.

Calculate locations of coner points of structures' rooftop in image coordinates
Transform coner points from image coordinate to world coordinates

Predict real locations of coner points on the ground

Calculate weight center of coner points about each structure

Calculate border line length

Match the structures in stereo image with weight centers

SECNSNECNCNCNGS)

Confirm with border line length
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From this process, matched structures are found. And then, the line matching is performed
with each matched structure
- (D Get vectors that the start point is weight center of coner point and the end point is coner
point.
@ Match the lines with orientation and length of vectors

4. Height Estimation

After the matching step, matched line pairs are acquired. One matched line pair comes from
some edge line of the building.

! C.
| = Cz ! Ca

. (a) point-based height estimation (b) line-based height estimation

Fig. 1 Schematic Diagrams of Building's Height Extraction

Fig. 1 represents schematic diagrams which show the estimation of height with features. Fig
1-(a) show that a height information is extracted from the matched points(Sinha 1991).
Theoretically, two lines C ¢ ; and C ,e , intersect on the point E, but practically, they are not
intersect by quantization errors. Therefore a center of the line segment which makes a minimum
distance between two lines, is regarded as an intersection point on the ground(Ghosh 1979). This
method is usually used in the stereo vision system. But this method is affected by a quantization
€rror.

Fig. 1-(b) shows that a height information is extracted from the matched line segments
developed by Zhang(1994) and Schenk(1992). From the plane P; including C; and J; (i=1,2), we
can calculate the cross line of the two planes. The procedure is as follows.
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First, line equations [; of the image coordinates are transformed into L; of the world
coordinates by eq. (3).

0
Li =Ri (ll + |: :| )+Ci .................... PP OTON (3)

where,
R; : rotation transformation, f; : focal length
After getting L;, we can calculate plane equations P; including line L; and point C; by eq.

4). .
Pi=tiLiH{1- 1) Ci et ensst st s st st 4)
From P; and P,, we can calcﬁlate the cross line hat[..
LoPLNP2  ceecccesssssseeesese e sneesssesssesseseseeeseseenn (5)

Now we can extract the height information from the line segment L. If the two planes are
almost parallel to each other, the error of the estimated height will be large, and this case will be
excluded. The number of the height informations that we can get will be at least 4 for each
building because the most building's rooftop consist of more than 4 lines. In this paper, the
height of buildings will be determined by an arithmetic average.

The merit of this method reduce an effect of a quantization error. The line equation of a line
on a image is acquired by least mean square method. If a line is sufficiently long, we get a exact
line equation from quantized points. Therefore accuracy of a estimated height from the matched
lines is increased.

5. Experiments

1) Experimental Images

In Fig. 2 there is a perspective view including several structures to intend to extract height
information on a plane. Each structures have flat-rooftop and some different value of height.
Also Fig. 2 represents the coordinate system used in experiments. X-Y plane is the bottom plane.

Table 1 represents the real height of each structure. ,

Images used in experiments is acquired 3 different position and different orientations as
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Fig. 2 Shape and Location of the Structures

Table 1 Real Heights of the Structures

#’qu Structure ..

Real Height 40.0 300 20.0 70.0 40.0 30.0

401]!] x

-4000

Fig. 3 Camera Location
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(a) Image 1 (b) Image 2 {c) Image 3

Fig. 4 Experimental Images

Fig. 3. The height of cameras are the same, and all cameras are oriented toward origin of
coordinate system. Fig. 4 shows 3 images for experiments. These images are not real but
synthetic ones. The model used in making synthetic images is a perspective model that is usually
used in camera modeling

Table 2 Camera & Image Specification

Image 1 . Image2 Image 3

Camera Location (x,y,z) (0,0, 10000) (0,-4000, 10000) (4000, 0, 10000)
Camera Orientation e e R o Mo o o o

(roll pitch, yaw) (0°, 0°, 0°) (0°,21.8014°, 0°) (0°,0°,-21.8014°)
Focal Length(cm) 04 04 04
Field of View (degree) 7.3333° 7.3333° 7.3333°
Image Size (pixel) 256 X 256 256 X256 256 x 256
Length per Pixel(cm) 2.3913

The specification of the cameras and images is on a Table 2.

Table 3 Composition Stereo Image Pair

Stereo Pair 1 Image 1 + Image 2
Stereo Pair 2 Image 1 + Image 3
Stereo Pair 3 Image 2 + Image 3
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Using this image, we make up of 3 stereo image pairs like Table 3.

2) Results

In this paper, we experiment in 3 stereo image pairs with the two method, line-based stereo
matching and point-based stereo matching. The algorithm used in extracting of border line is the
extraction algorithm of the exact building contours(Choi & Lee 1995) and it is commonly used in

(a) Image 1 (b) Image 2 (c) Image 3

'Fig. 5 Extraction of Structures' Border Lines

two methods. Fig. 5 shows the results of the building edge extraction. The edges of building's
roof-top regions are exactly acquired.

‘Table 4, 5, and 6 are represent the extracted height information and error rates.

Because the locations of cameras are higher than the locations of structures' rooftop,
extracted heights are varied sensitively as variations of line parameters. In case of structure 1, 2, 3
in the stereo pair 2(Table 5), among the 4 border lines, two long lines are excluded because these
are almost parallel with epipolar line. Two short lines' parameters are not exact because we
recognize the side plane of structure as a rooftop plane. Therefore their error rates are higher
than the others.

Table 4 Result of Stereo Pair 1

Real Height 40 30 20 70 40 30
Line  Bstimated  40.05 2984 1951 7133 4047  30.68
based  Frror(%) 0.1 04 25 19 12 2.3
Point  Estimated 3884 2044 1944 7094 4027 292
based  Error(o%) 29 19 2.8 13 0.7 33
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Table 5 Result of Stereo Pair 2

“#0f Structure 1 2 3 4 5 6
Real Height 40 30 20 70 40 30
Line  Estimated  37.87 2739 1820 6915 3960 2952
based  Error(%) 53 8.7 9.0 12 1.0 16
Point  Estimated  37.75 2729 16890 6918 3951 2776
based  Error(9%) 56 9.0 156 12 12 7.5
Table 6 Result of Stereo Pair 3
© #of Structure 1 2 3 4 5 6
Real Height 40 30 20 70 40 30
Line  Estimated 3877 2864 1958 6857 3903 2955
based  Error(%) 31 45 21 2.0 24 15
Point  Estimated  37.31 2693 1813 7033 3938 2851
based  Error(%) 6.7 102 94 0.5 16 5.0
Table 7 Average of Error rates
Stereo Pair 1 2 3
Line-based 1.40 446 2.60
Pixel-based 2.15 6.68 557

Table 7 shows average error rates of two methods. The result of the line-based stereo

matching method is better than that of the point-based stereo matching method.

6. Conclusion

In this paper, the line edge parameters of the buildings are obtained by the extraction

algorithm of the exact building contours, the matching of the buildings and lines are performed.

Finally, the heights of the buildings are estimated from the matched line pairs with the camera

information and matching results in two ways, the point-based and the line-based method. We
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had got good results by using an exact information of the camera. The result of the line-based
method is better than that of the point-based method.

For the future work, we will apply this algorithm to real stereo image, and analyze an
influence by camera information error.
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