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Abstract

In this research, it has a purpose of the realization on the handheld unit of the spatial synchronous
difference revision technology for the digital watermark detection. The digital watermark is the technology
by which a signal (The digital watermark signal) is embedded so as not for the host image which becomes
a signal carrier to be able to sense at the naked eye. Also, it is the technology which detects a signal in
the embedded host image.

The digital watermark is being often used for the copyright protection and the agency of the analog
media and the digital media and its sometimes requiring detection in the analog host image, i.e. printed
matter and the display. The digital watermark detection from the analog host image, because a spatial
synchronous difference is caused by the image between the time of the embedding and the time of the
detection, how it is possible to revise a spatial synchronous difference before detection becomes important.

A spatial synchronous difference revision research for existing digital watermark is divided into two
kinds by the degree of difficulty of the revision. The first revises only about the scaling and the rotation
and in this paper, this is called affine-transformation revision. The second revises the case which the host
image plane normal and the center axis of the detection camera lens aren’t parallel to and in this paper,
revision from this condition is called plane projective-transformation revision. The plane projective-
transformation revision includes affine-transformation revision from the definition. There are a way of
using the auto-correlation of the digital watermark repeat pattern and a way of revising a marker by
giving it to the frequency space of the host image in the existence research of the affine-transformation
revision. Because the marker can not be sensed at the naked eye but supports only affine-transformation
revision, these have the agreement that the camera must be taken from the front of the host image the
photograph. On the other hand, there is a way of revising a marker by giving it outside the host image
therefore to revise a plane projective-transformation. Because it is permitted to take a host image the
photograph with the camera from the thing except the front but the marker can be seen by the naked
eye, this ruins the original point of the digital watermark that a signal is embedded so as not to seem a
host image. It is to the point which isn’t using the contents of the host image that which way is common
together. Because it is difficult to know the contents of the host image when the side of the detection
is preliminary in case of the digital watermark, it is difficult to use the contents of the host image for
the spatial synchronous difference revision. At this point, it is the part which is different from the other
image processing such as the pattern recognition roughly and it is possible to say the constraint which
is peculiar to the digital watermark. The problem which it should solve from the trend of the existence

research can be organized as follows:



It doesn’t use the marker which can be sensed with the naked eye.

Without knowing the contents of the host image beforehand

It is real-time.

It revises a plane projective-transformation.

In this research, it reviewed to have used ”SIFT (Scale-Invariant Feature Transform) to solve congruent
points matching correction method to solve these four problems”. As for the way of using SIFT, because
there was a problem in the real-time, it proposed to have used ”STA (Side Trace Algorithm) to solve
congruent points matching correction method ”.

To have used proposed ”STA congruent points matching technique” were subscribed as the patent in
2007. In the present in 2009, because it was the only way in the world to detect the host image with the

cell phone terminal, not being in the marker and being real-time, it was used for the following use:

1. It services ”Pattobi” in NTT Data Inc..

2. The authentication equipment for the reception office entrance and exit at NTT communications

Inc. building (This equipment wins NTT communications president awarding in 2008 ).

3. The visitor reception equipment of NTT R&D forum (2007, 2008).

Hereinafter, it is shown about the composition and the overview of the this paper.

In the first chapter, it describes the background of this research and shows that digital watermark
detection in the analog media is used as the agency of the analog media and the digital media. In the
digital watermark detection in the analog media, the spatial synchronous difference of the host image
occurs between the time of the embedding and the time of the detection and shows the necessity of
revising it. Some researches in the past of the correction method of the spatial synchronous difference
are described, it organizes problems of researches in the past and the derivation of four problems which
this research should solve. It shows two proposal ways to solve these problems.

In the second chapter, it shows the digital watermark application which this research assumes and
specifies the goal performance of this research with derivation from there. At the same time, it specifies
that the target terminal is a camera-equipped mobile phone with the lowest performance in existing
terminal with the camera. It is possible to say that what other terminal can achieve goal performance
when the lowest performance terminal achieved goal performance. Next, it did a bench-mark-test about
the performance of the camera-equipped mobile phone and it shows that the bottleneck in case of per-
formance is the access cost of the image memory. As for the discussion of the bottleneck, details are
described of chapter 4 since then.

In the third chapter, it described congruent matching correction method using SIFT. The viewpoint

which resulted to adopt SIFT is described and it is possible to solve out three of four problems with



SIFT. By the SIFT, the problem of one piece of the remainder which can not be solved is real time, and
the improvement of the performance of the processor must be waited for.

In the fourth chapter, it described that it used STA which is the proposal way congruent matching
correction method. The viewpoint of the basic STA is described and four problems show the thing where
all can be solved by the basic STA. But, by the experiment, when the contrast of the peripheral edge of
the host image isn’t being cleared, the basic STA shows that the performance doesn’t resemble sufficiently
out.

In the fifth chapter, a frame use type STA is described. This way gives a frame to the host image
periphery to relieve the case where the contrast of the host image periphery edge which is the defect of
the basic STA isn’t being cleared. It shows that the defect of the basic STA can be conquered instead of
that the operation time compared with the basic STA increases by about 10 percent by giving a frame
by the experimental result. Also, a thing with small processing cost is quantitatively shown to whatever
marker assignment it compares a frame assignment.

In the sixth chapter, the robust type STA which can let out the performance which is equal to the frame
use type STA without giving a frame is described. In the preceding chapter, it supported in recognition’s
adding a frame to the detection of the host image area with the difficult peripheral edge which isn’t
cleared in the basic STA. To add a frame sometimes damages the beauty of the host image depending
on the contents and the use of the host image. Therefore, in case of practical use, it is desirable that the
image area can be detected by the peripheral edge to the image of the peripheral edge which isn’t cleared,
too. In this chapter, it adds improvement to the basic STA and the robust type STA which detects a
host image area right to the image of the peripheral edge which isn’t cleared, too, is described. By the
experiment, this way shows to have the detection performance which is equal to the frame use type STA.

In the seventh chapter, an application to the movie of the robust type STA. At the movie, because the
box periphery of the movie display is a quadrangle, it describes that there are a quadrangle of the host
image periphery and a problem to falsely recognize in the quadrangle of the box periphery. The thing
which the chase to identify a quadrangle in the movie in the direction of the temporal axes can solve is
shown in this problem. It describes that it reviews what is good for the image characteristics quantity
to use for the chase and that it uses an all sides ratio and a length around. This image characteristics
quantity shows a valid thing by the experiment to chase a quadrangle in the movie.

In the eighth chapter, an application to the circularity of the basic STA is described. As for the basic
STA, it describes that it is possible to use for circular detection easily and STA for being circular shows
a high-speed thing in ten thousand times compared with Haugh transform which detects circularity by
the experiment.

In the ninth chapter, it introduces that a basic STA, a frame assignment type STA, a robust type STA
and a movie compatible STA are used for the practical use service. Also, it introduces to be quoted from
the image identifying paper, too, in addition to the digital watermark paper, being academic.

It organizes about the problem to have gathered the result of this research last in chapter 10 and to

have been left and it makes the summary of this paper.
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