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Abstract

A novel image mosaicking technique suitable for 3D urban visualization is proposed. It is not effective to apply 2D
image mosaicking techniques for urban visualization when, for example, one is filming a sequence of images from a
side-looking video camera along a road in an urban area. The proposed method presents the roadside scene captured by a
side-looking video camera as a continuous set of textured planar faces, which are termed "multiple planes” in this paper.
The exterior parameters of each frame are first calculated through automatically selected matching feature points. The
matching feature points are also used to ‘estimate a plane approximation of the scene geometry for each frame. These
planes are concatenated to create an approximate model on which images are back-projected as textures. Here, we
demonstrate an algorithm that creates efficient image mosaics in 3D space from a sequence of real images.

Keywords: 3D image mosaics, multiple planes, urban visualization

I. Introduction monotonous because of the images’ fixed angle and

viewpoint. Recently, several websites have begun to
By now, there are many Internet websites that supply panoramic images and 3D GIS viewer™.

supply still images for urban visualization. However, Although the panoramic images surrounding a

urban visualization based on still images is extremely viewpoint enables the user to pan and zoom inside

the environment, the viewpoint of the panoramic
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mosaics remains fixed, just like with other still

images. In contrast to the panoramic mosaics, the 3D
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GIS viewer allows users to view urban scenes from
an arbitrary viewpoint and angle. The 3D data and
real images used in the 3D GIS viewer are generally
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obtained by wusing airborme and vehicle-bome
systems. The system is composed of a laser range,
CCD camera, IMU, GPS, and so on, and enables
users to extract a detailed 3D surface of urban
objects with high resolution and texture [2][3]. The
user using stereo matching algorithm also can obtain
a detailed 3D surface of wrban objects from a
sequence of images along a road in urban areas ™",
Unfortunately, it is difficult to apply these detailed 3D
surfaces to current Internet or mobile systems
because the speed is limited in terms of real-time
transmissions. Also, air- and vehicle-borne systems
are extremely expensive and many processes are
needed to obtain the 3D data. To reduce the cost and
the difficulty of creating suitable urban visualization
on websites, image mosaicking is the efficient
technique.

sequence of images taken directly from an urban area

However, it is difficult to apply a

(see Fig. 1(b)). Therefore, we propose a novel image

mosaicking technique suitable for 3D wban
visualization on websites.

This paper proposes a novel image mosaicking
technique that creates an image mosaic in 3D space
using our proposed multiple planes. The proposed
method presents a roadside scene captured by a
side-looking video camera as a continuous set of
textured planar faces, called “multiple planes” (see
Fig. 1(b)). The first step in the proposed method is
to use feature points to calculate the camera’s
exterior parameters. A plane approximation of the
scene geometry for each frame is automatically
selected and matched b_y using a hierarchical strategy
that includes the Smallest Univalue Segment
Assimilating Nucleus (SUSAN) operator"? and the

contours tracking algorithm[1 9 Let the approximated

plane be an independent plane. The exterior
parameters of each frame are calculated by using a
classical non-linear space resection based on

U0 The matching feature points

collinearity conditions
are also used to estimate a plane approximation of
the scene geometry for each frame. These planes are
concatenated to create an approximate model on

which images are back-—projected as textures. We
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(b} A moving camera in a tumning point
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The concept of 2D image mosaicking technigue.
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Fig. 1.

demonstrate that the proposed algorithm creates
effective image mosaics in 3D space from a sequence

of real images taken from urban areas.

II. Related Work

An image mosaicking technique that builds an
image covering a large area by registering small 2D
images to a plane can be used in many different

applications including the creation of satellite imagery
61, (7

mosaics virtual reality environments -, medical
image mosajcs[sl, and video compression[gl. Generally
speaking, there are two major types of image

mosaicking techniques. In the first type, images of a
perspective projection and ortho-satellite imagery,
which is created by Direct Linear Transform (DLT)
based on spatial data such as the Digital Element
Model (DEM) and the Ground Control Point (GCP)
U are registered to given 2D/3D data [6]. In the
second type of mosaic technique, images of a
perspective projection are conjugated without the
2D/3D data. This technique enables users to obtain
3D data and to extract textures. Our research here
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pertains only to the second type of technique. The
image mosaicking techniques of the second type fall

mainly into four categories: 360 degree panoramic
mosaics based on a cylinder plane projection™"”,

spherical mosaics based on a spherical

proj ection™

plane
, 2D image mosaics based on a single

[12], and x-slit images that create

plane projection
image mosaics without a projective plane'™. Because
of the discrete transition in a sequence of panoramic
and spherical mosaics, the walk-through in virtual
reality is uneven. On the other hand, the 2D image
mosaics enable us to view a wide urban scene and
also to conveniently extract the texture of broad
building facades. The

technique creates an image mosaic by projecting

2D image mosaicking

input images to a single plane (see Fig. 1(a). If a
perspective equation is used, the single plane is
automatically set by the pose of the first frame and
by the average depth of the pairs of feature points
selected at the first and second frames. The
perspective equation is expressed as follows:

x'=(ax+by+c)/(dc+ey+1)
Yy =(fx+gy+ch)/(dc+ey+1)

where a, b, ¢, d, e, f, g, and h are derived by using
the classical least square model with the pairs of
selected feature points. Unfortunately, when taking a
sequence of images from a side-looking video camera
along a road in an urban area (see Fig. 1(b)), it is
not effective to apply 2D image mosaicking
techniques. Even though the x-slit image algorithm
can create an image mosaic from the sequence of
images, the image motion of each frame is limited to
less than a single pixel to create an image mosaic
with a high resolution. In addition, it is difficult to
accurately calculate camera orientation within 0.1
pixels to create well-aligned x-slit images. Because
the distance between the urban objects and the
moving camera is very small and the image motion
is generally over 10 pixels, applying the x-slit image
algorithm to a mosaic of an urban area is not

effective.

Since it is not effective to apply conventional
image mosaicking techniques directly to wurban
visualization, this paper proposes the 3D image
mosaicking technique that creates an image mosaic in
3D space using our proposed multiple planes. Section
3 of this paper describes the camera’s exterior
parameters and the automatically selected matched
feature points, while section 4 explains the algorithm
for our proposed multiple planes. Experimental results
are shown in section 5 and the conclusion is

presented in section 6.

III. Exterior parameters and feature point
tracking

In order to recover the 3D coordinate of matched
feature points, which is used to estimate a plane
approximation of the scene geometry for each frame,
we need to know the exterior and interior parameters
of the camera. In this paper, we discuss the exterior
parameters and assume that the interior parameters
have already been established. If P(X)Y,Z) denote the
Cartesian coordinates of a scene point with respect to
the camera (see Fig. 2), and if (x,y) denote the
corresponding coordinates in the image plane, the
image plane is located at the focal length f from the
focal point o X;,Y:,Z;) of the camera.

The perspective projection of a scene point
P(X,Y,Z) on the image plane at a point where p=(x,y)

Exterior parameter Yy
(XL:YL?Z_{,_Z'?:¢’K) y 1
o* ~-...,.‘ :O(XL YL ZL)
...... Weseassnun -—q
D ..o X
L R

O 20 Fielaiet A Zejelel e|gnleioig.
Fig. 2. BExterior parameters of a camera and an image
' frame.

(321)
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is expressed as follows:

x X-X,
|y|=Am Y-1,
f z-z, |, (n

where A is the scale factor, S is the focal point of
a camera, (X.,Y1.Z,)is the camera position, and ™

is a 3%3rotation matrix. This matrix is defined as

follows:

C,C. C,S.+8,8,C, S5,5.-C,S,C,
m={-C,S, C,C.,~S,5,5. S,C.+C,S,S,
s, -$,C; C,C, , (2)

where C,= cos(w), Cs= cos(¢), C, = cos(k),
S,=sin(w), Sy=sin(¢), and S, = sin(x) and
(w, ¢, k) is the camera pose. To eliminate the scale

factor 4, we divided the first and second component
equations by the third component equation in Eq.l,
leading to the following more familiar collinearity
equations:

m (X -X)+m,Y-Y)+m,(Z-Z))
my (X =X )+my, Y -Y)+my(Z-Z,)
my (X =X )+my,(Y -Y)+my(Z-2,)
my (X = X )+my,(Y =Y, )+ m(Z-Z,)

x=f

y=r

3

Estimations of the exterior

necessary in the photo-triangulation procedure since

parameters are
we must solve a non-linear problem, based on the
collinearity conditions, to obtain a rigorous solution.
An approximate solution can be achieved with a

[16], or with a classical

closed form space resection
non-linear space resection based on collinearity
conditions given more than four feature points. In
this research, we used the classical non-linear space
resection to obtain the exterior parameters. In cases
where the frame number of the sequence is huge, the
size of the designed mathematical matrix relating to
the bundle block adjustment by independent models
will also be huge, since a bundle block adjustment

using GCP and matched feature point solves the

24 SHHS ABE ZHX JNEE 3 XY 2X013 s

(322)

HHE 9

Imageframe(t-1)
> Ay
£ / /
Ny
a3 3 ASH gHE AIES §F dHel & ™MEh ot
= g4 =g
Fig. 3. Fast matching of feature points using a

hierarchical strategy, where t is the number of
the image frame.

exterior parameters of all frames in the sequence one

at a time™

Personal computers have limited
capabilities here, so we use the triplets algorithm.
Assuming that the first frame is an arbitrary
reference coordinate system, the exterior parameters
of the second frame are first calculated by using a
based the

collinearity equations. Then, the exterior parameters

dependent relative  orientation on
of each frame are calculated by using absolute
orientation with the 3D coordinates of the feature
points. Because the 3D coordinate of the feature
points is computed by collineérity equations that use
the two previous exterior parameters, the feature
points must be tracked for three frames.

Briefly stated, a contour matching algorithm

‘reliably tracks several feature points for three frames.

A set of chain feature points represents a contour.
To reduce the computational cost of contour
matching, a hierarchical strategy based on an image
pyramid is generally adopted in the computer vision
field. We also adopted the hierarchical strategy, as
shown in Fig. 3. The C algorithm of Fig. 3 calculates
the average shift on successive smallest frames in
the pyramid. The B algorithm of Fig. 3 uses the
average shift, which was calculated in the C
algorithm, and also calculates the average shift on
successive second smallest frames in the pyramid.
The A algorithm of Fig. 3 searches for the deviation
of similar contours around the average shift that was
calculated in the B algorithm on successive original
frames. The average shift is an average vector of
matched feature points obtained from sparsely located
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(@) Left image

(b) Right image

{c) Contour tracking

(d) Feature points selected on tracked contours

a7 4
Fig. 4. Selecting the best~matched feature
points.
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feature points extracted with the aid of an operator
called SUSAN. We determined the corresponding
information on both the
and the
cross—correlation of the feature points. The contour

feature points through

strength similarity of the operator
matching algorithm is based on geometric constraints.
In other words, the epipolar constraint between two
sets of contours is used and the corresponding
feature points on the contours around the average
shift are computed (see Fig. 4(c)) (Han and Park,
2000). The contours are extracted by a canny edge
operator (see Fig. 4(d)).

Since the well-distributed feature points are good

" for reducing errors of the exterior parameters, we

(323)

used a method of selecting the best-matched feature
points in a image, described as the tracked contours,
and separated into 5 x 5 block-like the pattern on a
chesshboard. Then a feature point that includes the
best matching rate in each block is chosen(see Fig.4(d)).

IV. Multiple planes for creating image
mosaics

In this section, the design of muitiple planes for
creating image mosaics is introduced. The multiple
planes are composed of independent planes
approximated to the geometry of urban objects and
the planes for panoramic mosaics in infinite areas.
The independent plane, on which each frame is
back-projected as texture, is an equation of the first
order calculated by the classical least square using
the 3D coordinate of feature points, as shown in Fig.
a).

We assume that the rotation in the X' axis of the
camera in each frame is very small compared with
other motions of the camera. In other words, the
direction of the Y’ axis of the camera is similar to
the height direction of urban objects. This first order
equation is therefore only concerned with the XZ
plane coordinate. Assume that the outer covering of
urban objects and the position of a side-looking and
moving video camera are built like the thick curve

and rectangles shown in Fig. 5(b). In this case, the
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(b) Multiple planes in 2D space

(c) Multiple planes in 3D space
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Fig. 5. Independent planes formed with the feature

points of each frame.

multiple planes will be designed as a dotted curve in
Fig. 5(b) and will be presented as linked planes in 3D
space, as in Fig. 5(c).

1. The modification of the fault independent
plane
The multiple planes in Fig. 5(b) exemplify the ideal
state. In most in instances, however, difficulties arise.
Problems occur, for example, when some independent
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Fig. 6. Problems of parallel independent planes, the

fault intersection among independent planes (IP).

planes are parallel to the neighboring independent
planes and generate a fault intersection, as shown in
Fig. 6(a) and (b). We therefore need to modify the
independent plane, as shown in Fig. 6.

We propose three modifications for the fault
intersections of the planes. First, we evaluate all

independent planes of each frame, Z=aX +b,,
and then detect the cases of Fig. 6(a) and (b). We
then modify the pose and the position of the
independent planes, as shown in Fig. 7. In the latter
step, we must check whether or not the independent
plane intersects the <center of the previous
independent from IP(t-1) to T, /2 and from

—Ty 2+ /2 to the center of the next independent
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Fig. 7. Modified independent plane for a fault
intersection among the independent
planes.

IP(t+1). The Tx refers to image motion in the X’

axis of the frame. If we detect a fault intersection,
the independent plane is modified as the thick dotted
line in Fig. 7(a) that passes the point

B=A+2(A-C)/5 and
E<=F+2(F—D)/5

The coordinate of points 4, C, D and F is as

follows:

z 33,1 M3,

_ m -
X:l '= (X +(b,_, —-ZL"_l)__M}/{I -a,, 3141 }
4

a. X, +b,,

e i m m
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The modified independent plane selected the line
passing points B and E in order to create multiple
planes with a smooth surface. An image mosaic will
be obtained by linking the modified independent
planes and general independent planes, as shown in
Fig. 8

3D Viewer

lin

a8 8 Alotst wiHol oSt X Zal
Fig. 8. Conceptual result by the proposed method.

Projection

a8 9 =y S8 HIle] o FHMA.
Fig. 9. Back—projection  relationship beiween a frame
and a independent planes.

2. Image projection on the multiple planes

Equation 3 using given the camera’s exterior
parameters and the multiple planes can be the
equation for back-projection to the multiple planes. In
Fig. 9, the X and Z parameters of a, b, ¢, and dare
calculated by using Eq. 4. The Y parameter of a, b,
¢, and d are calculated as follows:

Y= Uma — yme )X — X))+ ymay — fmp )Y + (fmas — ymas HZ — Z41)
ymyy — fmy,

)

where y is the upper or lower boundary of the
image plane. The x parameter of a, b, ¢, and d in the
frame is calculated as follows:

my (X=X, )+ mp (Y=Y, ) +my(Z2—-2;) 6)

T =
fmzl(X: X )+ my, (Y=Y, ) +my(Z2-Z,)

V. Experimental results

To realize the proposed method and display the
results in 3D space, we used Visual C++ 6.0 and
OpenGL software. We applied the proposed method to
a sequence of real images taken from a moving video
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Fig. 10. The 3D muitiple planes: the circle is the feature
points; the square is the frame.
camera. Fig. 10(a) shows the relationship of a

moving camera and the feature points, while Fig.
10(b) shows the frames projected onto their own
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{c) Front side of a building

(d) View with a down ward angle
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Back-projection of the frames to the multiple
planes.

independent planes. Fig. 10{(c) and Fig. 10(d) show
the 3D vectors of the multiple planes connected with
the entire size of the frame. Fig. 11(a) shows the
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projection of the frames to the multiple planes. Fig.
11(b) shows the left side of a house. Fig. 11(c)
shows the front side of the house with results
created by projecting image frames onto the multiple
planes of Fig. 10(c). Fig. 11(d)shows the results
when viewed from a downward angle.

V. Conclusion

A novel image mosaicking technique suitable for
3D urban visualization on websites is proposed. The
proposed method enables a roadside scene to be
captured by a side-looking video camera through a
continuous set of textured planar faces. The proposed
method adopts panoramic mosaicking techniques to
reduce the ghost effect around infinite range areas,
and also uses the seam-line detection algorithm to
create a image mosaic. This paper demonstrates that
the proposed method uses a sequence of real images
to create image mosaics in 3D space effectively.

The results of this research can be applied to 3D
virtual city visualization and games on websites, cell
phones, and PDAs. Moreover, because the results
represent continuous data, this method will overcome
the drawbacks inherent in using a sequence of
discrete panoramic and spherical mosaics for a visual

environment with a large area.
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