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Development of geographical shape measurement system and searchable
1mage data extraction system using image recognition technologies and
business development of the systems based on a customer development
model analysis.

Abstract

This thesis describes business developments for two systems that use image recognition
technologies based on algorithms that extract image feature points from various image data and the
commercialization of the systems by a start-up company called Amoga Imaging, Inc. The novelty of
the systems developed is as follows:.

1. Successful software implementation of algorithms that construct three-dimensional mapping by
extracting image feature points from a large number of images of sand dunes and detecting
corresponding feature points in the images.

2. Successful use of a method that adds meta-data to a digital image to aid detection of that
digital image. The meta-data is added as a “Retrieval Tag”, through the “Key Words” that shows the
characteristics of the image. This method made it possible to provide the world’s first service
capable of automatically analyzing massive libraries of digital images and photos on the internet
and individual computers to easily extract relevant images and photos.

This thesis is composed of nine chapters.

Chapter 1 describes the background and goals of this thesis, including the author’s realization—
while working on a project that monitors changes in the structure of natural sand beaches at
Enshu-nada, conducted by the Ministry of Internal Affairs and Communications—of the importance
and potential of natural terrain measurement using three-dimensional geological configuration
software. The development of high-level software to measure natural terrain is the first objective of
this research. However, with this narrow focus, the author recognized that it would not be easy for
the company to make rapid progress in the industry. The author envisaged a corporation that
capitalized on image recognition as its core technology and remained at the cutting edge through
constant research and development. Another software development would be needed to support the
commercialization of the company. After a variety of investigations, the author set as a second
objective the development of an image data extraction system using image recognition technologies.
Business development of both systems by using a customer development model analysis is also a
key goal.

Chapter 2 describes the state of image recognition technologies and compares existing image
recognition algorithms. Image recognition technology in this thesis refers to the technology that
analyzes a digital image, constructs the algorithm that detects and recognizes objects and features
of the digital image, and implements it as software. Image recognition technologies are the eyes and
brains of computers that support the highly networked information society. It is expected that the
application of image recognition technology will expand, and the businesses succeeding image

recognition technology have the potential for great expansion. For the image recognition technology
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necessary for three-dimensional structure measurement, the algorithm to extract feature points
that represent the image is important. There are a variety of image recognition algorithms for
different purposes, and this thesis explains the process of deciding on an algorithm.

Chapter 3 outlines the customer development model for the business development of this image
recognition technology. The customer development model relies on research and development of the
customer before completion of research and development of the product, in order to reduce the risk
of not selling the product. The customer development model is used in this thesis because it is
regarded as the world’s cutting-edge program for business development.

Chapter 4 describes the development of the three-dimensional geographical structure software
and the result of its verification. Image feature points had to be extracted manually with the naked
eye because brightness in sand beach images under natural environmental conditions varies
smoothly, and there are few feature points to specify three-dimensional locations. As a result, it was
difficult to automatically extract feature points to determine three-dimensional structures from the
image data. This thesis clearly describes that in order to extract feature points automatically using
the three-dimensional geographical structure measurement system, it is necessary for the following
three conditions to be satisfied:

a) Gentle brightness variations in sand and edges of debris or small stones should be extracted as
feature points.

b) At least 1000 feature points should be extracted for the reconstruction.

¢) Feature points should be extracted every ten centimeters of the image area thoroughly in a
mesh form.

The software developed is able to automatically measure three-dimensional structures and extract
feature points of sand beach images by taking the fourth discrete wavelet transformation algorithm.
The author obtained digital images before and after the influence of a weather condition (typhoon),
measured geographical structures by the software developed at the sand beach, tested the result
through a field survey, and confirmed that beach nourishment sand was carried in.

Chapter 5 describes the business evaluation and the customer development for the geographical
shape measurement system enabled by the developed software. The customer development
investigation revealed that structure measurement is required by law in order to respond to natural
disasters in cities, towns, and villages all over the Japan. Therefore, there is significant need for
geological structure measurement in dangerous places where people cannot conduct detailed
analysis. Hence, Amoga Imaging, Inc. decided to commercialize this system and sell it in
cooperation with a marine engineering research company. This chapter describes the progress and
the process of the commercialization.

Chapter 6 describes the development of the searchable image data extraction system using image
recognition technologies. In general, the number of images taken is huge; it is not efficient for a
person to write a tag for each image. The author applied the wavelet transformation used for the
development of the three-dimensional geographic structure software, developed an automatic

tagging system using image feature points, and dramatically enhanced the efficiency of finding
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digital image files. The author united an image with the auto recognized text tag, such as
photograph meta-data that were originally attached to the digital image, and systemized this
process in order to rapidly find a digital image.

Chapter 7 describes the business development of the image data extraction system using the
customer development model. It was found that a business model would be established if Amoga
Imaging, Inc. could provide a service that would enable customers to extract picture/image data
easily using a keyword. Analysis showed that around 1.8 billion people in the world would use this
service, and its growth potential is expected to be about 15% per year.

Chapter 8 describes the progress of the two streams of the business and the roadmap to success.

Chapter 9 is the conclusion of this thesis.
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