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Abstract @Y’

A 3D map provides useful information for various serV|ces Traditio ps, however,
consist of a raw image data and are not suitable for real* pllca% In this paper, we
propose a block-based 3D map, which forms three dlme ollection of cubic
blocks. The block-based 3D map has two major pa an b tio and a block size.
The object ratio is defined as the rate of object pixe o alr els within a block and
determines the type of a block. The block size mes actu ngth of the side of a cubic
block and is a matter of resolution and foc e 01' ‘@es Experimental results show
benefits of the block-based 3D map in r sensn noise and in saving amounts of

providing additional mformatlm igent real-time applications.
Keywords: block-based 3D ap, mart C , stereo vision, intelligent services

1. Introduction

Intelligent serV| een home smart surveillance, and ubiquitous robotic
companion co be a img industry area [1, 3]. Sensors are one of the most
essential comts for ntgtligent services since sensors collect information and directly
- Traditional sensors like infrared light, heat probe, humidity
and low-level ones. For the increasing quality and complexity of
ver, there have been increasing demands on new types of sensor,
which can reco ituations and make decisions [1, 2, 9]. Vision sensors provide rich
sources of m%ation in applications including robots, factory automations, intelligent
vehicles, a me networks. Three-dimensional maps of environment, especially, can

provige w more complete information. For flexible services in intelligent environments,

data to be processed. Block- based i port a variety of new services by
datal

sensor and so on are p
intelligent services

ith value added data would be desirable. Many traditional researches on 3D maps,
however, are not appropriate for real-time services since images consist of large amount of
data and takes time to be manipulated [6, 8].

This paper describes an augmented 3D map, which forms three dimensional spaces in a
collection of cubic blocks. The block-based 3D map has two major parameters: an object
ratio and a block size. The object ratio is defined as the rate of object pixels to air-filled pixels
within a block and determines the type of a block. The block size determines actual length of
the side of a cubic block and is a matter of resolution and focal distance of images.
Experiments with a 320x240 pixel image show that the block size of 40x40 and the object
ratio of 30% to 50% results in good performance. From the experimental results we can see
benefits of the block-based 3D map in reducing sensitivity to noise and in saving amounts of
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data to be processed. Block-based 3D maps would support a variety of new services by
providing additional information to image data in intelligent real-time applications.

The rest of the paper is organized as follows. In Section 2, we present the concepts of
block-based 3D maps. In Section 3, we evaluate the effectiveness of the block-based 3D map
by measuring the amount of image data and the sensitivity to noise with varying parameter
values. In Section 4, we summarize the experimental results and conclusions.

2. A block-based 3D map
A block-based 3D map is a kind of augmented images, which consist of fixed size cuybes

various objects including a table, men, etc. We project the space into a two sional
image by taking a snapshot in a single direction. The two-dimensional ima
information being in perspective. That is, an object in far frofy the vanjshi
to be in small and an object in near to be in large. We, h %r, cannaigdrestore the distance
information from the 2-D image. When we have t! Q rei en from different

viewpoints the 3-dimensional structure can be extr epth apsdre the output image of
stereo matching techniques. Block-based 3D maps®a e buil icing the original living
space into cubes according to the information o orresp ding depth maps.

J
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Figure 1®Lonceptual view of a block-based 3D map

There are three@ent kinds of cubic blocks; object blocks, empty blocks, and unknown

blocks. If a cubjc space contains a certain solid object we call it an object block. If there is no
solid objectgis\%air-filled cubic space we call it an empty block. Otherwise, we call a cubic
space an u n block. Unknown blocks include ones right behind an object block such

livi ce in different directions we can eliminate those unknown blocks.

There are two main parameters in constructing a block-based 3D map; a block size and an
object ratio. A block size determines actual length of the side of a cubic block. For a given
image it is a matter of resolution and focal distance. With a small block size a map can
present living space accurately but has to process that much amount of data. With a large
block size a map provides a crude sketch of living space but can be processed easily in real-
time. A block size can be set according to applications’ demands on granularity. An object
ratio is defined as the rate of objects to that of emptiness within a facet of cubic blocks. When
a cubic block contains a boundary of an object we may consider that the block is either full or
empty depending on the object ratio. It provides the threshold between an object block and an
empty block. With low object ratio a map is built in conservative way while with high object
ratio it provides only a rough outlines of objects.

that g @wt tell if there are any objects in the condition. By taking multiple snapshots of
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3. Experiments

Block-based 3D maps are augmented images. While the attributes of an image depend on
its applications we can simply count the size of image data for comparison. Figure 2 shows
the reduction rate in image data size of a block-based 3D map for a given 320x240 pixel
image. The X-axis represents the block size in pixel. The primary Y -axis represents reduction
rate in percentage for the line graph and the secondary Y-axis represents the number of pixels
for the bar graph. For example, when the block size of 5x5 pixels is in use, an image of
320x240 can be redrawn by 64x48 square blocks. This saves huge amount of image data,
about 96% in reduction rate, at the cost of resolution. The larger in block size, the higher in
reduction rate. We expect that these reductions in image data, in turn, can directl iﬁsgf;)e the
processing speed of the images in real-time intelligent services %y
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Figure 2. A simple compa An of imn data usage in block-based 3D maps

Figure 3 shows a sa&esultinw map of stereo correlation. Pairs of images
consisting of 320x2 S are used ‘w5 test inputs; A cup is placed on a partition and
bookshelves are |gn%§ back rﬁ% in the correlation process since it is beyond the range
of consideration=W/g\use SAD absolute differences) algorithm since it is simple and
has linear data patterns/® be processed all in parallel [4, 5]. For the experiments we set
the maximum disparity t with the window size of 3x3. From the comparison of the
depth map with the ide we can easily see noises.

| i /)
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@ (a) left image (b) right image

(c) depth map (d) ideal depth map

Figure 3. A sample depth map using SAD correlation algorithm

Figure 4 shows sample block-based 3D maps of various block sizes. Object ratio is fixed to
50%. The noises in the depth map turn up erroneous blocks in block-based 3D maps. In the
figure, erroneous object blocks, which are supposed to be non-object blocks, are shown in red
and erroneous empty blocks, which are supposed to be non-empty blocks, are shown in blue.
Since the experimental sample maps are built with only a single directional pair of stereo
images there is no unknown blocks shown in the figure. Figure 5 shows the error rate, which
is about the correctness of a block-based 3D map, against the block size. It is defined to be the
ratio of the number of erroneous blocks to the total number of blocks in use. We can see that
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there is an optimal value in block size with respect to error rate. In this test case, 40x40 block
size results in the best performance. There is a trade-off between block size and the sensitivity
to noise. Images can be presented in more detail with smaller block sizes but become more
sensitive to noises. Images with larger block sizes can hide noises but cannot depict in minute
details. With large block sizes, also, the number of blocks used to present an image is
decreased such that any single erroneous block can drastically increase the error rate. In this
test case, the block size of 80x80 seems to be too large to depict the cup on a partition.

(b) 10x10 (c) 20x2

0 ;
Figure 4. Block-based 3D maps wit S
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Figure 5. Eﬁ@es of -based 3D maps against block sizes

Figure 6 sh@ ple block— 3D maps of various object ratios and Figure 7 shows
the correspond rror r e block size is fixed to 40x40 pixels. We can see that there is
an optimal range in obj atio with respect to error rate. In this test case, object ratio
between 30% and 509 It in the best performance. The performance degradation with the
object ratio outsid@mptimal range results mainly from the noises in depth map. We can
adjust the object ratie depending on applications’ demand for levels of granularity.
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Figure 6. Block-based 3D maps with various object ratios
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Figure 7. Error rates of block-based 3D maps against object rati&»).
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4. Conclusions Q
A 3D map provides useful information for various int ent serices, “Traditional 3D
maps, however, consist of a raw image data and are n%' able ime applications.

This paper presented a block-based 3D map, whi S three nsional spaces in a
collection of cubic blocks. From experimental resu saw.theNoepefits of the block-based
3D map in reducing sensitivity to noise and in sgwing amounts of\gata to be processed. Block-
based 3D maps would support a variety of nm vices viding additional information

to image data in intelligent real-time appliéa*
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