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Abstract

In usual CCD camera-based presentation systems,
a zoom of a camera and a position of a document
are manually adjusted for focus by the user. In an
intelligent presentation system, however, the zoom
parameters of the camera and the area to be fo-
cused are automatically determined. Furthermore,
a document should be captured in inhomogeneous
resolution, because a document image consists of
some blocks that are printed in different-sized fonts.
In this study, we propose a technique for camera-
based inhomogeneous image capturing in order to
develop an intelligent presentation system. Zoom
parameters and the area to be focused are deter-
mined by analysis of the distribution and changes
in characteristic vectors, and the images captured
are merged using an image-mosaicing technique. An
experiment was conducted on live images.

1 Introduction

CCD camera-based presentation systems are widely
used (Figure 1). In such systems, a zoom of a cam-
era and a position of a document are manually ad-
justed for focus by a user (Figure 2). However, au-
tomatic adjustment is desirable. So we consider to
use an active camera in which we can control the
zoom and glance direction (Figure 3) [1].

Document images consist of blocks that are
printed in different-sized fonts such as titles, fig-
ures, bodies, and footnotes. The image resolution
that is needed for presentation depends on the sizes
of fonts used in these blocks. In such a case, the doc-
ument should be captured in inhomogeneous reso-
lution (Figure 4).

There are three technical problems that must be
solved in order to realize such an image capturing
system:
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Figure 1:
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CCD camera-based presentation

1. Identification of areas that require more detail,
that is,

e extraction of pixels that lack resolution

e generation of block regions based on the
distribution of such pixels

2. Determination of an adequate zoom parameter

3. Overlapping images by voluntary size

In this paper, we propose a solution to these prob-
lems.

This type of system, the inhomogeneous image
capturing system, is one sub-system of the intel-
ligent presentation system which we are currently
developing[1]. The intelligent presentation system
can handle bodies, figures, and so on in a paper
document (Figure 5).
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Figure 3: Conceptual figure of our proposed
system.

2 Inhomogeneous image cap-
turing system

2.1 Outline of inhomogeneous image
capturing

Figure 6 shows the flow of inhomogeneous image
capturing.

First, pixels that require more resolution are ex-
tracted. We call such a pixel a zoom-lacking pixel
(ZLP). Next, block regions based on the distribu-
tion of ZLPs are generated. Then, the user chooses
one block for presentation, and an appropriate zoom
parameter is determined for the selected block. A
series of images is captured by scanning and is then
composed.
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Figure 5: Intelligent presentation system.

2.2 Extration of zoom-lacking pixels

A block in Section 1 consists of structual elements
such as letters. These structual elements are further
divided into pixels.

2.2.1 Property of zoom-lacking pixels

If the zoom value is too low, the structual element
is fused with other structual elements or with the
background, and the characteristic vectors of pix
els are different from the original ones (Figure 7,
state (1)). If the zoom value is sufficiently high,
the structual element is clearly separated from other
structual elements, and the characteristic vectoms
of pixels become the original ones (Figure 7, state

(2)).
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Figure 6: Flow of inhomogeneous image cap-
turing.

Property 1 : We classify pixels into clusters by
the probability density of characteristic vec-
tors. In state (1), a pixel in the right-middle
structual element that lacks resolution is per-
ceived as an outlier, not as a principal cluster.
In state (2), the pixel in this structual element
is expected to be perceived as a principal clus-
ter. So we notice pixels that are perceived as
an outlier.

Property 2 : In state (1), the characteristic vec-
tor of the pixel in the right-middle structual el-
ement changes greatly with an increase in the
zoom parameter. In state (2), however, there
is little change in the characteristic vector. So
we notice this type of pixel.

We attempted to extract ZLPs using these two
properties. Figure 8 shows the flow of extraction of
ZLPs. The following is a brief description.

2.2.2 Analysis of distribution of character-
istic vectors

We classify pixels into clusters using the improved
method[2] of the Maximum Likelihood Robust Clus-
tering (MARC) algorithm(3][4]. By the way, the
border of the structual element is always perceived
as an outlier and should be eliminated. We call pix-
els satisfying this condition isolating outlier pixels.
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state (1) : The structual element is fused with
other structual element or with background, and is
perceived as outlier.
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state (2) : The structual element separates from
other structual element, and is perceived as a
principle cluster.

Figure 7: Relationship between the zoom pa-
rameter and the state of the structual ele-
ment.

Isolating outlier pixels are considered to be possible
ZLPs.

As a weight concerning a possible ZLP through
this analysis, I, is defined.

1,
I’U’U i { O,

2.2.3 Analysis of the change in characteris-
tic vectors

The pixel (u,v) is a possible ZLI(:’I)
otherwise

Let Ip be the image captured under zoom parameter
Z — 6Z, and I be the image captured under zoom
parameter Z. We cut out the capturing region of I;
from Iy, and magnify the cut image to the image size
of I;. This is the reference image Ij. Let z1(u,v)
be a characteristic vector of pixel (u,v) in I, and
zgy be in Ij.

The difference Az(u,v) between @;(u,v) and
xg(u,v) is defined as follows:

Az(u,v) = z1(y,v) — zo(y,v) (2)
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Figure 8: Flow of extraction of ZLPs.

We classify pixels into one cluster and outliers by
probability density of Az(u,v) using MARC. Out-
lier pixels are considered to be possible ZLPs.

As a weight concerning a possible ZLP through
this analysis, I}, is defined.
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2.2.4 Fusion of the results of two analyses

The pixel (u,v) is a possible ZLF?))
otherwise

In the analysis of distribution of characteristic vec-
tors, we can not classify pixels into clusters in stable
according to the condition of an image. Pixels that
are perceived as a principle cluster in a local area
are perceived as an outlier in a whole image. On
the other hand, in analysis of change in characteris-
tic vectors, it is difficult to distinguish between the
border of the structual element and ZLPs. In this
study, we used both of these analyses together. We
consider logical AND of possible ZLPs acquired by
two analyses.

A weight I, concerning ZLPs is described as fol-
lows.

Bisiv= =160l (4)
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Figure 9: Generation of block regions (white
pixels show ZLP).

Then, the region that has a lot of ZLPs should be
zoomed up.

2.3 Generation of block regions

We classify ZLPs into some block regions by space
distribution. Then a structure of a document can be
known clearly, and we can do an effective presenta-
tion. Here, a technique of a layout analysis of a doc-
ument image can be utilized. A block region is gen-
erated using both the horizontal and vertical pro-
Jection distributions of ZLPs. It is divided by spot
that histgram of projection distribution amounts to
0. In order to avoid minute division, a median fil
ter is used in the projection distribution, and small
division is eliminated. Each block is formed on suit-
able size using a maximum and a minimum value of
coordinates of ZLPs which are included in its region.

Figure 9 shows one of the experimental results.

By the way, the technique which we use this time
is assumed to be able to express a region by a rect-
angle. So, when a region is complicated, this tech-
nique does not sometimes act on stability. It alsois
not stable concerning an inclination of a document.
To this, application of a technique of a complicated
layout analysis is a subject to future[5][6].
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Figure 10: Determination of appropriate zoom
parameter.

2.4 Determination of appropriate
zoom parameters

It is supposed that the zoom value changes from
low (wide) to high (tele) following time. About the
image captured in the zoom value z; by time ¢, I
is calculated by the following:

ooy, (5)
U,

The value I?* is counted on various zoom parame-
ters. The change in I7* with an increase in the zoom
parameter is monitored. The zoom value with the
stagnant starting time is selected as the appropriate
parameter (Figure 10).

The stagnant starting time is decided as follows.
We consider the number of ZLPs [IZ¢...I;***] during
the time [t...t + s] when the time is . Then we
acquire the maximum value I3, .. and the minimum
value I3, of [I7t...I;***]. When a condition of

Irsnaa: o Ir‘;zin < d (6)

1s satisfied, the time ¢ is the stagnant starting time.
The threshold 7" is decided as the following using

the maximum value It . of [IZ°...]?]:

T= 55 I:na:z: (7)

s, vset 3, 0.1 as an experience.

One of experimental results is shown in Figure
11,12, 13 and 14. Figure 11 shows a set of original
images. Figure 12 shows a set of analyzed images.
The white pixels are ZLPs. The change in the num-
ber of ZLPs with a change in the zoom parameter is
shown in Figure 13, and Figure 14 shows a proper
zoom image which is acquired from Figure 13.
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Figure 11: A series of original images.
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Figure 12: A series of analyzed images (white
pixels show ZLP).
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Figure 13: Transition of the number of ZLPs.

Figure 14: Proper zoom image.
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Figure 15: Experimental result of image mo-
saicing.

2.5 Sufficient observation region and
image-mosaicing

In many cases, a sufficient observation region of a
block can not be guaranteed with a single expo-
sure by an adequate image resolution. Therefore,
we need to control pan and tilt angles to capture
images. These images need to be overlapped by im-
age information without regard to form or size of a
cluster. In this study, we used the image mosaicing
technique[7].

The image mosaicing technique is the technique
which forms an original scene from a series of images
which are captured in different points of view.

We consider two images X, X' which are cap-
tured in different points of view. A relationship (a
change) u’ between X and X’ depends on a pa-
rameter m. Difference in image intensity between
a pixel u (= (u,v)) in X and a corresponding pixel
in X’ is calculated as the following:

e(u) = @'(u+u/(m))-=z(u) (8)

We estimate the parameter m which minimizes
the sum of the square of ¢ E = },, €2 using Hes-
sian method. Here, (u), z'(u) shows the intensity
of the pixel » in X, X’. v’ is described using per-
spective projection model.

One of the experimental results is shown in Figure
15.
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Circumstance using our system.

Figure 16: Prototype system.

3 Prototype system and ex-
perimental results

We constructed a prototype of an inhomogeneous
image capturing system (Figure 16).

For the active camera, we use on EVI-D3(
(SONY). Pan, tilt and zoom of the camera are con-
trolled through a RS-232C interface from the HOST
computer. Images are captured in the HOST com-
puter using an image capturing board.

A user has to choose a block which is displayed.
In our system, there is an interface which a user can
choose a block using a laser pointer (Figure 17).

Figure 18 shows a captured inhomogeneous image
of a document.

4 Conclusion

We have proposed a technique for camera-based in-
homogeneous image capturing in order to develop
an intelligent presentation system. Zoom param-
eters of the camera and the area to be focused
are automatically determined. Images captured are
merged using image mosaicing. We constructed a
prototype of the inhomogeneous image capturing
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Figure 17: Flow of detection of laser pointer.

system using the proposed techniques. An exper-
iment was conducted on live-images.
Our future works are:

¢ Linking between two images or an image and
other information

o Structural or content analysis of presentation
resources

o Recognition of an intention of a user

o Effective display method to viewers
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Figure 18: Inhomogeneous image capturing using prototype system.
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