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In the future, I will live in a society in which images of the real world are constantly
being recorded by surveillance cameras installed everywhere and in-vehicle cameras in
automobiles. The number of cameras in our society will continue to increase in the future.
However, it is not only the number of cameras that will increase. In recent years, cars
that are designed for automated driving are equipped with not only cameras that observe
the real world in two dimensions, but also LiDAR that observes it in three dimensions.
This example shows that it is essential to have a wide variety of sensors to constantly
observe the real world. Furthermore, until now, images obtained from cameras have
been used as closed data only by specific organizations such as the owner of the camera.
In recent years, however, there has been a growing trend toward open data.

With this background, I can expect that the era of open data will come in a society
where a wide variety of sensors are ubiquitous in the city. In this research, I have started
development of an application framework SIGMA (Spatiotemporal Images with
Generalized Management Architecture), which collects and stores observation data as
open data. In this paper, I describe the development of SIGMA. In this dissertation, I
describe the design and implementation of the SIGMA framework, and the advanced use
of observation data using this framework.

The goal of this framework is to provide a mechanism to centrally manage a large
amount of observation data that is spatially and temporally ubiquitous, and to make it
available to various applications via networks. This observation data is called
"spatiotemporal imagery data" in this research. In order to share the spatiotemporal
imagery data, I have studied four main mechanisms: registration, storage, retrieval, and
utilization. I designed a retrieval mechanism "SIGMA Retriever", which is one of the

core mechanisms to realize our framework, and attempted to propose a retrieval method



for spatiotemporal imagery data using the characteristics of sensors. However, there are
many kinds of sensors, and it is impossible to construct a system that covers all of them.
Therefore, I limited the sensors to cameras. The proposed method is based on image-
based modeling and rendering (IBMR), which is a content generation method using
multi-view geometry. After systematically summarizing the methods, I proposed a
retrieval method for images captured by a camera that takes advantage of the features
of the camera, and designed a database that enables the method. The usefulness of the
designed retrieval method was confirmed by extracting images necessary for generating
3D models and panoramic images, which are examples of IBMR, from a database of
images taken of the clock tower of the old Kamakura Station.

Simultaneously, in this dissertation, I study not only the approach from the system
design perspective but also the approach from the usage perspective. As an example, I
propose a photo stitching method to solve two kinds of blind spots on a camera image at
the same time. Blind spots due to the viewing angle can be eliminated by employing a
special optical system or by stitching multiple viewpoint images. On the other hand,
blind spots due to occluding objects can be eliminated by diminished reality (DR)
technology, which visualizes occluded areas by replacing occluding objects with hidden
area images. However, these blind spots could occur at the same time, so that it is
inefficient to solve two problems separately. Therefore, I considered a method for solving
both types of blind spots simultaneously by extracting common ideas between photo
stitching and DR technologies. As a result, I found that the method which defines
stitching seams with a mask images of occluding objects can generate a wide-field image
without occluding objects.

Finally, I used the prototype SIGMA framework to search for hidden background images
for the exterior lights in the generated panoramic images, and confirmed that the

exterior lights can be visually removed.



