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Abstract
This paper describes a method for annotating the real
scene image sequences with 3-D virtual objects based on
image recognition. In order to annotate the real scene with
3-D virtual objects, we have to know not only where is user
seeing from, but also what is user seeing. Therefore, we
are trying to combine simple image recognition method
with a vision based video see-through mixed reality system.
In this presentation, it is proposed the method for starting
estimation of camera position and orientation using image
recognition result. Our demonstration system is a 3-D
poster of this research that is a real paper poster
annotated with 3-D virtual objects using proposed method.
Keywords: 3-D annotation, wearable system, real-time
system

1 Introduction
Mixed Reality (MR) environment[1] has attracted much
attention, because it enables us to add information on the
real environment [2,3]. Some applications of MR require
registration between virtual objects and the real
environment. Most of these applications assume that the
unique reference coordinate system is set in the real
environment[4-7]. Virtual objects are described using the
reference coordinate values. In this case, virtual objects are
related to positions of the real objects, not to real objects.
Therefore, when the annotated objects are moved, the
position of the annotated object has to be tracked. It is very
difficult to track all of annotated objects in the real
environment. In order to annotate real objects, the
reference coordinate system should be set on each object
and the system has to acquire the reference coordinate
values of the user’s viewing position.
3-D position sensors, such as magnetic and ultra-sonic
sensor, consist of two parts. One is the transmitter of
magnetic field or ultra-sound, the other is the receiver of
them, such as coils or microphones. These sensors acquire
the relative positions of receivers to the position of the
transmitter. Therefore, in order to annotate the real objects,
all of the annotated real objects have to be set these
receivers.
On the other hand, vision-based tracking method
estimates the viewing position from the 2-D positions on
the image plane (the screen coordinate values) of known
feature points. This method doesn’t need to set anything to
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Figure 1 ： multiplied histogram using
polar coordinate transform
the annotated real objects. There is potentially no limitation
in its measuring area. However, this method needs to find
annotated objects and to track the known feature points
only from images. It is difficult to acquire the screen
coordinate values of the known feature points accurately
because of noise, change of lighting condition and so on. It
is also difficult to track the feature points stably because
they are often occluded or go out of the view. Therefore,
traditional vision-based tracking method uses fiducial
markers or matrix code to recognize the annotated object
and to track known feature points [4-7]. However, these
methods need to set fiducial markers to the annotated
objects. Therefore, we try to use color information to
recognize annotated objects that are not set fiducial
markers on. Our method also uses a vision-based tracking.
An inertial motion sensor is used to make a vision-based
tracking robust. Inertial motion sensors can acquire only its
orientation, but they don’t have a pair of transmitter and
receiver.

2 Multiplied color histogram
A lot of methods for image matching have been
proposed. We focus on the color histogram matching[8].
Color histogram matching is stable and their calculation
cost is low. However, its accuracy of matching is not so
higher than that of the template matching, because color
histogram matching is not to use the positional relation of
the pixel. Therefore, our method divide scene image into
plural parts and calculate histograms of each part. Then,
these histograms are used for comparison of scene images.

In this paper, these histograms can be defined as
“multiplied histogram”. In order to create a multiplied
histogram that isn’t affected by the rotation of images, the
polar coordinate transformed images are divided along the
direction of radius (See upper side of Figure 1). Multiplied
histogram that is created such as lower side of Figure 1 can
be used to acquire the rotation angle between two images
capture the same area.
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3 Annotation with 3D Virtual Objects based
on scene image recognition
Our method synthesis images by the following step:
(1) A list that has sets of annotated scene information is
prepared. A set of annotated scene information contains the
scene image, 3-D positions of some feature points and
multiplied color histogram.
(2) Scene images captured from user’s viewpoint
(viewing scene image) are compared with annotated scene
images using multiplied histogram matching. Similarity is
calculated at each position and each rotation angle of
viewing scene image. When the similarity is higher than a
threshold, the system recognizes that users are seeing the
annotated real object.
(3) Feature points registered in an annotated scene image
are searched from viewing scene image using matched
position and rotation angle. Screen coordinate values of
known feature points are acquired. Found known feature
points are tracked using Lucas-Kanade’s feature points
tracking method[9].
(4) Candidates of the model-view matrix are calculated
with methods for a Perspective n-Points problem[10,11].
Then the model-view matrix is selected from these
candidates using reprojection of the feature points and
orientation data from inertial sensor.
(5) The system render 3-D interactive virtual objects
using estimated model-view matrix. Rendered virtual
objects are overlaid on viewing scene image.

4 Experiment and Discussion
The proposed algorithms are implemented on a PC. It
was found that an experimental system that is based on the
proposed method can merge 3-D virtual objects into a 3-D
real environment at right position. In Figure 2, the paper
poster is annotated with virtual stuffed toy. When a user
sees the annotated poster, the system recognizes this scene
as annotated poster and virtual toy is displayed. This
system can synthesize virtual and real images at 10 frames
per second. In this system, 64 colors are used to make
multiplied color histograms. The Bayer s dithering
algorithm[12] is used to reduce the number of colors.

5 Conclusion
We have proposed a method for annotating the real
object with 3-D virtual objects. The proposed method can
recognize the annotated scene images, find and tracks
natural feature points using a multiplied color histogram
matching. The model-view matrix calculation method

Figure 2: execution example (3-D poster)
consists of three algorithms for PnP problems. The
experimental system using the proposed method works at
10 frames per second. This system shows the potential
ability of interactive 3-D annotation with virtual objects.
In the future work, we should make error analyses of the
proposed method and improve in accuracy and robustness.
We should also investigate a method that can recognize the
annotated scene image of different scale.
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