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Abstract: In the process of creating architectural scenes
from photographs using Model-based Stereo [1], the
geometric model is used as prior information to solve
correspondence problems and recover the depth or disparity
of real scenes. This paper presents an Image Subregioning
algorithm that divides left and right images into several
rectangular sub-images. The division is done according to
the estimated depth of real scenes using a Heuristic
Approach. The depth difference between the reality and the
model can be partitioned into each depth level. This reduces
disparity search range in the Similarity Function, For
architectural scenes with complex depth, experiments using
the above approach show that accurate disparity maps and
better results when rendering scenes can be achieved by the
proposed algorithm.

1. Introduction

The process of creating architectural scenes from
photographs using Model-based Stereo is to map points in
the key (left) image to the corresponding points in the
warped offset (right) image. A disparity map can be
obtained in the stereo matching process using simple
correlation approach, even for the camera positions are
relatively far apart (large baseline) [1]. Appropriate
disparity search range is the key in creating a disparity map
for the image pairs having many different depth levels.
Although a coarse model simplifies the matching process,
there are some chances of selecting false matches
depending on the disparity search range used in the
Similarity Function [2]. Therefore, the rendering scenes
will contain holes and noise.

In this paper, we propose an Image Subregioning
technique that divides the key (left) and the warped offset
(right) images of architectural scenes into several
rectangular sub-images with similar depth levels. The
proposed technique will minimize error in the matching
process caused by choosing improper disparity search
range. Therefore, the better results of rendering scenes can
be achieved.

2. Similarity Functions and Matching
Suppose that 7,(x,.y,) and 1,(x,,y,) are the intensity of the
key (left) and the warped offset (right) images, respectively.
Since each pixel in the key image is known, we can find a
match of that pixel in the warped offset image from:

1(5,.9,) = 1,(3,,9; +Dy(x.9)) M
where b, (x,y) is a disparity map at position (x,y); that is,
(x,.»,) in the warped offset image corresponds to
(x.7, +D,(x,y) in the key image. SAD (Sum of Absolute

Differences) is used as Similarity Function since it is simple
and uses less computing power [3]. SAD uses Local Search
method [2] as matching algorithm. The correlation of two
windows of size (v +1)x(@¥ +1), where N is any integer
values, in the two images is performed along the same
horizontal scan line. If for any points in the key image, the
search window varies from the minimum disparity 4., to
the maximum disparity 4, in the warped offset image as
shown in Fig. 1. The correlation 5(x,y,4) can be calculated
by:

N
St (x,y,d) = ’)'f”l2~|(l,(x Hiy )1, (x +i,y +] +d))|

2
The value of d in Eq. (2) is disparity search range. The
total range of disparities is given by dange =, ~duf+!
according to the disparity limit constraint [2]. Only one
value of 4 that produces the minimum of the faction is
determined as the disparity for coordinates (x,y), according
to the uniqueness constraint [4].
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Figure 1. Stereo matching using Local Search method,

3. Image Subregioning and Rendering

Algorithms

3.1 Using Sub-images

Using large disparity search range while matching between
each horizontal scan line of the whole key image and the
whole warped offset image, incorrect disparity values may
occur in a disparity map. It is occurred where the depth
level of architecture changed. Because the value of 4 is
derived from the minimum s(x,y,4) value in the Similarity
Function, it is possible that 4 can be improperly selccted.
If the appropriate disparity search range at depth level 2,
and z, , where z, > z,, is from 0 to 3 (4, ) and from 0 to 10
(d,), respectively, the disparity search range used in the
matching process should be from 0 to 10 to cover the depth
level from :z, to z, as shown in Fig. 2. Thus, the improper
disparity search range at depth level z,, from 7 to 10, is
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possible. For m x» image, the computation complexity is
mxnxd , where m,» are the number of row and column,
and 4 is the disparity search range over the whole image.
By reducing the size of the key and the warped offset
images before the matching process [3], the computation
complexity can be decreased.
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Figure 2. The relation between the disparity search range
and the depth level.
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Since the depth level of most architecture changes
vertically along the column spans or the edges of the
building, these can be properly used as the positions for
dividing the key and the warped offset images into several
sub-images. The division is done according to the estimated
depth of real scenes using a Heuristic Approach as will be
described below. If the image is partitioned into # vertical
sub-images, the disparity search range is reduced to 4, for
each sub-image of size m x», as shown in Fig, 3, where i is
the order of the oth to the &-1th sub-image. The
computational complexity will be ¥ *-}(n xn, xd,) , which is
smaller than m xn x4 [3].
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Figure 3. Sub-dividing the whole image into vertical sub-
images.

3.2 Heuristic Approach

Heuristic is one of the problem-solving techniques that
domain experts use to generate good solutions without
exhaustive search {5]. In our proposed algorithm, we use a
domain expert in Architecture and Image Processing to
determine the positions of the division in the image pairs as
the following steps:

1. Use thresholds 7, defined by visual inspection of the
domain expert to classify the depth of real scene to :
levels, where 1=1to L-1;

2.Use s, to s, as the positions of the column spans or the
edges of the building, which can be seen in both the key
and the warped offset images. s, and s, are the left and the
right borders of the images, respectively;

3. Partition the «, th sub-image, where i =0to 4 -1.If i =
0, use s, as the beginning of the division and -, as the end
of the division, where j=1to « . If i >0, use s, as the
beginning of the division and s, as the end of the division;
4. If the depths of most area in the &, th sub-image are the
L th level, define this sub-image as the &, th sub-image and
be the . th level;

5.1f the L th level of the «,_, th sub-image is the same as the
k, th sub-image, merge these two sub-images into the &, th
sub-image and be the L th level; otherwise go to Step 6;
6.Set i=i+1and j= j+1;

7. Repeat Step 3 through 6 until reaching the &, th sub-
image, using s, ., as the beginning of the division and s, as
the end of the division.

3.3 Rendering Strategy

Thus, the sub-images will be used as input of matching
algorithm described in Section 2. b, (x,y) andp,, (x.y) will
be disparity maps using the key and the warped offset sub-
images as a reference image, respectively. We can render
the scene from novel viewpoints using Geometric
Transform [6]. The intensity of sub-images at position
(x.y) will be moved to the new position (x*,y') according to
their disparity maps as the following equation:

x' x +D

[y']=[y +D} @)
Because disparity is inversely proportional to depth {7], the
first visibility problem, image folding or image overlaps,
can be handled. The intensity of sub-images moved by
more disparity value will be in front of that of sub-images
moved by less disparity value. The second visibility
problem, image stretching or holes, are handled by a
morphing technique [6]. Holes are filled with the
combination of the intensity of the key and the warped
offset sub-images using the following weighting function:

I, =(-s)-1,+s -1, 4

where 7, is the intensity of novel rendering, and s is the
weights of the combination, which range from 0 to 1. In our
proposed algorithm, the morphing technique is performed
by adding the following conditions:

1. Identify holes, where the average of intensity values
(RGB) is less than or equal to a predefined threshold 7, .

2. Define 1,+p and 1, +p as the images, which their
intensities have been moved to the new position according
to their disparity maps using Eq. (3).

3. For each pixel in 7,+p and 1, +p, if the average of
intensity values of 7, +p >7, and thatof s, +D >T, , then 1,
is obtained by combining the intensity of 7, +D and 7, +D
using Eq. (4).

4. If the average of intensity values of 7, +D >7, and that of
1, +D <T, , then 7, is obtained by the intensity of 7, +D .

5. If the average of intensity values of 7, +p <7, and that of
1,+D >T, , then 1, is obtained by the intensity of. 7, +D .

6. If the average of intensity values of 1, +D s7, and that of
1, +D <7, , then 1, is obtained by combining the intensity of
1, and 1, using Eq. (4).
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Since the novel camera position is defined as Current
Frame (c), and the distance between the key and the
warped offset camera positions is defined as Total Frame
(7 ), the intensity of novel rendering (/,,, ) can be obtained
by linear interpolating [6] as:

ey =In 6y +0 =59 D Goy) + 1 1y + ) -Dy, (50D
&)

By compositing of these sub-image renderings, the final
result of architectural scene is created. The proposed
algorithm can be summarized as shown in Fig. 4.

Figure 4. Our proposed algorithm.

4. Experimental Results

In our experiments, two groups of the synthetic
architectural scenes; low complexity depth (L-1-1 to L-1-
4), and high complexity depth (H-1 to H-4), have been used
as the key and the warped offset images. By applying
Caching Technique [8], each pair of the synthetic
architectural scenes can be created efficiently. The time
spent in the matching process using subregioning technique
was recorded and compared to the one without using
subregioning technique. The quality of rendering scenes is
also measured using the objective fidelity criteria [91{10],
Signal to Noise Ratio (swk,,. ) and Correlation Coefficient.
Table 1 gives the summary results of the tested images
using our proposed algorithm compared to the conventional
one.

Table 1. The summary results from our experiments using
the proposed algorithm compared to the conventional one.

IDifference off Difference

times spent of the Difference | Difference of mean

in the number of | of meanof |  of Correlation
matching | disparities ]} SNR (%) | Coefficient (%)

process (%) )
24,62 3.94 0.44 -0.09
34.89 527 1.88 0.33
16.55 -0.84 4.11 138
33.18 595 1.15 -0.23
34.89 11.08 1.34 044
49.38 -1.54 2.63 0.61
5130 -0.05 229 0.61
31.46 -2.96 2.52 0.33

Fig. 5 shows some of rendering scenes, starting from
frame 0 to frame 10, using subregioning technique and
without using subregioning technique. Comparing the
results at about frame 3 to frame 7, it can be seen that our
proposed algorithm gives better rendering results.

5. Discussions and Conclusions
As can be seen in Table 3 and Fig. 5, the proposed
subregioning algorithm can help reduce the time spent in
the matching process significantly while the better results
of rendering scenes can be obtained. For low complexity
depth scenes, time saving is 16-34%, while high complexity
depth scenes, time saving is up to 51% compared to the
conventional matching method. By considering the width of
the deepest area in architectural scene, the tested images
having narrow segment of the deepest area (L-1-2, H-1, H-
2, and H-3) can reduce more computation time. We also
found that symmetrical architecture can help increase the
number of disparities in the matching process and produce
higher value of sar,,, and Correlation Coefficient.

We can conclude the characteristics of architectural
scene, the most appropriate for using our proposed
algorithm, as a scene with high complexity depth, narrow
segment of the deepest area, and symmetrical structure.

There are several improvements and extensions to our
proposed algorithm. First, our matching techniques only use
the intensity value in the Similarity Function, so there are
not enough information to determine the minimum of the
function correctly. By using or adding other featuzes of the
scenes in the matching process, more accurate disparity
maps can be achieved. Second, our subregioning method
needs a domain expert to determine the appropriate
positions for dividing images. The system should be
extended so that it can be able to partition images
automatically by using some architectural knowledge as the
input. Lastly, other directions of the division can I:e used to
overcome the problems for dividing architectural scenes
having complex structure such as Thai Architecture.
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Figure 5.Some of rendering scenes (H-2). (a) using subregioning. (b) without using subregioning.
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