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ABSTRACT

This paper presents a study of a method for estimating the position
and orientation of a photo-shoot in indoor environments for aug-
mented reality applications. Our proposed localization method is
based on registered frame data of virtualized reality models, which
are photos with known photo-shoot positions and orientations, and
depth data. Because registered frame data are secondary product
of modeling process, additional works are not necessary to create
registered frame data especially for the localization. In the method,
a photo taken by a mobile camera is compared to registered frame
data for the localization. Since registered frame data are linked with
photo-shoot position, orientation, and depth data, 3D coordinates
of each pixel on the photo of registered frame data is available. We
conducted experiments with employing five techniques of the esti-
mation for comparative evaluations.

Index Terms: H.5.1 [Information Interfaces and Presentation]:
Multimedia Information Systems—Artificial, Augmented, and Vir-
tual Realities; 1.4.8 [Image Processing and Computer Vision]:
Scene Analysis—Sensor Fusion, Tracking

1 INTRODUCTION

Augmented reality applications need to estimate the position and
orientation of the application user or the camera to render virtual
objects. Image-based tracking can realize highly accurate estima-
tions of the camera position and orientation in real time [1]. Image-
based tracking system usually create own temporal coordinate sys-
tem, and be used for AR applications work in narrow area (e.g.
desktop AR etc.). Moreover, combination of image-based track-
ing and (re-)initialization can realize AR applications work in wide
area (e.g. human navigation etc.). With regard to indoor position-
ing, techniques based on Wi-Fi or RFID and IrDA (infrared data
communication) have been developed [8] [9]. Many of these tech-
niques are in practical use, but as they require a physical infras-
tructure (e.g., tags, base stations), an infrastructure database (e.g.,
infrastructure arrangement, radio field intensity), or both, there is
the issue of how to reduce installation and maintenance costs.

In this paper, we present a method for estimating the position
and orientation of a photo-shoot using virtualized reality models,
as one of an initialization method for indoor environments. Figure
1 shows an outline of the proposed method. This study uses reg-
istered frame data of virtualized reality models, which are photos
with known photo-shoot positions and orientations, and depth data.
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Figure 1: Qutline of the proposed method.

Because registered frame data are secondary product of modeling
process, additional works are not necessary for creating registered
frame data. In the proposed method, a photo of real environment
taken by a mobile camera is compared to registered frame data. For
the estimation procedure, the greatest benefit of registered frame
data is that 3D coordinates of each pixel on the photo of registered
frame data is available.

2 CAMERA POSITION/ORIENTATION ESTIMATION USING
VIRTUALIZED REALITY MODELS

As a first step of this study, we apply three different techniques to
estimate camera position/orientation, namely a technique using fea-
ture points, a technique using edge information, and a technique us-
ing surface information. A detailed description of these techniques
is given below.

2.1 Technique using feature points

Firstly, registered frame data are prepared. Next, the feature points
from both the input image and registered frame data are extracted
and matched, and a set of 2D coordinates for the feature points of
the input images and 3D coordinates for the feature points of the
images that have been matched to those points is obtained. Lastly,
the camera position/orientation is estimated using robust estimation
with RANSAC [10] from a number of 2D and 3D coordinate sets.
The techniques used for the detection of feature points are SURF
(Speeded Up Robust Features) [2], ORB (Oriented FAST and Ro-
tated BRIEF) [3], and FREAK (Fast Retina Keypoint) [4].

2.2 Technique using edge information

The virtualized reality model used in this study is made up from
textured polygons. Each polygon edge can be assigned the prop-
erty of being a structure edge. An example of a structure edge is
shown in Figure 2. In this method, edges are first detected in the
input images, and structure edges generated from the model are ob-
tained. Multiple camera parameters for the projection of the edges
are then generated, and the structure edges obtained from the model
are projected onto the input images. Finally, the errors between the
detected edges and the projected edges are evaluated with the re-
spective camera parameters, and the smallest projection error above



274

—
(o]

2 RER
e —

Figure 2: Left: An example of the image. Right: Examples of the
edges on the structure.
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the threshold is taken as the camera position/orientation estimation
result. We use Canny Edge Extractor [5] for the detection of edges
in the input images, and the evaluation values are obtained through
the Tukey method [7].

2.3 Technique using surface information

This study takes the mutual information evaluation values [6] as
surface information. First, multiple camera parameters are gener-
ated, and mutual information estimation values are calculated using
input images and the template images projected with the respective
camera parameters. Then, the camera parameters giving the high-
est estimation value are used as the position/orientation estimation
result.

3 EXPERIMENT

Two scenes were prepared in the experiments, and the camera po-
sition/orientation was estimated using the input images and regis-
tered frame data for each of these scenes. Examples of the images
included in these scenes are shown in Figure 3. In the following,
we use “key frame” as images used for creating registered frame
data. Images shot with an Apple iPad2 (resolution : 768 x 1024 pix-
els) were used in a reduced format of 180x240 pixels to shorten
the processing time. For scene 1, we used 34 images shot around
a stack of plastic boxes, and for scene 2, we used 20 images of the
plastic boxes taken from different angles. Registered frame data for
scene 1 were created using the images nearest the camera param-
eters for the tenth frame, and for scene 2, the images nearest the
camera parameters for the seventh frame were used. We created
reference values of input images with manually-positioned corre-
sponding points.

We compared the estimated camera position/orientation and the
reference values, and evaluated virtual object projection errors [11]
shown in Figure 4. In scene 2, the number of frames where es-
timation was successful for techniques using feature points was 5
for SURF, 1 for ORB, and 0 for FREAK. The projection errors re-
main almost unchanged with SURF. When using edge information
and mutual information, position errors and orientation errors de-
crease near frames 10-15 and increase further away. This may be
because the camera parameter reference position at the time of the
template or edge projection is close to the camera parameters near
10th frame. On the other hand, in scene 3, estimation using feature
points failed for all 20 frames because the number of the feature
points of the key frame was not sufficient.
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4 CONCLUSION

In this paper, we described a photo-shoot localization method based
on registered frame data of virtualized reality models. The results
of the experiments show that, of the techniques using feature points,
SURF is most suitable for estimation, and that by combining a tech-
nique using feature points with a technique using mutual informa-
tion, there is the potential to expand the extent of where the camera
position/orientation can be estimated.
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