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Abstract

This thesis aims to propose a learning assistance tool on geospatial information technology (GIT). For
that purpose, we will propose the new conceptual structure of GIT, introduce the assistance tool
learning about that structure, report the teaching practices of introductory courses using that software,
and validate the result of those practices. Additionally, we will propose the schemata for three
applications in order to confirm that the modeling technology in GIT is useful for developing

applications regarding urban engineering.

Currently, in many countries, the use of geospatial data has become easier than before, as the
development of spatial data infrastructure (SDI), promotion of open data policy, and standardization
of geospatial data exchanges are progressing. In addition, lower price of commercial software and
easy access to open freeware became possible, and the development of geospatial applications is rather
easier than before. Meanwhile, object-oriented modeling technology adopted in the international
geographic information (GI) standards is used in order to respond to requests on information sharing
based on international cooperation, for example the International Hydrographic Organization (IHO),
the World Meteorological Organization (WMO), and the United Nations Food and Agriculture
Organization (UNFAO). In Japan, Geospatial Information Authority (GSI) published the Japan Profile
of GI Standards (JPGIS), and GSI is promoting its use. These facts indicate that GI standards will be
used more in the near future in the field of GIT. On the other hand, the number of engineers that can
make geospatial objects are not enough, and specialists who can develop applications in accordance
with GI standards are also insufficient. One of the reasons is that opportunities to learn data acquisition
and application development based on GI standards are quite few at least in Japan. Moreover, related

teaching materials are also not sufficient.

For the development of teaching material, we need to have a metamodel to illustrate comprehensive
architecture. Most of the Geospatial Information Science and Technology Body of Knowledge
(GIS&T BoK) is superior in terms of it covers knowledge in detail, however it has not been provided
as a metamodel for application development. Therefore, based on previous studies that the author has
done (Ota 2014; Ota and Plews 2015; Ota 2016, 2017), we first will try to schematize the conceptual
structure of GIT, which is a metamodel for the learning assistance software tool. For that purpose, we

refer to four different models in combination. They are 1) the four-level metamodel hierarchy used as



a reference model in the ISO GI standards (ISO/TC 211 2014a), 2) the deep structure and the surface
structure of cartographic data, proposed from the viewpoint of analytical cartography (Moellering
1980; Nyerges 1991), 3) the management structure for geospatial objects with metadata, and 4) a group
of consistent GI standards provided by ISO/TC 211. This makes possible that knowledge system of
GIT is expressed as a group of implementable schemata. In addition, we construct the consistent
conceptual model by solving problems including inconsistency between knowledge areas that were
discovered during the process of software development. These facts will be advantages of our

conceptual model.

Next, GIT’s learning assistance tool called gittok, which refers to the conceptual model of GIT is
introduced. Currently, gittok consists of 40 software components. The purposes of development are
for assisting learning about GIT, and to confirm that the GI application implementation is possible
based on the conceptual model. We verified that gittok satisfies the capability required in the
introductory course of GIT by using three test items of functional suitability specified in ISO/IEC
25010 (ISO/IEC 2011). Incidentally, in 2014, gittok received the GISA award (software and data
division) from the GIS Association of Japan, and the electronic home land award (PC division) from

Geospatial Information Authority of Japan.

Then, we introduce the GIT’s introductory education practices using gittok. Two terms from fiscal
2014 to 2015 at Chuo University, and three times from fiscal 2016 as introductory course of Geospatial
Information Technology Education Course (GITEC) sponsored by the GIS Certification Association
(GISCA) have been practiced. Prior to these experiences, the author had conducted semester courses
mainly on the introduction to GI standards at The University of Tokyo for three terms from fiscal 2008
through 2010. Gittok did not exist during this period yet. However, that experience encouraged the

author to develop a GIT learning assistance software tool.

Furthermore, Kirkpatrick’s four-level evaluation model that has been widely used (Kirkpatrick 1979;
Rouse 2011) was applied to validate the effectivity of GITEC introductory course. We validated the
effect of education up to 3 levels, they are reaction, learning, and behavior. The fourth level (results)
is the stage of examining how much profit the organization to which the student belongs is obtained
by using the acquired knowledge. However, the purpose of GIT education is to introduce basic
knowledge and encourage students to learn GIT deeper. Therefore, we did not evaluate ‘results’, as a

direct influence on the organization’s interests is out of scope for education. Against the anonymous



questionnaire immediately after the course, 63% of the students responded “GITEC is interesting,
acquired knowledge is useful, and I want to learn GIT deeper”. And 29% of respondents answered
“GITEC is interesting and useful.” [Reaction]. Next, according to the tests conducted before and after
the course, it was confirmed by the t-test that there was a significant gain of knowledge (20 points
increase in average value, 16.6 points or more for 95% confidence interval) [Learning]. In addition,
we conducted the follow-up bearer questionnaires in April 2018 for all students who completed the
course since January 2016. The collection rate was 66%, and the respondents responded that the
acquired knowledge is useful (64%) or somewhat useful (32%) [Behavior]. According to these results

of validation surveys, we may conclude that introductory course using gittok have certain effectivity.

Meanwhile, application schema illustrated by Unified Modeling Language (UML) can help to
understand laws and rules at a glance. However, it seems that there have been few trials to represent
specifications by application schema in the field of urban engineering. Therefore, in order to show that
the modeling technology in GIT is useful for reviewing of application specification, we introduce an
application schema for the confirmation of frontage requirements, and an application schema to find
the buildable surface restricted by the slant line regulation. Then we propose the requirements for
improving the Guidance for Urban Planning GIS published by the Ministry of Land, Infrastructure

and Transport of Japan in 2005.

Finally, we conclude this research. We first proposed the conceptual structure of GIT, which is
consistent enough for implementing GI applications. Next, we developed the learning assistance tool
on GIT, which is called gittok. It also can be seen as an example of GI application in accordance with
the conceptual structure of GIT. Then, gittok was examined by the education practices, and it was
confirmed that introductory courses using gittok have certain effectivity. In addition, we introduced
three application schemata in order to confirm that the modeling technology is useful for specification
review for the field of urban engineering. However, gittok is still under development. Efforts to

improve the performance of gittok through education practices are required.
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1. Preface
1.1. Introduction

In this thesis, we introduce a software tool assisting the learning about GIT that has been rare so far.
Its effectiveness was validated by the practices of introductory education using this tool. Then, we will
introduce three application schemata regarding urban engineering to show that GIT is useful for this
research domain. In this chapter, as a preface of this thesis, the background and motivation of this

research will be described, then the primary contributions of this research will be introduced.

1.2. Background and motivation

Today, acquisition, sharing and reuse of geospatial data are becoming easier than before, mainly
because of the reduced costs and availability of software and hardware such as the Global Navigation
Satellite System (GNSS), the Unmanned Aerial Vehicles (UAV), sensors such as the laser scanner and
the multi-band digital camera, and mobile devices such as the Mobile Mapping System (MMS) and
smart phones. In addition, open data policies are promoted by governments, and the use of free GIS
packages as open-source software are becoming very widespread. These facts are evidences in the
enhancements to ubiquitous information services using maps, air-photos, satellite images, three-
dimensional images, Volunteered Geographic Information (VGI) (Goodchild 2007) and the Spatial
Data Infrastructure (SDI).

Meanwhile, in short, GIT is a technology for modeling phenomena occurring and disappearing in the
real world, analyzing the model, and visualizing the results for decision making. It is an
interdisciplinary field formed mainly by information technology (IT) and GI science. IT contains
object oriented technology, database, telecommunication, computer graphics, and so on. GI science
contains geodesy, cartography, hydrography, surveying, photogrammetry, remote and close-range
sensing, and so on. Moreover, unique research and development is being carried out in applied fields
of GI science such as geography, geomorphology, geology, meteorology, oceanography, urban
engineering, civil engineering, environmental studies, sociology, economics, disaster prevention,
crime prevention, lifeline management, and so on. In fact, the scope of GIT and related knowledge
areas are vast and more and more expanding because of the rapid progress of research and

development.



Therefore, we need to reconsider the structure of knowledge about GIT. This was the reason that
Geographic Information Science and Technology (GIS&T) Body of Knowledge (BoK) were proposed
by experts from the USA (DiBiase et al. 2006), Europe (Painho et al. 2007), South Africa (Du Plessis
and Van Niekerk 2014) and so on. In addition, we should keep in mind that the NCGIA Core
Curriculum in GIS (Goodchild and Kemp 1990) was widely adopted in universities and colleges in

the USA (Heywood, Cornelius, and Carver 2011).

In Japan, the Core Curriculum was translated in Japanese by Kubo et al. (Kubo 1993), and it has given
significant influence to the Japanese education on GI science. The initiative on Japanese GIS&T BoK
was undertaken by the research project "Development of geographic information science curricula and
sustainable web library systems for serving their contents" [Chair: Atsuyuki Okabe, The University of
Tokyo] from 2005 up to 2007. The Core Curriculum, the Strawman Report, and other materials such
as the GI standards provided by International Organization for Standardization Technical Committee
211 (ISO/TC 211) were referred for this research. Also, the research project "Geographic Information
Sciences Education and Spatial Thinking" [Chair: Yasushi Asami, The University of Tokyo] was
performed from 2009 to 2013. International conference on spatial thinking and geographical
information sciences was held from September 14 to 16, 2011 (Asami 2011). Moreover, the research
project "Development of open-access e-learning material for GIS education based on the existing core
curriculum and body of knowledge" [Chair: Takashi Oguchi, The University of Tokyo] is running
from 2015 to 2019. The Japan Society for the Promotion of Science (JSPS) has been funding all

projects. The author has been a member of these three projects.

Meanwhile, geographic information standards have been investigated by ISO/TC 211 — Geographic
information/Geomatics since 1994, and Japan has actively contributed as a participant member with
voting rights. The author had contributed as an expert of ISO/TC 211 since 1995 till 2005, and has
been a member of Japanese domestic committee to ISO/TC 211 since 2006. More than 70 standards
have been enacted by 2018. By many international organizations and countries, the standards are being
used as metamodels to create domain specific standards and specifications. In fact, there are many
examples such as the standard of geographic data files (GDF) for Intelligent Transportation System
(ITS) by ISO / TC 204 (ISO/TC 211 2011a), the universal hydrographic data model (S-100) by IHO
(IHO 2017), CityGML for the three-dimensional modeling of a city provided by Open Geospatial
Consortium (OGC) (Groger et al. 2012), and IndoorGML for indoor navigations also provided by
OGC (Lee etal. 2018.), and so on.

10



In Japan as well, the international standards provided by ISO/TC 211 have adopted as the Japanese
Industrial Standards (JIS). The Japan profile of geographic information standards (JPGIS) as a subset
of these standards (http://www.gsi.go.jp/ENGLISH/page e¢30210.html accessed 2018-04-20) was
released from the Geospatial Information Authority of Japan, and the data product specifications

conforming to JPGIS for application domains are widely used.

Furthermore, European Union (EU) published the Directive 2007/2/EC for establishing an
Infrastructure for Spatial Information in the European Community (INSPIRE) (EU 2007). Japanese
government enacted “Basic Act on the Advancement of Utilizing Geospatial Information” in the same
year (Murakami 2008). These laws encourage to use GI standards for multi-purpose utilization of
geospatial data.
Meanwhile, according to Geospatial Information & Technology Association (GITA),
“Approximately 70 to 80 percent of the information managed by business is somehow connected to
a specific location—an address, street, intersection, or "xy" coordinate. Therefore, geospatial
technology is finding its way into every corner of the business world. And, because the technology's
uses are so widespread and diverse, the geospatial market is growing at an annual rate of almost
35 percent. The commercial subsection of this market is expanding at a phenomenal rate of 100

percent each year.’

(http://www.gita.org.au/geospatial.php, accessed 2018-01-10)

In addition, in accordance with Geospatial Technology Competency Model (GTCM) provided by
United States Department of Labor (DiBiase et al. 2010), workers in the industry sector are expected

to have competency of software and application development.

These facts indicate that the education in terms of the number of persons who have knowledge of GIT

is a pressing problem for effective developments of GI applications.

Several worthy efforts to provide education on the GI standards can be identified. There is the report
on ‘Teaching GI standards in higher education’ (Reinhardt 2005). The advisory group on outreach in
ISO/TC 211 published the Standards Guide (ISO/TC 211 2009). However, the academic environment
for learning GIT and GI standards seems to be not yet matured enough. In the case of Japan, several
developments of GI systems and educations, for example (Tani 2009; Hatayama et al. 1999), have

been conducted and each has proved their achievements. However, they do not take into account GI

11



standards deeply. In the case of EU, LINKVIT project, for example, developed the comprehensive
education course as a vocational training course for professional engineers and postgraduates mainly
focused on the topics such as SDI, INSPIRE, geoportals, data harmonization and open data
(Vancauwenberghe and Vandenbroucke 2015). LINKVIT is an abbreviation of ‘Leveraging INspire
Knowledge into Vocational Innovative Training’. This education is worthwhile for the dissemination
of the knowledge required to realize the SDI in compliance with INSPIRE directive. However, it seems
to be provided for professionals who already have knowledge of GI applications, and not for beginners,

for example, students in higher education institution.

The basic forms of education are lectures and exercises. Especially hands-on exercises using learning
assistance tools are effective to get the skill. Therefore, in order to learn GIT, the assistance software
tool is essential. However, at least, based on the Internet research, the author could not find a software
tool aimed specifically at introducing the knowledge of GIT based on GI standards (Ota and Plews
2015).

Therefore, this thesis aims to provide the all-in-one software for beginners to assist for learning about
GIT based on GI standards. The software tool developed for learning about GIT is called ‘gittok’
(Geospatial Information Technology TOol Kit). ‘Gi’ in gittok is pronounced ji’ such as giraffe, ginger,

Gibraltar, Gina and Giovanni.

1.3. Contributions

The primary contributions of this research are 1) to propose the conceptual structure of GIT, 2) to
introduce the learning assistance tool of GIT based on its conceptual structure. This tool was validated
its effectivity by the four-level evaluation model. In addition, 3) we will propose three application
schemas regarding the urban engineering in order to confirm that GIT is useful for developing GI

applications.

1.3.1. Schematization of GIT

The first major contribution of this research is to propose the new and original conceptual schema of
GIT which is useful as a basis of GI applications. Schema means a formal description of a model
(ISO/TC 211 2014a) described in the conceptual schema language. We use Unified Modeling
Language (UML) for schematization in this thesis, as ISO/TC 211 uses UML for the formal description
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of GI standards. There have been few previous researches to investigate the conceptual schema of GIT
that is used for designing a GI application architecture. In this thesis, the conceptual schema of GIT is
called the concept map. It is modeled in accordance with 1) the four-level metamodel hierarchy, 2) the
deep structure and the surface structure of cartographic data, 3) the management structure for
geospatial objects with metadata, and 4) GI standards provided by ISO/TC 211. The resulting
knowledge system is specified in detail by UML class diagrams and unique function diagrams, so that
the knowledge contained in GIT and their relationships can be systematically understood. Most of the
GIS&T BoK are well structured descriptions of knowledge areas, however it does not specify the
metamodel for application developments. Therefore, the concept map of GIT is a breakthrough idea

for using GIT BoK as a design pattern for GI applications.

In addition, we make three unique contributions to reinforce the organization of GIT structure. The
first is to clarify ‘modeling’ as the knowledge area in GIT. The term ‘model’ is defined as an abstraction
of some aspects of reality (ISO/TC 211 2015b). Modeling in this thesis is a function to define
geospatial features and their relationships as a conceptual model. The second is that we introduce a
feature without geometric attributes that is called ‘virtual feature’. It enables to extend the capability
of GI applications, for example, by one dimensional map called a list. The third is to propose the
consistent conceptual structures for designing of application components by introducing new
metamodels, for example, the general portrayal model (GPM), which were not clearly described in the

GI standards.

The merits of a conceptual structure of GIT proposed in this thesis are shown as follows.

- Itis useful to understand the whole image of GIT.

- The paradigm of GIT is expanded by the adoption of an object-oriented technology.

- Consistent application development and data acquisition will be possible, because the entire
structure of GIT introduced in this thesis is modeled under the consideration of the consistency

between different knowledge areas.

The originalities of a conceptual structure of GIT proposed in this thesis are shown as follows.

- Virtual feature without spatial attributes, instance models for gazetteer and list are introduced to
realize the consistency of the structure.

- One dimensional geospatial representation by a list is introduced to expand the paradigm of GIT.

- Metamodels such as the general metadata model, general instance model, general portrayal model
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and general list model are defined to add the completeness of the structure of GIT.
- Difference between cartographic objects and cartographic products are clarified in the structure of

GIT. Cartographic product is a final output of GI application systems.

There have been few approaches referring to GI standards critically for the consideration of the
architecture of GI applications. The reason seems to be that the standards have only been understood
as the rules for geographic data interchange. However, according to the scope of ISO/TC 211, the
standards may specify, for geographic information, methods, tools and services for data management
(including definition and description), acquiring, processing, analyzing, accessing, presenting and
transferring such data in digital/electronic form between different users, systems and locations
(https://www.iso.org/committee/54904.html accessed 2018-07-03). Therefore, we may consider the

architecture of gittok by referring to GI standards.

1.3.2. Software tool for learning about GIT

The second major contribution is to provide GIT learning assistance software called gittok as an
application system based on the conceptual map of GIT. The current status of introductory education
on GIS is typically ‘learning with general-purpose GIS’, however gittok is an all-in-one software
specialized for ‘learning about GIT’ (Ota and Plews 2015). Because, there are few applications
specialized for the introductory course of GIT. As already mentioned, the society needs the experts
who have skill to develop and maintain the GI applications including general-purpose GIS, SDI and

software for specialized purpose referring to the GI standards.

1.3.2.1. Expected merits from learning about GIT
We can expect merits from learning about GIT at least for five types of persons. At first, as gittok is a

tool aiming at grasping the overall picture of GIT, it will provide merits for students who want to

understand this field. In this research, it was confirmed that students can obtain certain knowledge by
educational experience at Chuo University (Ota and Plews 2015). The detail report is found at the

section 9.3.

On the other hand, this education also brings merits that engineers can improve their knowledge by

confirming the overall picture of GIT that is based on GI standards. For example, the GI standard

specifies that the application schema included in the data product specification shall be described with
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UML as the conceptual schema language (ISO/TC 211 2007b). Learning the modeling knowledge in
the introductory course will provide basic skill to attendees. In fact, most of the people who attended
the education course organized by GISCA gained their knowledge. It was confirmed by the
comparison between pre-test and post-test (Ota 2017). The verification of the education for developers

is described in detail at Chapter 9 and Chapter 10.

In addition, it will be beneficial for researchers who are interested in "Learning about GIT" to
reconfirm their own knowledge, and to use gittok as one of the teaching materials. However, we should
seek additional opportunities to evaluate this learning, and we should improve not only gittok but also

slides and texts for lectures and exercises.

In the meantime, collaboration of experts from multiple fields is required in order to solve today's

social demands that are becoming complicated. The family of GI standards are published to be the
common language for experts to consider the specifications and dataset acquisition for NSDI and GI
applications. Members in the collaboration work should know the common language by learning about
GIT. The learning material such as gittok will be able to contribute to lead easier understanding of

such a skill.

Finally, decision-makers need to measure the investment effect of the project. However, in order to do
the prediction and evaluation, they are required to have literacy on GIT. It will be preferable to

enlighten them by using an appropriate learning assistance tool in order to get the literacy.

1.3.2.2. Gittok

As already mentioned, the purpose to develop gittok is to provide an assistance tool for the
introductory education for learning about GIT. It is difficult to learn a whole image of GIT without
exercises using a learning assistance software. Because, most of the knowledges on GIT are
‘procedural’. However, it is not possible to obtain sufficient knowledge by taking an introductory
course only, but there is no doubt that this is the first step to gain knowledge deeper. Therefore, gittok
aims that student are able to get the desirable experiences and they will have minds that they want to
obtain further in-depth knowledge, after taking the course.

As unique characteristics of gittok, all knowledge areas in GIT are separated in components under the
main component (title page), and they are divided into sub-components those represent knowledge

units. Currently, the total number of sub-components is 40. This hierarchical structure helps learners
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grasp where they are learning. Moreover, since the consistency of data exchanged between
components is ensured, there is no need to take time for converting the format of data, and no missing
of information occurs. At least by the Internet research, we could not find similar learning assistance

software.

Actually, “learning about GIT” will be possible by the computer science/information-related
departments will collaborate more actively with geography-related departments (Kawabata et al. 2010).
Gittok aims that student are able to get the desirable experiences and they will have minds that they
wish to obtain further in-depth knowledge related to IT and geography. Therefore, gittok can be
expected to be a breakthrough toward the comprehensive GIT education realized by multidisciplinary

collaboration between geography related departments and IT-related departments.

1.3.2.3. Validation of education effectivity

The third major contribution is that the education method using gittok was validated its effectiveness.
The education practicing with gittok has been confirmed through the semester-long courses organized
by Chuo University (2014 - 2015) and the open seminars held by GIS Certification Association
(GISCA) in Japan (2016 -). The author took charge of these education classes as the lecturer. The
introductory courses by GISCA called Geospatial Information Technology Education Course (GITEC)
were held three times from January 2016 to May 2017. The length of each course was 3 days (21

hours). Almost all students are beginners of GIT and engineers working at the GIS related industry.

We used four-level evaluation model (Kirkpatrick 1979) for the evaluation of GITEC introductory
course. This evaluation model is one of the well-known learning evaluation approaches. According to
this model,

i. Reaction (how learner feel about instruction),

ii. Learning (learner’s performance on in-class test),

iii. Behavior (acquired knowledge are used or not after graduation), and

iv. Results (organizational benefit such as improvement of working efficiency)

are measured.

However, it is hard to measure the results such as cost reduction only by this education, because the
purpose of the introductory course is that students will get the image of GIT as a preparation for

learning the deeper knowledge. Therefore, we validate the education effectivity by reaction, learning
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and behavior.

1) Reaction

Questionnaire has been conducted to evaluate educational effects at the end of each course. 63% of
students responded that the education is interesting, useful and they want to learn GIT deeper. And
29% of respondents answered that the education is interesting and useful. In fact, 55% of completed

graduates participated in the intermediate level courses held after.

2) Learning
The pretest and the posttest are performed to measure learning gain. By the t-test, it was confirmed
that there was a significant gain in the average of the posttest by comparing with the average of the

pretest (p-value = 0, the gain of mean value is 20, 95% confidential interval is (16.6, ©)).

3) Behavior

In April 2018, anonymous follow-up questionnaire was carried out targeting all completed graduates
(38 persons). 44% of the first completed graduates responded the questionnaire, despite that the first
education course was held two years and three months before. While, the total response rate was 66%.
96% of respondents (63% of all completed graduates) responded the knowledge gained by the course

are useful or somewhat useful for their activity.

1.3.3. Applications of urban engineering

Modeling technology in GIT is expected to be useful to describe phenomena occurring in the urban
area. We proposed an application schema to confirm the frontage requirements, and an application
schema to find a buildable surface restricted by the slant line regulation. Then we proposed the
requirements that should be considered when improving the Guidance for Urban Planning GIS
published by the Ministry of Land, Infrastructure and Transport of Japan in 2005. These examples

and proposal will be expected to be useful for improvement of applications on urban engineering.

We constructed the new conceptual structure of GIT, and based on it, the software for learning about
GIT called gittok was developed, then the introductory educations were practiced by using gittok since
2014. And those courses were validated the effectivity by the three levels of evaluations: reaction,

learning and behavior. Moreover, we introduced three application schemas regarding the urban
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engineering in order to show that GIT will be useful for developing GI applications. Through these
research activities, we may conclude that gittok will bring breakthrough method for learning about

GIT.
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2. Schematization of GIT
2.1. Introduction

We discuss and propose a framework for conceptual schema of GIT in this chapter. We try to confirm
the definition of the ‘geospatial information technology (GIT)’ and the ‘geographic information (GI)
standards’ at first, because they are important keywords used in this thesis. Then, we define a matrix
to show the conceptual schema of GIT, which consists of four rows by referring the four level
metamodel hierarchy (meta-metamodel, metamodel, model, and object) (ISO/TC 211 2014a) and
three columns by referring the structures of geospatial object in the deep structure, the structures of
cartographic object in the surface structure (Moellering 1980; Nyerges 1991), and the management
structure using metadata as information about a resource (ISO/TC 211 2014b). This matrix is called

the ‘concept map of GIT’.

In addition, each element in the concept map associates with functions exchanging objects between
other elements or outside of the application domain. Functions represent knowledge areas in GIT, they

are modeling, acquisition, management, analysis, exchange and representation.

Most of the BoKs are well structured description of knowledge areas, however it does not specify the
metamodel for application developments. Advantage of the concept map of GIT is that it can be used
as the metamodel for the specifications of GI applications and geospatial objects. Therefore, the

concept map of GIT enables GIT BoK for use as a design pattern for GI applications.

By the way, we should use the terms ‘data’ and ‘object’ carefully. Generally, data is a set of values
stored in the computer device. While, according to ISO 19107 (ISO/TC 211 2003a), object is,
“Entity with a well-defined boundary and identity that encapsulates state and behaviour [UML
Semantics [17]].
NOTE This term was first used in this way in the general theory of object oriented programming,
and later adopted for use in this same sense in UML. An object is an instance of a class. Attributes

and relationships represent state. Operations, methods, and state machines represent behavior.”

In the context of object-oriented technology, object is an instance of a class. Object consists of states

and behaviors. Classes are extensible templates for creating objects, providing initial values for
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instance variables and the bodies for methods (Bruce 2002). In this thesis, state is reworded as attribute,
association or inheritance. A method in a feature is reworded as an operation in accordance with UML.
Operations are algorithms for various purposes, for example, spatial analysis, data format conversion,
and attribute reliability evaluation. Meanings of ‘data’ and ‘object’ are sometimes vague in existing
documents. Therefore, to understand the meaning of them clearly, we need to care the context around

these terms.

In the following sections, we will try to confirm the definition of GIT and GI standards. Then, we will

define the concept map of GIT.

2.2. Gl Technology (GIT)

As far as technology is a collection of knowledge, we should consider the meaning of knowledge at
first for the construction of a conceptual structure of GIT. According to the Oxford English Dictionary,
knowledge is defined as “facts, information, and skills acquired through experience or education.”
Facts and information are declarative knowledge, while skill is procedural knowledge. Declarative
knowledge represents factual information. And, procedural knowledge, on the other hand, represents
‘know-how’ (Runco and Chand 1995). In principle, declarative knowledge of a feature is described as

attributes, while procedural knowledge is described as methods, in other words, operations.

According to the Oxford English Dictionary, technology is defined as “the application of scientific
knowledge for practical purposes, especially in industry”. We can replace “scientific knowledge” by

“both declarative knowledge and procedural knowledge on science”.

Geospatial Information Technology (GIT) is defined by DiBiase, et al. in Geographic Information
Science and Technology Body of Knowledge (GIS&T BoK) as follows.
“The specialized set of information technologies that support data acquisition, data storage and

manipulation, data analysis, and visualization of geo-referenced data.” (DiBiase et al. 2007)
DiBiase, et al. adopted the definition of GI science proposed by Goodchild as follows.

“The multidisciplinary research enterprise that addresses the nature of geographic information and

the application of geospatial technologies to basic scientific questions.” (Goodchild 1992)
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Earlier, Okabe (2006) had proposed the definition of GI science as follows.
“The study area to research general methods and methodologies to acquire, manage, analyze,
integrate and communicate geographic data systematically, and simultaneously to develop general

methods and methodologies to apply them in order to make them widely available.” (Okabe 2006)

These definitions recognize there is a complementary relationship between GI science and GIT. Since,
technology is knowledge applied by science and by application for practical purposes, the structure of
GIT should be consistent to ensure its reliability. In order for technology to be useful for people, the
knowledge contained in GIT should be harmonized each other as much as possible. In other words,
when transforming scientific knowledge to technological knowledge, appropriate selection and tuning

are required to keep consistency of the technological knowledge structure.

However, the definition of GIT introduced in GIS&T BoK do not actually clarify ‘modeling’ of real
world phenomena. For example, the definition of GI system proposed by Burrough was as follows
(Burrough 1982).

“A powerful set of tools for collecting, storing, retrieving at will, transforming, and displaying

spatial data from the real world for a particular set of purposes.”

There is also no clear description about ‘model’ in this definition, even if ‘a particular set of purposes’
indirectly indicates the universe of discourse that is defined as a view of the real or hypothetical world
that includes everything of interest (ISO/TC 211 2014a). We cannot ignore the knowledge area for
modeling, because reliable data acquisition and analysis cannot be performed without linguistic and

formalized expressions such as a data specification or an application schema.

By the way, there are a few definitions of GIT including modeling. For example, Worboys proposed
the definition of GI system as follows.
“a computer-based information system that enables capture, modelling, manipulation, retrieval,

analysis and presentation of geographically referenced data.” (Worboys 1995)

Moreover, since GI standards adopt the four-layer metamodel hierarchy based on the model driven
architecture as the reference model (ISO/TC 211 2014a), ‘modeling’ cannot be neglected as the
knowledge area of GIT. Therefore, we should define GIT as information technologies for modeling,

acquisition, management, analysis, exchange and representation of geospatial information. We will
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discuss modeling in detail at the section 5.3.

This definition of GIT was brought from the viewpoint of ‘function flow’, because technological
elements of above definition are all functions to transform from real world phenomena into geospatial
objects, from geospatial objects to cartographic objects, and from cartographic objects to information
representation for users. Each function is connected with others through various objects. Function is
realized based on the procedural knowledge, while objects are specified based on the declarative

knowledge.

In the meantime, the term ‘GI system’ seems to be an alternative term of GIT. However, the GI system
is a computer system developed as an application of GIT. Today, GIT is applied not only in
conventional GI systems such as cadaster management, facility management, urban planning,
environmental protection, disaster prevention and so on, but also in many other systems such as
intelligent transportation systems, restaurant guides, smart phone games, services to moving
individuals at outdoor and indoor, and so on. In fact, many of developers apply knowledge of GIT in
a part of their system, but so far, they do not care about that their system is GI system or not. It might
mean that GIT is melt in IT. However, since Gl is unique by comparing with other types of information,
GIT will be positioned as a unique domain in the field of IT. We will discuss the structure of GIT more

in detail at the section 2.4.

2.3. Gl standards

GIT should conform to GI standards as long as it is possible. According to ISO, an International
Standard provides rules, guidelines or characteristics for activities or for their results, aimed at
achieving the optimum degree of order in a given context (https://www.iso.org/deliverables-
alLhtml#IS accessed 2018-06-06). By conforming products to standards, ensuring of product
compatibility and interface consistency, improvement of production efficiency, ensuring of product

quality, and promotion of accurate information transmission will be possible.

ISO/TC211, OGC and other related organizations provide GI standards and specifications to realize
the geospatial data interoperability. According to the scope of GI standardization in ISO/TC 211,
“This work aims to establish a structured set of standards for information concerning objects or

phenomena that are directly or indirectly associated with a location relative to the Earth.
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These standards may specify, for geographic information, methods, tools and services for data
management (including definition and description), acquiring, processing, analyzing, accessing,
presenting and transferring such data in digital / electronic form between different users, systems
and locations.”

(https://www.iso.org/committee/54904.html accessed 2018-01-10).

Since 1994, ISO/TC 211 has been working to provide GI standards for modeling, acquisition, analysis,
manage, exchange and representation of GI. In fact, the scope of ISO/TC 211 is similar to the definition
of GIT. Most of the GI standards provided by ISO/TC 211 are collectively harmonized with others,
because the Harmonized Model Maintenance Group (HMMG) established in TC 211 verifies the
relationships between standards. In addition, this group maintains the harmonization among schemata
described as UML class diagrams included in the standards. Moreover, voting by the member countries
strengthens the hypothesis that the standard is a common global rule. Consequently, we can expect

that standards are the harmonized system of commonly used rules.

Standards are revised when inconsistencies or misconceptions are found, information technology
useful for standard is evolved, scientific knowledge useful for the standard is found, and the social
demands change. This is the reason ISO keeps the technical committee for the improvement of
standards. Therefore, the GI standards are valuable in order to strengthen the structure of GIT, despite
that it is necessary to see standards critically. This is the reason that the GIT should conform to GI

standards.

Meanwhile, GI standards do not aim to prompt the systematization of GIT knowledge. As far as the
reference model of GI standards provided by ISO/TC 211 is concerned,
“It is an underpinning for the interoperability in the area of geographic information, which aims to

support the development of SDI” (ISO/TC 211 2014a).

Actually, ‘interoperability in the area of geographic information’ is one of the main issue of GIT,
however it is not the whole scope of GIT. Therefore, we may consider the conceptual structure of GIT
independently from GI standards, but simultaneously, we should refer to GI standards as much as

possible, as they are reliable and consistent set of geospatial knowledge in principle.
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2.4. Concept map of GIT
2.4.1. Introduction

In this section, we will define the ‘concept map’ of GIT that defines the framework of the software

architecture for GI applications.

There have been few researches about the conceptual structure of GIT for designing GI applications.
According to Dibiase et al., GIS&T BoK was the first attempt to provide the comprehensive BoK
about GIS&T as described below.
“Unlike other information technology fields, including computer science and information science,
there has, until now, been no collective effort by a community of researchers and educators to
specify a comprehensive body of knowledge that defines the GIS&T domain. The Body of Knowledge
is an attempt to fill that void.” (DiBiase et al. 2006)

In fact, it is very important to study knowledge areas and units on GIS&T. However, it is not a

formalized model to clarify the conceptual structure of GIT.

Next, distinguished literatures introducing GI systems have been published, for example (Aronoff
1989; Worboys 1995; Chrisman 2002; Duckham, Goodchild, and Worboys 2003; Longlay et al. 2015).
Although these books are effective as textbooks for GI systems and sciences, they do not care a
comprehensive description for conceptual design of GI applications. In order to design the GI
application, the generic reference model should be used, and it should designate requirements for

functions and data in GI applications.

Reference model is a framework for understanding significant relationships among the entities of some
environment, and for the development of consistent standards or specifications supporting that
environment (ISO/TC 211 2014a). The four-layer metamodel hierarchy is a general-purpose reference
model, and it can be applied as a norm to consider the conceptual structure of GIT. We will discuss

the four-layer metamodel hierarchy in the section 2.4.2.

Furthermore, to consider the design of GI applications, we can apply the deep structure and the surface

structure of GI, those were proposed from the viewpoint of analytical cartography (Nyerges 1991;
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Moellering 1980). The combination of these structures is a model originating from Chomsky's
proposal (Chomsky 1968) as concepts used in linguistics. For example, the sentences "He loves you"
and "You are loved by him" mean almost same thing and use similar words. According to Chomsky,
these two sentences are distinct surface forms that derive from a common deep structure. Cartographic
products in the surface structure such as maps and charts are direct representation for users’
understanding, while geospatial data in the deep structure are used to produce different representations.
Indeed, ‘Make once, use many times’ is the principal reason to establish the SDI and to promote the
open data policy by many countries. However, Nyerges and Moellering proposed to use these
structures before 1990s. Therefore, it is reasonable to redefine them in consideration of the technical

environment today. We will discuss the deep structure and the surface structure in the section 2.4.3.

Management structure announced as Executive order 12906 in the United States in 1994 was the
concept of SDI to improve the efficiency of GI management. It has been accepted in many countries
including Japan as the National Spatial Data Infrastructure (NSDI), geo-catalogue, and distributed
geo-library, since the middle of 1990s. Therefore, the management structure should be considered as
a part of GIT. We will briefly introduce the management structure in the section 2.4.4. Then, it will be

discussed in detail at Chapter 7.

In the following sections, we will discuss the reference model, the surface structure and the deep
structure, and the management structure as axes of the conceptual structure of GIT. Then, we will
propose the concept map of GIT as a table of which columns are defined by the four-layer metamodel
hierarchy, and rows are defined by the management structure, the deep structure and the surface

structure. We will discuss the concept map of GIT in the section 2.4.5.

2.4.2. Reference model

Fortunately, we can apply the four-layer metamodel hierarchy included in the Conceptual Schema
Modelling Facilities (CSMF) (OMG 2003) as the methodology of reusable model designing.
According to ISO 19101-1:2014 — Geographic information — Reference model — Part 1: Fundamentals
(ISO/TC 211 2014a), four-level decomposition approach, in other words the four-layer metamodel
hierarchy is adopted as the reference model for ISO/TC 211 family of standards. The four-layer means

meta-metamodel, metamodel, model and object.
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For modeling the geospatial information domain, we
interpret this hierarchy as shown in Figure 2.4-1. Domain is
an application extent of this reference model. The
management structure, the deep structure, and the surface
structure are domains for GIT. The top of this hierarchy is
the run-time objects as instances of model elements. A
model is an instance of a metamodel to define languages that
describe application domains. A metamodel is an instance of
a meta-metamodel to define a language for specifying
models. Finally, a meta-metamodel is a universal language

for specifying different metamodels.

WMO, for example, recognizes importance of the four-layer
metamodel hierarchy for the development of standards
(WMO 2008.). And it explains the four-layer metamodel
hierarchy as follows.

“Conceptual modelling is critically important to the

definition of the ISO 191xx series. The approach to conceptual modelling in the ISO 191xx series is
based on the principles described in the Conceptual Schema Modelling Facilities (CSMF). The ISO
CSMF includes four model levels: Meta-metamodel, Metamodel, Application model and data. The
Unified Modelling Language (UML) is the basis for the conceptual schema language (ISO 19103)

used within the ISO 191xx series.”

As a consequence, we decided to use the four-layer metamodel hierarchy as a reference model of the

conceptual modeling for GIT.

2.4.3. Surface structure and deep structure

The four-layer metamodel hierarchy can be applied as a norm to consider the structure of GIT as it is
a general-purpose model. We can apply the deep structure and the surface structure of GI proposed

from the viewpoint of analytical cartography. It is reasonable to redefine these structures in the

Domain

Structure

Objects

i

Model

i

Metamodel

i

Meta-metamodel

A —> B
A inherits B

Figure 2.4-1. Reference model

for conceptual structures of GIT

consideration of technical environment today and clarify as part of GIT as already mentioned.
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Nyerges (Nyerges 1991) inspired by Chomsky (Chomsky 1968), Tobler (Tobler 1979) and
Moellering (Moellering 1980) proposed the surface structure and the deep structure for geospatial and
cartographic objects as follows.
Surface structure is the organization of simple information chunks immediately perceptible to a user
of a map. The simple information chunks are the individual graphical symbols on a map display, as
well as database elements stored in a data base. Deep structure is the organization of the simple
chunks that often provides the meaning of the information chunks in surface structure. The deep
Structure contains the conceptual information, as the basis of meaning, as well as the various
geographical relationships among chunks that form the basis of abstractions of reality.
Schemata for chunks of surface structure on maps, are rules that organize symbols as they appear
individually on the map display and as they are stored individually in a data base. For deep-
structure chunks, the schemata organize the conceptual information associated with the surface
structure in terms of the meanings of database/knowledgebase elements and their geographical

relationships.

Cartographic products such as maps and charts are direct representation for users’ understanding.
While geographic data included in the deep structure associate with meanings of the real-world

phenomena. And different cartographic products may be reproduced by the same geographic data.

The surface structure for mapping was the rules for symbols and labels according to the proposal by
Nyerges. He picked up the surface structure for ‘map data’ only. However today, not only maps but
also atlas, geographic name dictionary, gazetteer, virtual reality, augmented reality, walk-through
video, audio guidance, and so on, are the products derived from different kinds of data in the surface
structure. Therefore, in this thesis, we use the term ‘cartographic objects’ instead of ‘map data’. And
we use ‘cartographic product’ instead of ‘map’. Moreover, we call the rules for describing the

cartographic objects as a portrayal schema by referring to GI standard.

Before Nyerges (1991), Moellering proposed a four-class concept of Real and Virtual Map Types
(Moellering 1980). This concept is useful for the harmonization between functions those transform
geospatial objects to cartographic objects. Moellering defined Real and Virtual Map as follows.
Real Map - Any cartographic product, which has a directly viewable cartographic image and has
a permanent tangible reality (hard copy). There is no difference as to whether that real map was

produced by mechanical, electric, or manual means.
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Virtual Map, Type 1 - Has a divectly viewable cartographic image but only a transient reality similar
to a map image on a display device.

Virtual Map, Type 2 - Has a permanent tangible reality but cannot be directly viewed as a
cartographic image. These are all hard copy media, but in all cases these products must be further
processed to be made viewable.

Virtual Map, Type 3 - Has neither of the characteristics of the earlier types but can be converted
into a real map as readily as the other two types of virtual maps. Computer-based information in

this form is usually very easily manipulated.

When interpreted these definitions by today's technology and discussions above, the definitions can
be reworded as follows.

— Real Map (RM) - Cartographic product processed from cartographic objects for visualization as,

for example, paper map, atlas, geographic name dictionary, gazetteer, virtual reality, walk-
through video, audio guidance, interactive map on display device such as a screen of PC, smart

phone, VR headset and so on.

—  Virtual Map Type 1 (VMT1) — Cartographic objects transformed from geospatial objects, for
visualizing cartographic product.

—  Virtual Map Type 2 (VMT2) — Standardized cartographic objects transformed from original

cartographic objects (VMT1) in compliance with the GI standards for exchange objects between
different systems.

—  Virtual Map Type 3 (VMT3) - Geospatial objects captured by observation from the real world,

or obtained by existing materials which reflect the real world.

However, as a matter of fact, to provide standardized geospatial objects for exchange is one of the
main reasons to establish the GI standards. Therefore, standardized geospatial objects for exchange as

Virtual Map Type 4 (VMT4) (Ota and Plews 2015) should be added as follows.

—  Virtual Map Type 4 (VMT4) — Standardized geospatial objects with the system independent
format in compliance with GI standards, which is produced by transformation from the original

geospatial objects.

Nyerges (1991) also mentioned that RM and VMT]1 are associated with the surface structure and

VMT3 is associated with the deep structure. However, he did not mention the position of VMT2.
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While, Moellering stated “in all cases these products must be further processed to be made viewable”.
Therefore, it should be placed between different systems, because VMT2 is obtained by transformation

from VMT1 to be made it viewable in the different system environment.

A schema for chunks of deep structure is equivalent for application schema in the context of GI
standards, because an application schema is a formal description of the universe of discourse. While
a schema for chunks in the surface structure is similar to a portrayal schema, because these schemata

are formal description of requirements for representation.

According to the definition of GIT, it is seen as a collection of functions from the real world to
information such as standardized geospatial objects, standardized cartographic objects, and
cartographic product. Cartographic product is an outcome of geospatial information processing
appearing in the real world. As well as the real world is not in the deep structure, cartographic product

which is tangible in the real world is not included in the conceptual structures of GIT.

2.4.4. Management structure

Metadata is described to express information about the geospatial object, and they are described in
compliance with the metadata schema. The metadata schema is a domain specific rule to give
information about geospatial objects. Therefore, its definition should be harmonized with the
application schema. Today, many types of metadata are used in the different fields such as catalogues
of digital libraries and museums, digital photographs, documents produced by word processors and so
on. Geospatial metadata is used for retrieving and evaluating geospatial objects stored in the repository.
A set of metadata associating with the data files is managed in the management structure. Metadata is
created in accordance with the metadata schema. However, there is no specific definition of a
metamodel for metadata schema in ISO 19115-1 (ISO/TC 211 2014b). To avoid ambiguity in the
domain specific metadata schema, the metamodel for metadata schema is quite useful. Therefore, we
will propose the general metadata model (GMM) in the section 7.2. And the geospatial metadata

schema used in gittok is introduced in the section 7.3.

The management structure describes a geo-library. It is a system to acquire, process, store, distribute,

and improve utilization of geospatial data (U.S.Government 1994). A geo-library is also called a geo-

catalogue or a geospatial clearinghouse. In this thesis, we use ‘geo-library’. Functions of geo-library
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are discussed in the section 7.4.

Meanwhile, data base management systems (DBMS) have been introduced as a data management
structure in almost all GIS literatures. Simple feature model for the description of geometry was
adopted in “ISO 13249-3, Information technology - Database languages — SQL Multimedia and
Application Packages - Part 3: Spatial” was a remarkable contribution so as to integrate geometry and
non-geometric attributes in a geographic feature. However, the selection of DBMS and its utilization
are the issues of GI application implementation. Moreover today, the situation around data
management system is evolving rapidly, for example, as progresses of NoSQL, XML database, data
files following GeoJSON and semantic Web. Therefore, GIT in this thesis includes only the conceptual
structure for geo-library and excludes the DBMS. Instead, data exchange with XML document will be
introduced at the section 5.6. Cartographic products represented by hyper-text markup language
(HTML) file with SVG tag and GeoJSON file will be introduced in the section 8.8.2.

2.4.5. Concept map of GIT

As a result of above discussions, GIT can be described in accordance with the deep structure and the
surface structure, and the management structure. Moreover, the four-layer metamodel hierarchy is

applied to describe these structures.

In the case of deep structure, geospatial objects are described in compliance with the application
schema and so on, as models. Application schema as a model specifies the universe of discourse
defined as an instance of the general feature model (GFM) as a metamodel. GFM is described in detail
at the section 3.2. The meta-metamodel is a notation rules of UML. UML is used to describe not only

a metamodel (e.g., GFM) but also a model (e.g., application schema).

In the case of surface structure, cartographic objects are described in compliance with the portrayal
schema as a model. As an instance of General Portrayal Model (GPM), portrayal schema specifies the
rules for graphic representation such as interactive maps and lists. GPM is a rule for the description of
portrayal schema as a metamodel. It is described in detail at the section 4.2. The meta-metamodel is a
notation rules of UML. UML is used to describe the metamodel (e.g., GPM) and the model (e.g.,

portrayal model).
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In the case of management structure, metadata are described in compliance with a metadata schema
as a model. GMM is a generic rule for the description for metadata schema in any application domain
as an instance following the UML notation rule. The meta-metamodel is a notation rules of UML.

UML is used to describe the metamodel (e.g., GMM) and the model (e.g., geospatial metadata model).

Consequently, the conceptual structure of GIT can be described in accordance with the four-layer
metamodel hierarchy, the deep structure and the surface structure, and the management structure.
Therefore, we can define a matrix of which rows are defined by the four-layer metamodel hierarchy
and its columns are the management structure, the deep structure and the surface structure. In this
thesis, the matrix as shown in Figure 2.4-2 is called the concept map of GIT. Gl standards are basis to
ensure the consistency between the elements of the concept map. The elements in this map relates
with adjacent elements, excluding the relationship between general metadata model and general
geospatial models. The reason is that the general metadata model is independent from application

domains.

Management structure Deep srtructure Surface structure

Meta-metamodel UML notation rules

layer

Metamodel General metadata General feature General portrayal
layer model model, etc. model, etc.
Model L
laver Metadata schema Application schema, Portrayal schema,
aye etc. etc.
Object Metadata Geospatial Cartographic
layer objects objects

Gl standards

Figure 2.4-2. Concept map of GIT.

As already defined in 2.2, GIT refers to a set of information technologies for modeling, acquisition,
management, analysis, exchange and representation of geospatial information. Modeling is a function
to produce application models by abstraction of the real-world phenomena, and to produce portrayal

models for designing of cartographic products. Acquisition is a function to transform real world
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phenomena to geospatial objects. Management is a function to accept the request and return the
geospatial objects from the repository, and to store the geospatial objects with metadata in the
repository. Analysis is a function to transform the geospatial objects to information as different
geospatial objects. We do not discuss the mathematical or physical models for spatial analyses in this
chapter, because most of them can be considered as operations defined in the feature types in the
application schema. Exchange is a function to encode and decode between original
geospatial/cartographic  objects and standardized geospatial/cartographic objects. Finally,
representation is a transformation from cartographic objects to cartographic product used for display
of the products on the graphic media, such as paper, graphic display, VR head set, and so on. Usually,
cartographic objects are reversible to geospatial objects, however cartographic products are not

reversible to cartographic objects, as they are fixed to show on the display device.

As a consequence, the conceptual structure of GIT is defined as the concept map shown in Figure 2.4-
2, and functions and objects in GIT are distributed in the cells of the concept map. Therefore, we will
discuss the conceptual structure of GIT from the viewpoint of objects and from the viewpoint of
functions. However, before these discussions, we will resolve the inconsistency between the deep

structure and the surface structure that the author found during the development of gittok.
2.5. Inconsistency between deep structure and surface structure
2.5.1. Introduction

In this section, inconsistency between the deep structure and the surface structure is pointed out, and
the way to resolve the inconsistency between two structures will be proposed. However, before the
discussion, we introduce physical feature, virtual feature and proxy attribute as they will be useful

means to resolve the inconsistency.

According to 4.1.11 in ISO 19101-1 (ISO/TC 211 2014a) , feature is defined as follows.
“abstraction of real world phenomena.
A feature can occur as a type or an instance. Feature type or feature instance should be used when

only one is meant.”

Feature is visible or invisible. Visible feature has geometric shape represented by coordinates on the

earth. While invisible feature does not have a shape. In this thesis, ‘physical feature’ is a feature having
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geometric attributes in principle. It is an abstraction of tangible and visible phenomena in the real
world. Meanwhile, we cannot see the international border line on the ocean surface, we cannot see the
artificial structure yet to be constructed, and we cannot see the ancient city already destroyed. All of
them are invisible in the real world. However, even they are invisible, if the consensus about that they
are/were existing in the real world are established by parties involved in, they will be assumed as

physical features.

In this thesis, ‘virtual feature’ is a feature that has no geometric attributes in principle. It is intangible
and invisible in the real world. For example, we know the ministry of foreign affairs is an existence in
the real world. But to think of the shape of it is nonsense. Such a feature is thought as virtual. On the
other hand, sometimes we abstract visible entity as a virtual feature. For example, to represent a
ranking list of the city brand in the world, we can ignore geometric attributes of the cities. Meanwhile,
we may imagine that the feature type ‘Company’ may have a position of the head office as a geometric
attribute. However, the head office should be defined as an independent feature type associating with
Company type. Because, even if a point is displayed on the map, it is a position of the head office, not
the company, and because a company is primarily a group of people such as the ministry of foreign

affairs.

In this thesis, considering the flexibility of application, we introduce ‘proxy attribute’. Proxy attribute
is an attribute to switch the feature physical or virtual. We think a feature as a virtual feature as long

as the proxy attribute is non-geometric.

2.5.2. Inconsistency

We can view GIT from the hypothesis “Geospatial data are represented on maps.” On the view point
of the surface structure, the purpose of the technology on the surface structure has been considered as
mapping. As well, we can view GIT from the hypothesis “Geospatial data are independent from their
representations”. This is a view point of the deep structure as it concerns how to abstract real world

phenomena, not its representation (Ota 2017).

First hypothesis

Most of currently used GI systems are designed under the first hypothesis as ‘geometry-centric system’.

A feature must have geometric attribute that can be displayed on a map. For example, according to
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Ormsby et. al. (Ormsby et al. 2010), “Features have shape and size.” QGIS adopts the vector layer
model (Graser 2013). The fundamental data model of ArcGIS is the geometry-centric layer-based
model, although it has useful functions whereby it is possible to attach pictures, videos or files as
‘geodatabase attachment’ (Nasser 2014). The format specification of GeoJSON states that objects shall
have a member of geometric data type (Butler et al. 2015). In fact, the geometry-centric system with
multi-layers is still used by many GISs (Heywood, Cornelius, and Carver 2011). In those systems,
geospatial data consist mostly of a set of physical features, and each feature has a one-to-one

correspondence (bijection) with a symbol on a map.

Second hypothesis

The second hypothesis is valid because of at least two reasons. First, this hypothesis makes it easy to
describe geospatial data for the purpose of geospatial analysis, because the data model allows
relatively simpler structure as it is free from representation. For example, to predict the population
density of the city X of 10 years later, the feature of the city should include geometric attribute
(polygons) of the census districts to get the population density, but the result of the analysis used for
publishing is a list of objects having a name of the city and one number representing the predicted
population density. Second, geospatial data should be provided to the public for multi-purpose reuse,
because, in general, the cost of acquiring original data can be recovered by selling enough number of

copies. Therefore, geospatial data should be independent from its representation.

Example of virtual feature
Under the second hypothesis, geospatial dataset may contain both physical features and virtual features.
For example, a university is a virtual feature having no geometric shape, because it is an organization,
not a ground nor a school building(Figure 2.5-1) (Ota and Plews 2015). Even though, premises of the
university have grounds and school buildings with geometric attributes, they are not a university.
Moreover, there is a possibility that a university have no premises in the real world. In fact,
“In the late Middle Ages, as student populations grew and universities ceased to migrate,
universities acquired buildings and movable property. For a long time in Paris and Bologna the
administration had not needed to take care of university buildings, because there were none.
Lectures were held in houses rented by the masters, examinations and meetings in churches and

convents”’(Ruegg 2003).
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UnivToPrem

Universi -
v Premises

<<px>> name : CharacterString 0.*
president : CharacterString campuses
dateOfFoundation : Date

<<px>> name : CharacterString

PremToland PremToBuilding
UnivToMember
members| 1, * grounds | 1..* schoolBuildings| 1..*
Person Land Building
<<px>> name : CharacterString identifier : CharacterString name : CharacterString
class : CharacterString <<px>> shape : SG_Surface <<px>> shape : SG_Surface

Figure 2.5-1. Class diagram to show university and its premises. University, Person and Premises

are virtual in this case. The stereotype <<px>> means that this is a proxy attribute.

We also can imagine a university on the web without premises. As a consequence, there is an
inconsistency between the deep structure and the surface structure, because a part of data in the deep
structure cannot be transferred to the surface structure, as long as the surface structure requires

physical features for graphic representation.

In addition, according to ISO 19101-1 (ISO/TC 211 2014a),
Non-geographic features are also of interest in ISO geographic information standards. Such

features may be included in the application schema with no spatial characteristics.

It means that ISO 19100 series of standards allow to define virtual feature types. However, this
sentence seems to not think of representation of features, because the author could not find the
specification about how to represent virtual features at least in ISO 19117:2012 — Portrayal (ISO/TC
211 2012a).

By the way, virtual feature does not conflict with the rule of GFM, as GFM does not make a demand

that spatial attribute is a mandatory element of features (Figure 3.2-1).

2.5.3. Solution

The first hypothesis can be recognized as a special case of the second hypothesis, because it can be

built in the second hypothesis in which the objects include more than one physical features and zero
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virtual feature. However, we are able to find a way to represent virtual features with non-geometric
proxy attribute. A value of a proxy attribute may be discrete or contiguous, but it should be a unique
non-geometric identifier of the feature. Therefore, a list of records that consist of proxy attributes and
other attributes may be a solution of this problem. A list made from virtual features can be seen as a
map of one-dimensional space as the data type of proxy attribute is one dimensional value. A list may

be converted to other information styles such as a bar-chart, a linear graph, and a chronological table.

By the way, if physical features have a key attribute such as geographic name, they can be converted
to a gazetteer as a combination of key attribute and geometric position. In this context, a gazetteer is
an adjunct of a map, as its role is an index of physical features displayed on maps. Therefore, a
gazetteer is different from a list. Figure 2.5-2 illustrates that physical features are represented by a map
and a gazetteer, while virtual features are represented as a list. There is no line between physical feature
and listing. If there is a demand to represent a list of physical features, it is possible to switch their

proxy attributes from geometry to non-geometric attribute before listing.

Second hypothesis: Geospatial data are independent from their representations.

First hypothesis: Geospatial data are represented as maps.

Physical features Mapping - General purpose map

- Thematic map

-Interactive map

Mixture of physical and

virtual features - Gazettoer
Virtual features Listing - Interactive list
The deep structure Geo-processings The surface structure

Figure 2.5-2. Two hypotheses regarding cartographic representations. White zone represents the
extent of the first hypothesis. It represents a geo-processing to produce maps and gazetteer.

As a consequence, we can resolve the inconsistency between the deep structure and the surface
structure by the proxy attribute and a list representing virtual features. A list will expand the paradigm

of GIT. Accordingly, a metamodel for a list schema should be added in the general portrayal model



(GPM). The metamodel for a list schema as a part of GPM is called the general list model (GLM) in
this thesis. GLM will be specified in 4.3.

2.6. Conceptual structures from the viewpoint of objects

In this section, we propose the conceptual structure of GIT from the viewpoint of objects. According
to the concept map of GIT shown in Figure 2.4-2, the management structure consists of layers for
metadata, metadata model, and general metadata model. The deep structure consists of geospatial
objects, application models, and general geospatial models. The surface structure consists of layers of

cartographic objects, portrayal models, and general portrayal models.

We briefly discuss the deep structure, the surface structure and the management structure from the

viewpoint of objects in the following sub-sections.

Deep structure for geospatial objects

The deep structure consists of four layers in accordance with the four-layer metamodel hierarchy.
According to ISO 19109, a feature is defined as abstraction of real world phenomena. A feature may
occur as a type or an instance. A feature instance is an object as an element of geospatial objects.
While, a feature type is defined as an element of application schema. Therefore, geospatial objects are
located in the object layer, and application schema is located in the model layer. Application schema
is modeled in accordance with GFM described in UML. Therefore, GFM is located in the metamodel
layer and UML is located in the meta-metamodel layer. Figure 2.6-1 illustrates the detail image of the

concept map of GIT from the view point of objects.

By the way, one of the main purposes of GI standards is to provide the protocol for data exchange.
However, we should think GFM and application schema are not only for data exchange but also for
designing of GI applications. Moreover, GFM is considered to be one of the principles of GI science.

Because, the goal of GFM is that it will be able to schematize any geospatial phenomena in the world.

As long as the role of the deep structure is to describe geospatial objects, the object layer consists of
geospatial objects brought from the real world by surveying, or existing geospatial objects and
documents by transformation or digitizing from analogue resources. Geospatial objects may be

encoded to or decoded from the system independent format for exchanging between other applications.
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Figure 2.6-1. Detail image of concept map of GIT from the view point of objects.

Encoding and decoding become possible by transferring of application schema with parameters of
coordinate reference system (CRS) for the description of coordinates in the geometric attributes. In
addition, geospatial objects are translated to the surface structure and transformed to cartographic
objects for information representation. By the way, we already discussed and resolved the
inconsistency between geospatial objects and cartographic objects in the section 2.5. Therefore, it is
possible to transform geospatial object (physical and/or virtual) to cartographic objects in the surface

structure.

The model layer consists of schemata for describing the geospatial objects. The conceptual structure

of geospatial objects is defined as an application schema. An application schema is created in
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accordance with GFM. To describe geospatial objects with the system independent style, the instance
model as an instance of GIM is required. In practice, application schema is used to define the dataset
stored in the repository. While, the instance model is used to define the structure of the dataset for

exchange.

By the way, the parameters of CRS are required to describe coordinates as elements of geometric
attributes. The structure of CRS is defined as the schema for CRS and it is located in the metamodel
layer. Models in the model layer should be able to exchange between other applications in the system

independent formats to ease the transferring between different applications.

GFM, GIM, and the schema for CRS are rules for creation of domain specific models in accordance
with the universe of discourse. GFM will be discussed in detail at the section 3.2. GIM will be
discussed in detail at the section 3.3. And the schema for CRS will be discussed in detail at the section

34.

Surface structure for geospatial objects
The surface structure consists of four layers in accordance with the four-layer metamodel hierarchy

for the representation of cartographic objects as maps and lists.

Object layer consists of cartographic objects for maps, gazetteers, and lists. Map is a graphic
representation of the real world and the result of analysis. Gazetteer is an index of features drawn on
the map. And a list consists of connected items consecutively. The geospatial objects stored in the
deep structure are transferred to the surface structure, and it is transformed to the primitive
cartographic objects, then it is edited to cartographic produces with map marginalia in compliance
with the portrayal schema and the map instance model. And a list is constructed in accordance with
the list schema. In this thesis, map, gazetteer and list are called cartographic products. Bay the way, a
gazetteer can be constructed by selecting place name attribute type and geometric attribute type.

Gazetteer schema is not required as long as it is considered as independent from applications.

Model layer consists of a portrayal schema with symbol style dictionary (SSD) and a label style
dictionary (LSD), a map instance model, and a list schema. Portrayal schema specifies the rules for
symbols and labels. Moreover, if the representation will be done as an interactive map, multimedia

attributes will be selected for each feature type. The symbol design and the label design are specified
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as SSD and LSD. The portrayal schema, SSD and LSD are designed in order to fulfil the requirements
for mapping given by the representation designer. Next, to exchange cartographic product between
other systems, cartographic product is transferred to the data with system independent format in
accordance with the map instance model. These products are the main outcomes of geospatial

information processing. In addition, list schema specifies the rules for list representation.

Metamodel layer consists of GPM, GLM, schema for SSD, and schema for LSD. GPM, schema for
SSD, and schema for LSD will be discussed in the section 4.2, and GLM will be introduced in the

section 4.3.

Management structure for geospatial objects

The object layer in the management structure is a geo-library including a set of metadata. The primary
mechanism of geo-library is as follows. The user asks appropriate metadata by giving keywords to the
geo-library. The user decides to access geospatial objects or not by evaluating metadata obtained by

the geo-library. If the answer was ‘yes’, the geo-library send the objects to the user.

The model layer of the management structure includes metadata schema. Metadata schema for
geospatial domain should have the geographic extent of geospatial objects at least. It will be introduced

in the section 7.3.

The metamodel layer of the management structure includes a general metadata model (GMM). GMM
defines the structure of metadata schema designed for the application domain. It will be introduced in

the section 7.2.
2.7. Conceptual structures from the viewpoint of functions

GIT consists of six knowledge areas as already described in the section 2.4.5. They are modeling,
acquisition, management, exchange, and representation. These knowledge areas are included in the
deep structure, the surface structure or the management structure. Generally, representation is included
in the surface structure, and acquisition is included in the deep structure. However, modeling and
exchange are included in both. Modeling of application schema is included in the deep structure, and
modeling of portrayal schema is in the surface structure. Geospatial objects are exchanged from/to the

deep structure, and cartographic objects/products are exchanged from/to the surface structure. In
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addition, each knowledge area is structured by the four-layer metamodel hierarchy.

Meanwhile, knowledge areas can be seen as a set of
functions, which is a process providing information
from resources. Figure 2.7-1 illustrates the
configuration of a function in GIT. Function name
is represented as a verb in this thesis, because
function is a command to do something. For
example,
- Identify information sources such as the real
world, geospatial object, documents, and so on
to the universe of discourse according to the user

requirements.

Resource

(Knowledge area)

Models < - - - - Function

Information

Figure 2.7-1. Metamodel for functions in

GIT

- Schematize the universe of discourse to an application schema in accordance with GFM.

As can be seen from this explanation, function is not necessarily a software module. Actually function

‘identify’ is executed by humans.

The structures for functions are described in Figure 2.7-2 and Figure 2.7-3. Figure 2.7-2 shows the

functions in the deep structure. Figure 2.7-3 shows the functions in the surface structure.

Functions associating with the deep structure

- The universe of discourse is identified in the modeling from information sources such as the real

world, geospatial objects, documents, and so on by referring to the user requirements. Geospatial

objects, documents, images and so on are materials for the consideration of the universe of

discourse. Usually the universe of discourse is often written in the natural language, because

decision makers are sometimes not an expert of GIT.

- The application schema is schematized from the universe of discourse in the modeling by referring

to GFM. Application schema is written in UML as a formalized description of the universe of

discourse.

- Data and operation are extracted from geospatial objects by referring to the application schema in

the analysis. Data for analysis are arguments for the operation, and the return values are also

become values of the derived attributes defined in the feature. They are extracted in accordance
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with the definition of the operation that is chosen by the user.

Geospatial objects following the application schema are obtained by the execution of the operation
in the analysis. At least two methods are conceivable for the execution of the operation. One is
automatic execution. Every time the value of argument is changed, the operation is automatically
executed and the latest value will always be in the derived attribute. Another method is a method
of executing an operation according to a user instruction. If there are multiple arguments, this
method will be used as it is difficult to execute the operation unless the user issues a command.

Information sources such as the real world, geospatial
data, documents, and so on

(Modeling) (Acquisition) %
Identify --- - - > Requirements SR == > Requirements
% Raw data and
Universe of discourse Coordinate Reference
. System Universe of
(Modeling) (Acquisition) discourse
Schematize- - ->GFM - - - - i
| campe (Modeling for
. Exchange)
. Application schema,
' ) ) GFM, < - - — - Schematize Instance model,
Application schema <---------- Geospatial objects GIM Geospatial objects,
A and CRS
)
|
1 Request ; (Exchange)
i A (Analysis) Rules for exchange of
b . ‘B extract datasets between <~ - - - encode (Exchange
I internal formats and < --,
| system independent tom=====—--3§ decode
| Data and operation formats
1
X (Analysis)
! Application schema,
"""""""""""" execute Instance model,
Geospatial objects,
and CRS
following system
Geospatial objects independent formats

Function in the object layer

Function in the model layer

Figure 2.7-2. Functions in deep structure

Therefore, in this thesis, we follow the latter method.

The universe of discourse is schematized in accordance with instance models for exchange of
datasets between internal formats and system independent formats by referring to GIM and GFM.
The schematizations of application schema and instance model are required as they are application
dependent. Meanwhile, the metamodel for CRS is not required. Because the model for CRS is
already the metamodel and CRS is a model for coordinate description.

Application schema, instance model, geospatial objects and CRS are encoded as datasets following

system independent formats as XML documents by referring to the rules for exchange. Not only
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geospatial objects with CRS, but also application schema and instance model may be exchanged,
because it is impossible to understand without these schemata.
- Application schema, instance model, geospatial objects and CRS as XML documents are decoded

as datasets following internal formats by referring to the rules for exchange.

Functions associating with the surface structure

Figure 2.7-3 shows the functions for representation associating with the surface structure.
Representation consists of map design, mapping, gazetteer compilation, list design, listing and
exchange of information on representation. These sub domains are defined to fulfill the requirements

from the concept map of GIT. Functions illustrated in Figure 2.7-3 are described as follows.

- The universe of discourse for map design is identified from information sources such as the real
world, geospatial objects, documents, and so on by referring to the user requirements for map
representation.

- Portrayal schema, SSD and LSD are schematized from the universe of discourse in the knowledge
area of map design by referring to GPM, and schemata for SSD/LSD. SSD and LSD are
dictionaries of symbol styles and label styles.

- Map is edited by referring to the portrayal schema with SSD/LSD, and it is distributed in
compliance with the map instance model. This process is called map editing or mapping.

- Gazetteer is compiled by referring to the gazetteer instance model and it is distributed with a map
as an adjunct information of the map.

- The universe of discourse for list design is identified from information resources such as the real
world, geospatial objects, documents, and so on by referring to the user requirements for list
representation.

- List schema is schematized from the universe of discourse in the list design by referring to GLM
as a part of GPM.

- Alistis edited by referring to the list schema and it is distributed in compliance with the list instance

model. This process is called listing.

- Portrayal schema, SSD, LSD, map, gazetteer, list schema, and list are encoded as datasets
following system independent formats by referring to the rules for exchange.

- Portrayal schema, SSD, LSD, Map, gazetteer, list schema, and list are decoded from datasets

following system independent formats by referring to the rules for exchange.
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Information sources such as the real world, geospatial
objects, documents, and so on

’ Object layer
Model layer
. (List design)
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(List design)
(Map design)
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: - List instance
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1 [ | 1 1 :
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[ . . i
i Geospatial objects H edit Portrayal schema, SSD,
1 i LSD,
o |1 (Gazetteer Map, Gazetteer,
i (Mapping) ! compilation)
0t 00 List (Exchange)
edit complie Map instance model
List instance model j::: e (Exchange)
Gezetteer instance model o -
Map Gazetteer

Portrayal schema, SSD, LSD,
Map, Gazetteer,
List schema,List with system
independent format

Figure 2.7-3. Functions in surface structure

Functions associating with the management structure

- The universe of discourse for metadata modeling is identified from information sources such as
the real world, geospatial objects, documents, and so on by referring to the user requirements for
metadata for the target domain.

- Metadata schema is schematized from the universe of discourse in the metadata modeling by
referring to GMM.

- Metadata is edited in accordance with the metadata schema by using the geospatial objects.

- Metadata is stored in the geo-library to reply the request from the user.

- The user retrieves appropriate metadata from the geo-library for his/her purpose by putting the

conditions.
- If the metadata is appropriate for the user’s purpose, the user extracts the geospatial objects.

Functions in the management system will be discussed in detail at 7.4.
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Information sources such as the real world, geospatial
data, documents, and so on
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Figure 2.7-4 Functions in management structure
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3. Conceptual structures for geospatial objects
3.1. Introduction

Geospatial objects are defined by an application schema, and the application schema is defined in
accordance with GFM. Geospatial objects are transferred by following an instance model, and the
instance model is defined by GIM. Coordinates in geometric attributes kept by feature instances are
defined by a CRS, and the CRS is defined by the schema for CRS. Therefore GFM, GIM and the
schema for CRS are metamodels for geospatial objects. In this chapter, we discuss these metamodels

in detail.

According to ISO 19109 — Rules for application schema (ISO/TC 211 2005, 2015b), geospatial objects
are described as instances of feature types or association types defined in the application schema.
Application schema should commonly be understood by different systems, otherwise it is difficult to
understand the meaning of elements in geospatial objects. Therefore, it is described in accordance with

GFM.

Geospatial objects can be converted to the standardized geospatial objects with the system independent
format. Typical example of such format is described in ISO 19118 — Encoding (ISO/TC 211 2011b).
In principle, the rules are defined in order to fit into the demands from the universe of discourse, and

formalized by the standardized metamodel. It is called general instance model (GIM) in this thesis.

Geospatial objects may have the geometric attributes that contain geographic coordinates in
accordance with CRS. The CRS is defined in accordance with the schema for CRS that can be
understood by the different systems. A schema of CRS is provided by ISO 19111 — Spatial referencing
by coordinates (ISO/TC 211 2007a).

In this chapter, we discuss GFM, GIM and the schema for CRS used in gittok as follows.

i. Gittok GFM as a profile of the GFM provided by ISO 19109 is discussed so as to understand in
the shorter period of time for beginners, and so as to be more practical to define operations.

ii. Gittok GIM as rules for instance model is defined to avoid misunderstanding of instance models
provided by different application domains by referring to ISO 19118.

iii. An instance model for the description of the geospatial data acquired by map digitizing is defined
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in compliance with gittok GIM, because gittok enables map digitizing as an example of data
acquisition.
iv. A schema for CRS in gittok as a profile of the schema provided by ISO 19111 is discussed so as to

understand in the shorter period of time for beginners.

3.2. General feature model (GFM)
3.2.1. Introduction

GFM specified in gittok is rules for formal definitions of feature types, association types and their
properties such as attributes and operations by referring to GFM defined in ISO 19109. Geospatial
objects may have various types of attribute, for example, character string, number, geometry, place
including address, URL, and locations of video and audio. In ISO GFM, attribute data types are
classified into spatial, temporal, thematic, and locational. We discuss and provide the definition of
gittok GFM, spatial schema, schema for thematic attributes, and schema for place identifiers in this
section. Location is rewarded by place. Place is defined as an identifiable part of any space. We will
define not only the location in the real world, but also define the resource locater in the Internet.
Consideration about temporal schema and its implementation in gittok are the future issues. The reason

will be mentioned at the section 3.2.7.
3.2.2. GFM

GFM designed for gittok should be a simplified and practical profile of ISO 19109 for beginners to
make possible to understand what GFM is. We referred to ISO 19109:2005 (ISO/TC 211 2005) to
design gittok GFM, because we started to design gittok GFM before ISO 19109:2015 (ISO/TC 211
2015b) was published. Nonetheless, gittok GFM is a profile of ISO GFM as it follows the framework
of ISO 19109:2005. Such profiles have been made also in other activities, for example, the
International Hydrographic Organization (IHO 2017), the Defence Geospatial Information Working
Group (DGIWG 2013) and GSI (http://www.gsi.go.jp/GIS/jpgis-jpgidx.html accessed 2018-07-25)
have provided the GFM profiles for their standards.

Design policy of gittok GFM
Gittok GFM should be designed so as to be easier to understand for beginners, and more practical for
implementation of GI applications. The differences between ISO GFM (Figure 3.2-1) and gittok GFM

(Figure 3.2-2) are described below. Frequently, a type is named using a compound word that is a
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connection of words which first letter is capital, such as ‘ApplicationSchemaType’ in Figure 3.2-2. In

the case of Figure 3.2-1, type name have the prefix ‘GF _’. It indicates this is a member of GFM.

i. GF_InheritanceRelation to represent inheritance of a feature type is eliminated. Instead, the self-
association between parent and children feature types is defined. Because the structure becomes
simpler, and the inheritance is still possible by this association.

ii. Inheritance relationship between GF_FeatureType and GF_AssociationType is eliminated to make
the structure of AssociationType simpler.

iii. GF_PropertyType is eliminated. Instead, OperationType and AttributeType directly associates with
FeatureType and AssociationType, to make the structure of gittok GFM simpler. Even without

GF_PropertyType, feature and association may have association between attributes and operations.

typeName is G lizati . «Metaclass»
optional for enerafization 0-"1' " GF_InheritanceRelation
GF_AssociationType -
supertype name [0..1] : CharacterString
! description : CharacterString
«Metaclass» uniquelnstance : Boolean

GF_FeatureType Specialization I

0..*

typeName [0..1] : LocalName | subtype

definition : CharacterString | 4 «Metaclass»
i . N
isAbstract : Boolean L o GF_AssociationType
includes linkBetween 0..*
dependsOn
i *
0..* carrierOfCharacteristics constrainedBy| 0..
Role
GF_PropertyType 0..% «DataType»
memberName [0..1] : LocalName ) GF_Constraint
definition : CharacterString constrainedBy
roleName| 1, *

le «Metaclass»

GF_AssoicationRole

cardinality : Multiplicity

«Metaclass» 0..* «Metaclass»
GF_OperationType affectsValueOf GF_AttributeType

signature : CharacterString valueType : TypeName
domainOfValues : CharacterString

observesValueOf | cardinality : Multiplicity

0..¥

0.* | triggeredByValueOf

Figure 3.2-1. Class diagram of GFM as composition of Figure 5 and 8 in ISO 19109:2005
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By the way, carrierOfCharacteristics is optional as its multiplicity is [0..*]. It means that GFM
allows a feature type without attributes and/or operations. This rule supports the idea of virtual
feature, as GFM allows feature type without spatial attribute. In fact, there is no restriction to

declare the spatial attribute is mandatory in ISO 19109:2005.

iv. GF_Constraint to represent constrains of attributes, operations and feature type is eliminated to

jary

make the structure of GFM simpler. The constraint is important class to evaluate the quality of
objects. However, the quality requirements can be specified in the data product specification
separately.

. GF_AssociationRole to represent roles of feature type associated with other feature type is
eliminated to make the structure of GFM simpler. Instead, association role name become an
attribute of AssociationType. In gittok GFM, association type is defined so as to link feature types
as one-way connection.

i. ArgAttPair to describe arguments and return value types for operation is added. And direct
associations between operation type and attribute type are eliminated. Because, signature defined
in GF_OperationType is just the character string and no detail description about the syntax of the
operation. Instead, ArgAttPair enables the definition of operation type implementable. This class
also enables the associations between attributes defined in the application schema and prepared
operations already embedded in gittok.

ii. ApplicationSchemaType to describe a root element of application schema instance is added.
Because, as far as application schema is an instance of gittok GFM, ApplicationSchemaType as a

metamodel of the application schema is required.

Gittok GFM

In Figure 3.2-2, an application schema (ApplicationSchema) consists of feature types (FeatureType)

and association types (AssociationType).

Feature association is defined as a relationship that links instances of one feature type with instances

of the different or the same feature type. Therefore, the main role of feature association is to represent

connection between features. In gittok GFM, AssociationType is defined by from-feature type and to-

feature type, and a name, attributes, and operations. “From” and “to” means an associating direction.

Meanwhile, let’s imagine the distance between two objects A and B. Is distance an attribute of A or

B? Basically, it is a characteristic of relationship between two objects. An operation to calculate the
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distance of two objects should be an operation in the association type. Therefore, AssociationType
may have attributeTypes and operationTypes. As a matter of fact, an association type is a subtype of a
feature type according to the ISO GFM, because it is also an abstraction of the real-world phenomena.
However, inheritance and association between other associations are not allowed in gittok to maintain
the structure of application schema simple. This is the reason that an association type is not a sub-type

of a feature type in gittok GFM.

OperationType is a member of operationTypes and it defines attributes used as domains (arguments)
and a range (return value) for the operation. The combination of the predefined argument of the
operation and the attribute of the feature type are described in the pair of arguments and attribute

(ArgAttPair) in gittok GFM.

ApplicationSchemaType

name : String

1 associationTypes

featureTypes
0.1 yp

parent

FeatureType AssociationType

1 0..*

name : String
definition : String

isAbstract : Boolean

0..* | name : String from links S
- . roleName : String
hild definition : String style : String
children . Gpri 1 0.% :
proxyName : String correspondence [2] : String
to linkedBy

The first element of correspondence is
multiplcity

of "from" and the second is "to".

"1" means single, "n" means multiple.
Multiple means "equal to or more than one".

operationTypes | 0..*0..* | operationTypes attributeTypes | 0..* 0..* | attributeTypes
OperationType AttributeType
type : String derived : Boolean

name : String name : String

returnFATypeName : String
returnAttributeName : String

dataType : String
multiplicity : Boolean

Figure 3.2-2. Gittok GFM as a profile of ISO GFM.
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AttributeType is a type of members in attribute Types. It consists of an attribute name and a data type.
Data types are classified into spatial, thematic and place those are introduced in the following sections.

There is no restriction to declare the spatial attribute is mandatory as same as Figure 3.2-1.

Restriction on definition of virtual feature
As already discussed the difference between physical and virtual features, a non-geometric attribute
should be selected as the proxy for virtual features. Gittok GFM allows that FeatureType has an

attribute ‘proxyName’. Currently, data type of a proxy attribute shall be a character string in gittok.
3.2.3. Spatial schema

Spatial schema is provided for describing the spatial characteristics of geographic features. Generally,
spatial characteristics are described by geometric and topological objects. Spatial schema defined in
gittok consists of two-dimensional geometries (point, curve, surface and their complex) with topology
(Figure 3.2-3) , which is simplified the schema defined in ISO 19107 — Spatial schema (ISO/TC 211
2003a). Point (SG_Point) is a zero-dimensional primitive with a two-dimensional coordinate. Its co-
boundaries are curves. Curve (SG_Curve) used in gittok is a C° class curve. It means that a curve is a
one-dimensional primitive with an array of coordinates connecting from start to end point as
boundaries, and it associates with left and right surfaces as co-boundaries. Surface (SG_Surface) is a
two-dimensional primitive of which boundary has an exterior and more than zero interior rings. Ring
(SG_Ring) is a sequence of orientable curves. Orientable curve (SG_OrientableCurve) is a curve with
orientation. Curve has a direction as its nature, but a curve of opposite direction can be defined as an
orientable curve. It is useful for the construction of a ring. Geometric complex (SG_Complex) is a set

of primitives sharing only boundaries of adjacent primitives.

Meanwhile, ISO 19107 — Spatial schema specifies geometry independent from topology, but the gittok
spatial schema defines geometry with topology between primitives. The reason is that geometry has
boundary and co-boundary relationships with one dimensional lower and upper geometries by its
nature. However, point has no boundary of minus one dimension and surface has no co-boundary of
three dimension, because the extent of dimension in gittok is from zero to two. Off course, the minus
one dimensional space is rather difficult to imagine. Therefore, we should think, a point is open as it
has no boundary of minus one dominion. In other words, a point is open topologically, as it does not

have topological boundary. Meanwhile, geometrically, point has a boundary. Let represent (a, b) as an
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open interval of real number, where ‘a’ is a lower limit, ‘b’ is an upper limit, and ‘x’ is located inside
of this interval fulfill the condition (a < x < b). While the condition (a = b = x) is impossible, because
the condition becomes (x < x < x). However, when we think a closed interval [a, b], (x = x = x) is
possible. Therefore, {x} is closed in the one-dimensional geometric space. In the two-dimensional
geometric space, (y = y = y) is also satisfied. It means a point (X, y) in the two-dimensional space is
closed geometrically. As a consequence, a point has no topological boundary, but a point itself is also

its geometric boundary.

In Figure 3.2-3, a point has associations between ‘getln’ curves and ‘goOut’ curves. They are co-
boundaries. By the way, a geometric complex is closed geometrically, as every primitive in the
complex associates with its boundary primitives.

SG_Complex is defined in the spatial schema by referring to ISO 19107 (ISO/TC 211 2003a).

SG_Object
id: String
featurelD: String
attributeName: String

i

SG_Primitive SG_Complex

0.* l pointSet curveSet l 0.* 0.* lsurfaceSet
; 0..* 0,1
SG_Point SG_Curve :

- : start goOut . left | SG_Surface
position: Coordinate2 0.* |shape: CoordinateArray 0,1
end getin right
original

exterior 0..* | interior

- 0..2 | extend .
Coordinate2 ArrayList SG_OrientableCurve SG_Ring

x: Number o id: String ;ié*ments id: String
y: Number orientation: Boolean
dimension: Integer CoordinateArray

Figure 3.2-3. Spatial schema used for the introductory course of GIT.

However, the GI applications having a capability to describe geometry complex is not so common. At
least, geometry complex is not usable in some GISs currently used. The reason is maybe that a large
network (e.g., a water tube network) will be monopolized by one client. During data updating, other
client cannot use this network data for example for risk assessment of water pipe network. However,

theoretically, it is useful to provide geometry complex, if the return value of spatial analysis operation
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takes a graph structure. Therefore, spatial schema in gittok has SG_Complex so that it can be used as

the return value of, for example, for shortest path finding.

CoordinateArray is an array list of coordinates. Array list supports dynamic arrays that can grow as it
is required. Generally, we use an array list to represent a curve as an ordered set of coordinates. In
gittok, a coordinate is restricted to two-dimension. However, it will be able to extend to three-
dimensional, as long as the geometries can be mapped onto a plane without overlapping. The reason
to restrict the coordinates in two-dimensional space is that the teaching period of time is limited. By
the way, coordinates are described in accordance with the coordinate reference system (CRS). Schema

for CRS will be discussed in 3.4.

In the history of GI systems, there has been a tradition of describing geospatial data with discrete
object (vector data) and continuous field (raster data). However, gittok does not provide a special data
type that describes continuously distributing phenomena such as terrain and temperature distribution.
This is because continuously distributing phenomena are objects having a certain geographic extent.
For example, an object obtained by airborne sensor may be described as a collection of points having
two-dimensional coordinates (X, y), height and spectroscopic characteristics as attributes. And, in
addition, this object may have an operation including an interpolation method which estimate the
characteristic of an arbitrary point in the extent of the object. Therefore, we do not define special data
type for continuously distributing phenomena in gittok. By the way, we should remind that gittok
cannot describe a surface that is homeomorphic with a two-dimensional manifold as a surface shall be

geometrically two-dimensional to be able to map onto a plane.

3.2.4. Thematic attributes

Thematic attributes are, for example, integer, real, Boolean, character string, date-time and memo in
gittok GFM. Memo is an original data type for gittok. It is a composite data type, which consists of a
title (or section name) and sequence of more than one sentence. This is useful to explain a feature as
an article with sections. Other data types are primitive types (ISO/TC 211 2015a). It means they are

kept in an object as attribute values.

Attribute with an integer or a real value may have a unit of measure. Date-time type is implemented

in programming language and operating system. As gittok is implemented as an Adobe Air application
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coded by ActionScript V3.0, an instance of the Date class represents a particular point in time for
which the properties such as month, day, hours, and seconds can be queried or modified. It is relative
to Coordinated Universal Time (UTC) or relative to the local time, which is determined by the local
time zone setting on the operating system. A function getTimezoneOffset():Number returns the time
difference (in minutes) between UTC and local time.

Figure 3.2-4 shows the structure of primitive data types. GDate means ‘Gregorian date and time’ of

which value type is Date class in ActionScript. Currently, GDate is used only as the publishing date

of metadata.
Memo
ThematicDataType title : String
A
v : Any N get value() : String
T set value(_v : String)
Integer Real Bool CharacterString GDate
get value() : int get value() : Number get value() : Boolean get value() : String get value() : String
set value(_v : int) set value(_v : Number) | |setvalue(_v : Boolean) | |set value(_v : String) set value(_v : Date)
| Any | | uint | | int | | Number | | Boolean | | String | | Date |

These data types are provided by Actionscript V3.0.

Figure 3.2-4. Thematic data types shown as UML class diagram adopted in gittok GFM.

3.2.5. Place identifiers

Place is defined in the Oxford English Dictionary as follows.
“a particular position, point, or area in space;,
a location: I can't be in two places at once |
the monastery was a peaceful place |
that street was no place for a lady |

figurative: he would always have a special place in her heart.”

Meanwhile, ISO 19112:2003 — Spatial referencing by geographic identifiers (ISO/TC 211 2012a)
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defines “location” as an identifiable geographic place; meaning location is a part of the real world.
However, we usually use not only a street address or zip code but also uniform resource locators
(URLs) of an image, movie, sound and home pages on the web as attributes of a feature. In fact, place

is defined as “identifiable part of any space” in ISO 19155:2012 — Place identifier (PI) (ISO/TC 211

Place

id : String

featurelD : String
attributeName : String
location : String

Address
zipCode : String URL ImageURL
country [0..1] : String

VideoURL SoundURL

Figure 3.2-5. Place data types in gittok described by UML class diagram.

2012b). Therefore, we use the term place not location in this thesis. Place is not only a location in the
real world, but also a location in the virtual world, for example, ‘her heart’. Place in Figure 3.2-5 has
four attributes. Id is a unique identifier put by application. FeatureID is an id of the feature instance
that has this place attribute. Attribute name is a name of the place attribute type held by the feature.
Location as an attribute of Place is a uniform resource locator (URL) of the attribute, such as
“www.attStock.net/images/photo001.jpg”. However, if the place is address, we use Address.
Therefore, location inherited from Place will be a local address without zip-code and country name,

such as “2 Rokuban-cho, Chiyoda-ku,, Tokyo”.

3.2.6. Application schema illustration

There are two methods to represent application schema. One is a description as a UML class diagram
in accordance with the rules described in GFM. The other is a description as an object diagram of
GFM class diagram. Both of them are used in this thesis. For example, Figure 3.2-6 (a) is a class
diagram illustrated in compliance with GFM, while Figure 3.2-6 (b) is an object diagram in accordance
with the UML notation rule as an instance of GFM. Application schema in gittok is described as an

instance of GFM. Therefore, its graphic representation should be an object diagram. However, we also
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describe the application schema as a class diagram to ease to understanding.

Building featureType[103]:FeatureType
owner:CharacterString false:isAbstract
@ utilization[*]:CharacterString (b) Building:name
«px»shape:SG_Surface A structure with walls and roof:definition
shape:proxyName

attributeType[0]:Attribute Type
false:derived

owner:name
CharacterString:dataType
true:multiplicity

null:unit

attributeType[1]:Attribute Type
false:derived

utilization:name
CharacterString:dataType
true:multiplicity

null:unit

attributeType[2]:Attribute Type
false:derived

shape:name
SG_Surface:dataType
false:multiplicity

null:unit

Figure 3.2-6 Illustrations of application schema as (a) class diagram and (b) object diagram of

GFM
3.2.7. Temporal schema

Temporal attribute is a one-dimensional geometry (instant and period) with topological relationships.
However, at this moment, it is not implemented in gittok. Because, temporal attributes are not only for
feature and association, but also, they may be attributes of elements in application schema. Elements
of application schema such as attributes in a feature type may be redefined when the universe of
discourse changes. Therefore, we should consider how to integrate temporal characteristics such as
schema extension or restriction in the temporal GFM. And we should consider the impact to feature
instances caused by schema growing. Therefore, consideration about temporal schema and its

implementation in gittok are the future issues.
3.3. General instance model (GIM) and instance model

Encoding is a process to convert from geospatial objects stored in the server to a system-independent

data suitable for transferring to the client. The inverse process is called decoding. Encoding and
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decoding are performed by following the instance model. To make an instance model understandable
for people and systems in different application domains, we should standardize a metamodel for
instance models. Geography Markup Language (GML), Keyhole Markup Language (KML), shape,
GeoJSON, TopoJSON, and the generic instance model defined in the ISO 19118. — Encoding (ISO/TC
211 2011b) are all GIM.

GML is a metamodel for instance models called GML application schema. It enables to describe
geospatial objects as an XML document. GML is widely used for geospatial data exchange. Especially,
OGC encourages to construct GML application schemata for data exchange in various application
domains. Nevertheless, one of our aims is to introduce the learning assistance software tool on GIT
and GI standards especially provided by ISO/TC 211. ISO GML is in compatible with GFM, however

unfortunately, its structure seems to be too complex to learn in the introductory course of GIT.

Shape, provided by ESRI is probably the most commonly used and supported data format for
geographic information (Portele 2011). GeoJSON (Butler et al. 2015) provided by the Internet
Engineering Task Force is a geospatial data interchange format based on JavaScript Object Notation
(JSON). And TopoJSON (Bostock and Metcalf, https://github.com/topojson/topojson-specification
accessed 2018-11-03) is a topological geospatial data interchange format based on GeoJSON. They
are also widespread across the world today. However, these formats are not designed in compliance
with ISO GFM. Because, they define geographic data as a combination of geometry and other

attributes. If these formats were in compatible with GFM, they would be able to adopt in gittok.

ISO 19118.:2011 — Encoding (ISO/TC 211 2011b) is the standard for the creation of instance models

in accordance with the general instance model (GIM). GIM described in ‘ISO 19118. Chapter 8. -

Generic instance model’ is defined in writing as follows.
“The basic unit of information in a dataset is the object. An object shall be an instance of a single
concrete class. There are no instances of abstract classes and classes stereotyped as interface. Thus,
properties defined by such classes are encoded as part of concrete classes inheriting or realizing
them. Each class shall have a unique name within the application schema. The application schema
may refer to or use classes defined in standardized schemas or other application schemas. The
declaration of these classes shall either be included in the UML model that contains the application

schema or accompany the application schema as a separate file.
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An object shall contain a set of property values. The object's class defines the properties and they
can either be inherited through the ‘class' supertypes or defined within the class itself. In order to
differentiate between the different properties, the properties shall have names that are unique within
its class. The property's data type governs the possible values and the multiplicity statement

indicates the number of instances of the attribute in an instantiated object.”

We specify the instance model by referring to GIM for transferring geospatial objects. In addition, we
add auxiliary information about coordinate conversion in the geospatial dataset. When you digitize
features drown on the base map, you need the geometric orientation to get parameters for conversion

between map coordinates and ground coordinates. These parameters and data quality information such

Kit

math::AffineParam

applicationSchemaURL : String
baseMaplmageURL : String
crsURL : String
pointList : Dictionary
curvelist : Dictionary
surfacelList : Dictionary
complexList : Dictionary
orientableCurvelList : Dictionary
ringList : Dictionary
addressList : Dictionary
memolist : Dictionary
urlList : Dictionary
featureSetArray 0% imageURLList : Dictionary 0..*
- soundURLList : Dictionary
FeatureSet videoURLList : Dictionary

coefficient : Array
variance : Array
affineParam |ids : Array

error : Array

associationSetArray

AssociationSet

— Pra——
featurelDs [0..*] : String associationIDs [0..*] : String

GeodataElement

typeName : String

JAN

featurelList 1..% associationList| 0..*
1.* 0..*

Feature Association
- . relateFrom connects

id : String id : String

1.* 0..*
relateTo connectedBy

attributes [ 1..* 1..*| attributes

Attribute

attValueList : ArrayList

If a data type of an element of The attValueList is primitive,
then a content of the array list is a value.

While, if a data type is complex,

then a content of the array list is an id reference (idref).

Figure 3.3-2. Instance model adopted in gittok.
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as variance co-variance matrix of measuring errors are useful information for the transferring and the
quality evaluation for reuse. Usually, such an information is not included in the application schema,
because it is independent from the object description. Rather, such information may be included in the
metadata. However, they should be included in the dataset, because it is possible to convert between
map coordinates and ground coordinates without metadata. Information closely related to the dataset

should be included in the dataset.

One more reason to define an instance model is that an application schema describes the conceptual
structure of objects, while an instance model defines the physical structure to describe feature
instances and association instances. The instance model shown in Figure 3.3-2 is schematized for
gittok. This instance model aims for transferring of geospatial objects captured by map digitizing. In
the figure, ‘Kit’ is defined as a class of geospatial objects including not only a collection of instances
but also unique parameters for objects captured by map digitizing. Differences between application

schema and instance model for gittok are explained below.

- Operations are not included in an instance model, because kit is a set of instances, but operation is
so called a ‘class method’. It should be implemented in the application as prepared function.
Therefore, as far as a kit is transferred with its application schema to the client, operation syntax is
un-necessary to include in each object.

- In the kit, the feature identifier and the association identifier are grouped by that type in the
FeatureSet and the AssociationSet. And, elements of FeatureSetArray and AssociationSetArray are
feature set and association set. These groups are index of instances. Instances can be searched
effectively by their types. This mechanism is equivalent to a layer used in the conventional GISs.
Indexing of instances are not included in application schema as application schema is a conceptual
structure and not a physical structure of data set.

- Attribute values of complex data type are grouped and separated from feature instances. Attributes
are stored in the dictionary, and instances links with their attributes by key-ids. In general,
dictionary is a collection of (key, value) pairs called an associative array. In the case of attributes
dictionary, key is a unique attribute id, and a value is the content of attribute. Conversely, for
example, when geometric attributes are digitized by using the geometry editor, we think a geometry
is a main object and feature instance is its adjunct. Such an equal relationship is possible by the
separation between feature/association and attributes. Meanwhile, GFM does not care how to

manage a set of attributes physically in a kit.
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featureList is a repository of all feature instances. A feature instance connects with a set of
associations as from-features, and is connected by a set of associations as to-features. Similarly,
associationList is a repository of all association instances. GFM also does not care how to manage

and how to link different features by associations physically in a kit.

In addition, in the Kit class,

applicationSchemaURL is a resource locator of the application schema.

baseMaplmageURL is a resource locator of the base map used for digitizing geometric and non-
geometric attributes.

crsURL is a resource locator of a set of parameters representing CRS including a geodetic datum,
a vertical datum, a map projection, and a definition of the plane coordinate system. It is used for
the conversion between plane coordinates and geodetic coordinates (latitude and longitude).
affineParam is a set of parameters for the conversion between map coordinates and local plane
coordinates on the ground. AffineParam contains coefficients of affine transformation (coefficient),
a variance-covariance matrix for the quality evaluation of the orientation (variance), Identifiers of
control points (ids), discrepancies between measuring points and control points acquired as a result
of the map registration (error).

pointList, curveList, surfaceList, complexList, orientableCurveList, and ringList are dictionaries
as parts of geometric objects. In the case of geometric object dictionary, key is an id of the
geometric object, and a value is the instance. addressList is a set of addresses indirectly showing
the geographic positions.

memoList is a set of memos.

urlList, imageURLList, soundURLList, and videoURLList are dictionaries of unique resource

locators for multifaceted (having multimedia attributes) data.

3.4. Schema for coordinate reference system (CRS)

CRS is defined as a “coordinate system that is related to an object by a datum” in ISO 19111(ISO/TC

211 2007a). The schema for gittok CRS is shown in the Figure 3.4-1. This is a profile of ISO CRS,

which is simplified by the limitation of coordinate system (CoordinateSystem).

Geodetic datum (GeodeticDatum) is defined as a set of parameters to describe a shape of the earth as

a reference ellipsoid (Ellipsoid). Name (name) of the ellipsoid, semi-major axis (semiMajorAxis) and
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inverse flattening (inverseFlattening) are the parameters of the ellipsoid. Inverse flattening is defined

as, a/ (a-b). Where ‘a’ is a length of semi-major axis, and ‘b’ is a length of semi-minor axis.

The prime meridian (PrimeMeridian) is a starting meridian for measuring of longitude. It is a curve
usually passing Greenwich in England and the east direction is plus. However, prime meridian can be
put at any longitude. The offset of primary meridian is defined as the longitude from Greenwich

(GreenwichLongitude). Usually it is not used in Japan.

Coordinate system (CoordiateSystem) consists of a definition of Axis and a definition of projection
system. Each axis is defined by its name (e.g. ‘x’), direction (e.g. ‘north’), and the unit of measure
(e.g. ‘meter’). Projection system specifies the relationships between geodetic coordinates and plane
rectangular coordinates. Gittok introduces Gauss-Kriiger projection only. This projection is commonly

used in the world especially as the Universal Transverse Mercator (UTM) projection. The plane

GeodeticDatum Ellipsoid
1 1 1
id : String name : String
datum |name : String ellips |semiMajorAxis : Number
inverseFlattening : Number
1
1 PrimeMeridian
1 pm GreenwichLongitude : Number
CRS o1 VerticalDatum
id : String SR String
vDatum | name : String
1
CoordinateSystem Axis
. . *
1\Jid : String _ 1 L. name : String
cs name : String axis |direction : String
dimension : Integer uom : String

GaussKrugerProjection

0,1 |scaleFactor : Number
origin : Coordinate2

ps falseEasting : Number
falseNorthing : Number

In case Geodetic Coordinate System (lat, lon)
or Geocentric system, GaussKrugerProjection
is un-necessary.

Figure 3.4-1. Coordinate reference system in gittok
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rectangular coordinate system used in Japan is also the Gauss-Kriiger projection system. The scale
factor (scaleFactor) at the central meridian in each zone for the UTM is 0.9996, while the scale factor
for the plane rectangular coordinate system is 0.9999. The territory of Japan is separated to 19 zones
for the plane rectangular coordinate systems. Each system keeps the scale factor is between 0.9999
and 1.0001. The origin of plane rectangular coordinate system is defined for each local system. For
example, for Zone No.9 including Tokyo, origin latitude is 36° N, and origin longitude is

139.8.333333° E.

Gittok adopted the formula of Gauss-Kriiger projection proposed by (Kawase 2011), because,
according to (Masaharu 2017), it was practically adopted in the calculation formulas of the Rules and
Specifications of Public Survey in Japan replacing the former formulas (series expansion of longitude

difference from the central meridian) in 2013.
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4. Conceptual structures for cartographic objects
4.1. Introduction

According to the Oxford English Dictionary, the definition of cartography is “the science or practice
of drawing maps.” Meanwhile, more than 300 definitions of a map had been proposed since 1649 until
1996 (Andrews 1996). It means the definition of cartography had also evolved frequently. Recently,
Kraak and Ormeling (2013) proposed the definition of cartography as follows,

“Making accessible spatial data, emphasizing its visualization and enabling interaction with it, aimed

at dealing with geospatial issues.” (Kraak and Ormeling 2013)

However today, according to the strategic plan described in the directory of the International

Cartographers Association (ICA), the definition of cartography becomes rather un-clear as follows.
“With the introduction of computing and the growth of GI systems, the perception of Cartography
is less clear to many than it was in the past. Definitions may be dated and open to different

interpretations.” (ICA 2015)

The reason may be that the conventional scope of cartography has been limited to the graphic
representation on a paper or a display device. Therefore, we should not hesitate to replace the term
cartography by different interpretation. The new term should cover from conventional map making to
advanced technology for augmented reality experiences. For example, virtual geo-experience
technology may be one candidate to replace cartography. However, we need to make consensus before
adopting the new term. Therefore, in this thesis, we tentatively use the term cartography as a

technology for representation of geospatial information until the new term will be fixed.

Today, there are many chances to see cartographic products such as navigation map, facility guidance
map, map for games, augmented (or mixed) reality, and so on. They are mechanisms to show
geospatial information through man-machine interaction with personal computers, tablets, smart

phones, headsets and so on.

However, it is essential that we have to understand the conversion procedure from geospatial objects

to cartographic objects, then from cartographic objects to cartographic products. Cartographic objects
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in the surface structure are resource to

. Standardized
produce a map face as a collection of (Surface structure) ™ cartographic objects

VMT2

. |
i Carographic product
RM

symbols and labels. In gittok, these are
Cartographic objects
expressed using symbol and label styles (Map, Gazetteer
and List) vmT1

registered in SSD and LSD. Then, |

I
cartographic objects are edited and Portraya‘r schema, %
ssp,LsD, 77 i
converted to the cartographic product for Map instance model Requirements
and
visualization on the man-machine List schema L. Portrayal schema,
b SSD, LSD,
interface. --- ! Map instance model
: i and
' v List schema

v v
GPM with Schema for SSD

In this chapter, we will discuss the issues G Schema for LSD

on GPM and GLM enabling the software i i
y v
UML

implementations for designing portrayal

schemata and list schemata, and then
Figure 4.2-1. Meta models, models and an instance

instance models for map, gazetteer and ) ..
for mapping and listing.

list enabling the description of

cartographic objects in the system independent formats.

4.2. General portrayal model (GPM)
4.2.1. Introduction

In this section, we introduce GPM, the schema for SSD, the schema for LSD, and GLM as a part of
GPM. Figure 4.2-1 shows the surface structure including these metamodels. This diagram is a part of

the concept map of GIT on the view point of objects shown in Figure 2.6-1.
422.GPM

Various kinds of software tools for geospatial representation are currently in use. General purpose
GISs such as ArcGIS and QGIS have strong functions for map representation. Google, the Open Street
Map foundation (OSM), National mapping organizations such as GSI of Japan, and so on provide the
web map APIs to make applications on their services. The textbook on D3.js introduced four software
tools for mapping (Kartograph, Leaflet, Modest Maps, Polymaps) (Murray 2013). Mapmap.js is a tool
to design interactive thematic maps displayed in web browsers (Ledermann and Gartner 2015). These

tools are widely used for map representations. However, many of them do not have capability to use
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geospatial objects following application schemata, which refer to GFM provided by GI standards,
because they rarely use the object-oriented modeling of features. Therefore, it is not so easy to embed
existing tools as a representation software component in gittok. This is the reason that representation

mechanisms were developed from scratch.

(@)

PortrayalSchema

applicationSchemaURL : String
symbolStyleDictionary : String
labelStyleDictionary : String 0..* | gfm::AttributeType
representationOrder [1..*] : String

infoPages
fpUnits | ,0..* (b)
FeaturePortrayalUnit 0.1 ThematicCondition
typelD : String attName : String

thematcModifier attType : String

generalModifiers | 0..*

AttributeStylePair
elements | 1..*

attName : String

attType : String Modifier
symName : String
(a) symType : String
hasValue : Boolean
‘ JAN
AttributeSymbolPair AttributeLabelPair
symName : String lavelName : String
symType : String labelType : String
refGeomAttNamg + String BooleanModifier QualitativeModifier QuantitativeModifier
roundDecimal : int
unit : String boolValue : Boolean stringValue : String lowerValue : Number
locale : String upperValue : Number

Figure 4.2-2. UML class diagram to show general portrayal model (GPM). Area (a) specifies a
metamodel for general-purpose maps, (b) for thematic (choropleth) maps, and (c) for interactive
maps.
Nevertheless, gittok GPM (Ota 2016) is a metamodel that enables the instantiations of portrayal
schema for general-purpose maps, thematic choropleth maps and interactive maps to show information
pages. Information page is a special balloon page to represent different kinds of feature attributes such

as images, videos, audios, addresses, memos and websites.

Figure 4.2-2 shows the structure of gittok GPM. Primary objective of GPM is to determine the
representation rules for each type of features. Therefore, a combination of feature type and its modifier
to declare a representation style is an essential element for representation. In the figure, this is

represented by FeaturePortrayalUnit. This type relates with general modifiers (AttributeStylePair) for
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general purpose maps, thematic modifiers (ThematicCondition) for choropleth maps, and information
pages (gfm::Attribute Type) for interactive maps. These three items may be used together to represent,

for example, interactive general-purpose maps.

If a map is a general-purpose map, AttributeStylePair defines the symbol style or a label style used for

the representation of a feature. ((a) in Figure 4.2-2)

In the case of a choropleth map, ThematicCondition is used to define a color included in the symbol
type (symType) used to represent the ranks of attribute values (elements). The elements for the
representation of ranks are defined in order to reflect the data type of an attribute. According to the
attribute data type, specialized modifiers are selected as follows. ((b) in Figure 4.2-2)

- ‘BooleanModifier’ defines the symbols according to true or false.

- ‘QualitativeModifier’ defines the symbols according to the string value.

- ‘QuntitativeModifier’ defines the symbol according to the interval of extent (lowest number and

highest number).

For example, to make a map to show population density distribution of census districts in a city, the
geometry used to show a district is displayed as an area drawn by a suitable color for ranking, chosen
from a set of area symbols. Those ranks indicate population density extent, which is defined by the

quantativeModifer.

Furthermore, if feature type is multifaceted, its attribute types (infoPages) can be shown as information

pages (Figure 4.2-2 (¢)). Examples of information pages are illustrated in Figure 8.8-7.

4.2.3. Schema for symbol style dictionary

A schema for symbol style dictionary (SSD) specifies rules for a dictionary describing symbol styles
(Figure 4.2-3). Symbol styles are classified into line symbol style, area symbol style, point symbol
style, and complex symbol style, as geometric elements in two-dimensional space are point, line, area

and their combination.
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SymbolStyle
1.*
id : String
styles name : String
ComplexSymbolStyle
1 0,1 0,1
pointSymbolStyle lineSymbolStyle areaSymbolStyle
complexSymStyles| 0..*
PointSymbolStyle LineSymbolStyle AreaSymbolStyle
size : Number color : int fillStyle : Boolean FillStyle is true,
thickness : Number 0,1 color : int if an area is filled by
alpha : Number alpha : Number color and alpha.
0..* | pointSymStyles |caps : String borderStyle url : ImageURL
elements | 1..* joints : String
dash : Number 0.
CoordinateArray gap : Number -
areaSymStyles

0..* | lineSymStyles

CircleSymbolStyle

SymbolStyleDictionary

If a style of an element is a circle, then the first coordinate is the center
and the second coordinate represents distance to the boundary. name : String

Figure 4.2-3. UML class diagram to show a schema for SSD.

In gittok SSD, line symbol style (LineSymbolStyle) is a style of a curve declared by color, thickness,
alpha value (opacity), cap style of both edges of a curve, joints (shape of a vertex), and dash and gap

of a dashed curve (real line, if both parameters are zero).

Area symbol style (AreaSymbolStyle) is a style of a closed surface declared by a style for filling inside
of a surface. If the inside is filled by color, RGB code and alpha value are declared. If the inside is
filled by texture pattern, the URL of image is declared. The style of the boundary curve is also declared,
if it is required. Circle symbol style is a specialized type of area symbol style. All attributes of circle

symbol are inherited from area symbol style.

Point symbol style (PointSymbolStyle) is a style of a point declared by its size, coordinate arrays
representing curves and areas as parts of a point symbol. For example, if you want to make a point
symbol as a circle that is inside of a square, you have to combine circle and closed polyline. This point
symbol style is defined as a combination of circle symbol style and line symbol style. Therefore, point

symbol style is defined as a set of other symbol styles.
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Complex symbol style (ComplexSymbolStyle) is a style of a combination of point style, line style and

area style. This is used to represent a geometry complex following SG_Complex.

Finally, a type of symbol style dictionary (SymbolStyleDisctionary) is defined as a combination of
pointSymStyles, lineSymStyles, AreaSymStyles and complexSymStyles. SSD is an instance of

SymbolStyleDictionary.

4.2.4. Schema for label style dictionary

A schema for label style dictionary (LSD) specifies rules for a dictionary describing a label style
(Figure 4.2-4) as a set of label styles. The label style consists of a label identifier (id), label name
(name), font type (font), font size (fontSize) in pixel, RGB value (color), opacity value (alpha), and

reference position index (reference).

LabelStyle

id : String
« | name : String

LabelStyleDictionary 1.

font : Font Reference position indices
name : String labelStyles | fontSize : Number

color : int 0,
alpha : Number 34 4

reference : Integer ¢
6

2
.

®5

(]
8

N0 —

Figure 4.2-4. UML class diagram to show schema for LSD.

By the way, we do not discuss visual variables originally proposed by Jacques Bertin (Bertin 1983).
Actually, position, size, shape, brightness, hue, orientation, and texture are essential parameters for
designing symbols and labels. Therefore, we are providing the schema for SSD for designing symbols
with size, shape, color (RGB and opacity), and texture pattern. However, the study about graphic
design technique for symbol and label is out of scope for this thesis, because it is a subject regarding

the cartographic design.
4.3. General list model (GLM)

General list model (GLM) is the metamodel for list schemata. It is described as a part of GPM, as list
is a portrayal means for virtual features. The role of GLM is to make it possible to select the feature
types included in the list, and the attributes contained in the list to explain each feature type. The

structure of GLM is shown in Figure 4.3-1. A list schema (ListSchema) has a set of selected feature
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types (featureTypesForListing) for listing. The proxy attribute of selected feature types shall be non-

geometric. Each feature type associates with selected attribute types (attributeTypes) for listing.

ListSchema

applicationSchemaURL : String

gfm::FeatureType
/\

featureTypesForListing 1..%

FeatureTypeForListing

1% attributeTypes

gfm::AttributeType

Figure 4.3-1. UML class diagram to show GLM.

4.4. Instance models for map, gazetteer and list
4.4 1. Map instance model

Map instance model in accordance with the portrayal schema is described in this section. A map can
be shown on the display device by indicating the screen coordinate origin (X, y), map size (width,
height), map scale, and color with alpha value for the background of the map are declared. All of

them are attributes of a map. A map also keeps the correspondent kit file name as reference.

A map consists of two components. They are a map face as a set of symbols and labels, and marginalia
as information about the map. They are illustrated in accordance with SSD and LSD. Marginalia
consists of title, subtitle, north arrow, bar-scale, and legend. The subtitle can be freely used to describe
production information including authorship, publication date, map projection and other information
of that the user should know. Symbols may associate with information pages as required, if a map is

interactive.
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Map PortrayalSchema
kitFileName : String
% : Number portrayalSchema
y : Number
width : Number -
height : Number Title
scale : Number title
backgroundColor : Integer
backgroundColorAlpha : Real subTitle
NorthArrow
0..* 5ymb0|Array 0..* IabeIArray northArrow
Symbol Label
Legend
legend
0..* | infoPages BarScale
InfoPage barScale

Figure 4.4-1. Instance model for general-purpose map briefly illustrated in UML.

4 .4.2. Gazetteer instance model

Gazetteer is an adjunct of a map, because it is Gazetteer

an index of features drawn on the map. A
gazetteer is produced as a part of mapping

procedure. Figure 4.4-2 shows the instance 1+
locationinstances -

model for gazetteer. Gazetteer is a set of Locationinstance

location instances. It can be produced geoName : String
position : Coordinate2

automatically as long as the combination of
geographic name (geoName) and the position Figure 4.4-2. Gazetteer instance model for
of feature (position) can be selected. According gittok illustrated in UML.
to ISO 19112 (ISO/TC 211 2003Db), it is defined

as a directory of geographic identifiers describing location instances. Therefore, LocationInstance is

defined as a combination of non-geometric attribute and geometric attribute in a feature.
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4.4 3. List instance model

The instance structure of a list is shown in Figure 4.4-3. An instance of GeoList is the list produced
from the geospatial objects in compliance with the list schema. GeoList consists of two attributes.
They are fTypeForListing and listElements. The former is a feature type for listing, and the latter is a
collection of elements of the list. The list element (ListEelements) is formed by a set of attributes
selected from each feature instance. ListElement keeps the name of proxy attribute (proxyValue)
brought from the original feature. ListElement also has items (Listltem), in which the attribute name

(itemName) and attribute values (itemValues) are stored.

Geolist

listElements| 0..*

ListElement

proxyValue : String

items | 1..*

Listltem

itemName : String
itemValues [1..*] : String

Figure 4.4-3. Instance model for list illustrated in UML.
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5. Conceptual structure for geospatial functions
5.1. Introduction

Conceptual structure for geospatial functions is introduced in this chapter. As already discussed,
geospatial functions are included in the deep structure. They are modeling, acquisition, analysis, and
exchange. In this chapter, we will discuss those functions in detail and propose the conceptual

frameworks for those functions.

5.2. Modeling
5.2.1. Introduction

Modeling consists of a function to provide application models by abstraction of the real-world
phenomena, and a function to provide portrayal models for designing of cartographic products. A
formal description of conceptual model for geo-processing is called an application schema, which is
modeled in accordance with GFM. While, cartographer designs the geospatial representation from the
given geospatial objects using the portrayal schema in compliance with GPM. Portrayal modeling will

be discussed in the section 6.2, as it is included in the surface structure discussed in Chapter 6.

Today, it is not so easy to find GI systems applying GFM as a metamodel for application modeling.
As a matter of fact,
“One of the most important advantages for the automated spatial data model was the development
and application of dual data systems that handled graphics and attributes separately” (Foresman
1998.)

The dual data system is explained as follows,
“The spatial key is distinct, as it allows operations to be defined which are not included in standard

query languages” (Goodchild 1992)

As 0f 1992, it certainly was as explained by Goodchild. However, in the same year, the object-oriented
GIS called TIGRIS was introduced and the extension of SQL to realize geometric and topological data
handling in DBMS was proposed (Herring 1992). Then, in 1999, ISO/IEC established “ISO/IEC
13249-3:1999 Information technology -- Database languages -- SQL Multimedia and Application
Packages -- Part 3: Spatial”, and then geometric data type can be handled in ORACLE database,
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PostgreSQL and so on (Ota 2014). Moreover, GFM defined in ISO 19109 (ISO/TC 211 2005) is a
collection of rules for application schema, and GFM is modeled based on the object-oriented
technology. According to Ahearn,
“geospatial models in object-oriented systems offer four distinct advantages over procedural layer-
based models: (1) the real-world object is the basis for abstraction, not its geometry; (2) topology
can be set not just between entities of a single type (i.e. within layer) but between multiple entity
types, (3) a richer set of associations is possible and (4) modeling is more extensible owing to the

principles of inheritance, encapsulation, and polymorphism” (Ahearn 2008).

In addition, abstract class can be defined in the object-oriented technology. For example, we may
declare that building, bridge, road, and park are all artifacts as an abstract class. Artifact is an
imaginary feature (abstract class), but there is a possibility to define abstract concept to make the
object structure consistent by inheritance. However, it is difficult to define abstract feature type for the
conventional layer based dual data systems, because feature types should be defined as physical
features as discussed in the section 2.5. It means that abstract feature type and a feature type without

geometry is not so easy to define in most of the conventional GI systems.

Meanwhile, we should keep in mind that  |nformation sources such as the real world, geospatial

. . data, documents, and so on
UML class diagram such as an application

schema is essentially created for designing (Modeling) %
of the software. For example, UML is Identify - - - - - - > Requirements
explained as follows,
Universe of
“On the surface, the Unified Modeling discourse
Language (UML) is a visual language
Schematize - ------- > GFM

for capturing software designs and

patterns. Dig a little deeper, though, and

you’ll find that UML can be applied to Application schema

quite a few different areas and can A------ >B A according to B

capture and communicate everything c—A.pa inputs C and outputs D

from company organization to business Schematization

processes to distributed enterprise

software.” (Pilone and Pitman 2005). Figure 5.2-1. Operations for modeling
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As far as an application schema is a formalized description of the universe of discourse, we need to
identify the universe of discourse before schematization. Therefore, Figure 5.2-1 shows two functions,

‘Identify’ and ‘Schematize’, for modeling of an application schema.

Functions are instances of the metamodel for functions shown in Figure 2.7-1. In the following sub-
sections, we discuss the identification of the universe of discourse, and the schematization of an

application schema.

5.2.2. Identification

Identification of the universe of discourse is a process to make consensus. For example, road
administrators in a municipal authority discuss and make consensus among officials about that features
(street, sidewalk, lamppost, street furniture, roadside tree and so on) and their properties (name,
geometric shape, date of announcement for shared use, record of road surface investigation, simulation
algorithm to get road service level and so on, in the case of street) should be included in the universe
of discourse to construct their road management system. The document as an output of identification
describes a set of features included in the universe of discourse. Actually, the know-how of discovering
user requirements is one of the most important knowledge for modeling (Hansen, Berente, and
Lyytinen 2009). However, we do not discuss this issue in detail in this thesis, as it is mainly a matter

of the stakeholders who have responsibility of the identification of the universe of discourse.

5.2.3. Schematization

Here, schematization means to provide an application schema by referring to the universe of discourse.
The purpose of the application schema is the formalization of the universe of discourse. Features
and feature associations defined in the application schema may hold attributes and operations as their
properties. For example, imagine that the user's request is "I want to know the shortest path from any
intersection to any other intersection". In that case, objects representing a road network is required.
Also, the road network should equip an operation for the shortest path finding. The application schema
shown in Figure 5.2-2 illustrates an example of schematization. A shortest path finding is performed
by giving an information indicating the start point or the end point to the attribute of the intersection
called startEnd. The WarshalFloyd method was selected for the path finding in this application schema,

and the result is stored in the attribute called shortestPath. By the way this example will be used at the
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section 8.7.
RoadNetwork

/shortestPath: SG_Complex
getPathByWarshallFloyd(
vertecs[1..*]: SG_Point,
edges[1..*]: SG_Curve,
startEnds[1..*]: CharacterString,

Schematization is a collaboration

work by modeler and stakeholders.

Modeler draws a draft and out shortestPath: SG_Complex)

improves it with stakeholders until

consensus is made. Stakeholders

Intersection 1. 1 Road
participating 1n the schematization position: SG_Point ” "S| centerLine: SG_Curve
startEnd: CharacterString edges
work should preferably have GFM

literacy. Moreover, to create a  pjgure 5.2-2 Application schema for shortest path finding.

reliable application schema, the
software that can be used as a testbed should be required. Gittok is not a testbed software, but it will
be useful to understand what the testbed should perform. We will discuss the software module called

‘Modeler’ in the section 8.4.
5.3. Acquisition
5.3.1. Introduction

Acquisition means buying or obtaining
Information sources such as the real world, geospatial

geospatial objects. Today, there are at data, documents, and so on

least two ways to get geospatial (Acquisition) %
objects. If already the adequate objects o  Requroments
exist, we will purchase it or get it free.

If there are no objects exist, we will Raw data

capture the objects by measuring or . » Application schema
observing by ourselves, or request C°°rdi”§;‘;zrifere”°e

capturing to the professional. In actual ,
Geospatial data

projects, different methods are often

. . . Transformation
combined to acquire a set of geospatial

objects. Figure 5.3-1. Data acquisition

Usually, data acquisition is done in

accordance with the specification, which includes the application schema. In the case of Data Product
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Specifications Version 1.0 provided by EuroGraphics as a part of Reference Information Specification
for Europe (RISE) (Illert and Afflerbach 2007) , the specification consists of,
1. Specification scope

ii.  Data product identification

iii.  Data content and structure (application schema, Feature catalogue)

iv. Reference systems

v.  Data quality

vi. Data capture

vii. Data maintenance

viii. Portrayal

ix. Data product delivery

X.  Metadata

This document was provided by referring to ISO 19131 — Data product specification (ISO/TC 211
2007b). The purpose of the standard is to provide practical help in the creation of such specifications
(Kresse, Danko, and Fadie 2011).

Nevertheless, a common sequence of data acquisition is listed below (Ota 2014) (Figure 5.4-1):

1. Surveying: getting the raw data including geometries (positioning, map digitizing, projection
conversion, and so on), imageries (image capture using digital camera, remote sensing, laser
scanning, rectification, and so on), environmental indicators (climate, sea level, pollutants of air,
water and soil, wastes, and so on), movies, audios, and documents and so on, in accordance with
the application schema.

ii.  Editing: compilation of the geospatial objects by converting and embedding row data as

attributes. Then, the geospatial objects are stored as a persistent file.

5.3.2. Surveying

There are various surveying methods in order to get the geospatial raw data. Various technologies such
as 1) numerical surveys by using photogrammetric instruments, GPS, total stations, active and passive
sensors and so on, 2) digitization of sheet maps and documents, and 3) transformation of legacy data,
are commonly used (Nakamura and Shimizu 2000). In addition, surveying has to be performed in

accordance with the corresponding laws and regulations. Moreover, data reliability depends on the
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skill of engineers. Therefore, the project planner should document the requirements for surveying
methods, product specifications, expected skill of surveying engineers, and special demands for the

project.
5.3.3. Editing

Geospatial object editing is a process to put together previously obtained items as attributes in the
object. We should edit objects with consideration for the characteristics of feature attributes. For
example, the coordinates in the geometric attributes should be converted so that they are included in
the same coordinate reference system (CRS). Traditionally, such a conversion is called a map
registration. However, simultaneously, we should remind, if the geographic extent of data exceeds the
limitation of the CRS or not. We need to estimate the systematic error caused by the CRS. In the case
of Japanese plane rectangular coordinate system using the Gauss-Kriiger projection, the east and west
limit of the geographic extent is about 130km and the distance from the central meridian will be about
13m longer than the length on the ground, because the scale factor is 0.9999 at the origin and 1.0001
at the limits of geographical extent. In reality, there are a few features with a size of 130 km. Even if
there is a feature with a size of 1 km in the east-west direction near the boundary, the relative accuracy
of size is 1000 * 0.0001 = 0.1 m. Therefore, the CRS should be selected after considering the size of

the target area and the accuracy requirement of the coordinate data.

Next, we should be careful to digitize geometry from existing resources. For example, let’s imagine
that the geometries of buildings digitized from 1/1,000 map that was enlarged from 1/2,500 map.
According to the Japanese public survey regulation, the positional accuracies (root mean square error
(RMSE)) for 1/2,500 maps (ao) shall be less than 0.7mm (1.75 m on the ground), while the RMSE for
1/1,000 maps (o1) shall also be less than 0.7mm (0.70m on the ground). Even if buildings were
digitized in compliance with the regulations, the RMSE (o) of integrated data will be estimated by

applying the law of error propagation as follows.

0 =40y% +0,2=1.88

Similar problem happens, for example, when the ortho-image is used as the base map displayed on
the screen for geometry digitizing. Thus, we should evaluate carefully that o fulfils the user

requirements or not.
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Also, when we put together the attributes from different resources, we should confirm if the rules to
distinct the quality level is the same. Moreover, if the extents of statistical area or the grid system are
different, we have to solve how to accommodate the thematic attributes in one system. These problems

happen when we compile raw data from different resources.

Today, open data policies steering by the national and local governments are widespread in the world.
Volunteered geospatial information is also available. These trends will evolve forward more, if the
people involved in the data compilation or mashup will accumulate know-how and literacy for making
the reliable data for users. Meanwhile, ISO 19157 — Data quality (ISO/TC 211 2013) specifies five
quality elements. They are completeness, logical consistency, positional accuracy, thematic accuracy
and temporal accuracy. We need to consider the required level of data quality before surveying and
editing by referring to such a standard. And we should indicate the quality level in the requirements
specification. Then after the data editing, we should confirm the actual qualities and open them as the

quality report for users.
5.4. Analysis
5.4.1. Introduction

In general, analysis is a process of separating a complex substance to smaller parts as new information
in order to gain a better understanding of phenomena in the real world. According to Dibiase, et al.,
“This knowledge area encompasses a wide variety of operations whose objective is to derive

analytical results from geospatial data.” (Dibiase et al. 2006)

However, from the viewpoint of GIT, the matter of interest is a methodology enabling analyses.
Because, GIT is a platform technology for GI applications. Conceptual analysis model is illustrated in
Figure 5.4-1. By referring to the request from the user, the analysis module extracts appropriate
operation type included in the feature type or association type, and object attributes as arguments.

Then the operation is executed, and the return value is embedded in an object as a derived attribute.
5.4.2. Extraction of attributes and operation

According to the structure of application schema, operation syntaxes are defined in the application
schema. Arguments are parts of object. For example, a sequence of extraction in gittok is as follows.

i. Load a kit and an application schema in gittok. The kit is loaded by the selection of the file name,
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or by evaluating the metadata in the Geospatial objects %

management module called ‘Manager’. _
(Analysis) _» Request

ii. Extract a feature or an association as a extract =<~

~
~

target of operation from the kit. > Application schema with

Data and
. . ; analysis operations
iii. Select the operation for the particular operation -7 analysss operdd
analysis from the operation list included in ——

the feature type or the association type in

the application schema. Geospatial objects

5.4.3. Analysis execution
Figure 5.4-1. Conceptual function model for

o . analysis
The application calls the operation class Y
contained in the class repository, designates the operation contained in the class, and executes it by
entering necessary arguments. Most of the operations are the static method defined in the class. The

return value is stored in the derived attribute variable in the appropriate feature or association.

5.5. Exchange
5.5.1. Introduction

Exchange is classified into encoding and Data
decoding (Figure 5.5-1). Encoding transforms  (Exchange)

data to data with system independent format, encode -|- _ | _

-~ -~~~ _, Application schema,

and decode transforms data with the system -7 Instance model

decode ~
independent format to data with internal format.

System independent
application schema and
System independent objects

There are many types of data. For example, kit

as geospatial objects, application schema, CRS,

metadata, portrayal schema, and so on may be

exchanged between different systems. We will ~ Figure 5.5-1. Conceptual function model for data
exchange

discuss encoding and decoding in detail at the

following section.
5.5.2. Encoding and decoding

Figure 5.5-2 is an overview of data exchange between two systems illustrated in ISO 19118 —
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Encoding (ISO/TC 211 2011b). According to this standard, the following logical steps are taken in

order to translate objects from the system A to the system B.

1. The system A translates its internal data to a data structure following the application schema 1.
In Figure 5.5-2, this translation is denoted by Ma1. The result is an application schema specific
data structure ia. This data structure is system dependent and thus not suitable for transferring.

ii.  Encoding service, which applies the encoding rule R following the instance model, creates a data
structure that is system independent. This encoded dataset is called d.

iii.  The system A then invokes a translation service to transfer the dataset d to the system B. Parties
managing A and B must agree upon the transferring protocol used.

iv.  The translation service in the system B receives the dataset d.

v.  The system B applies the decoding rule R in compliance with the instance model to interpret
the encoded data in order to get an application schema specific data structure ig.

vi. The system B translates the application schema specific data structure ig into its internal data B.

This is done by defining a translation Mg from the application schema into its internal schema.

System A o System B
Application schema |

Internal data A / \ Internal data B

Translation Mai Translation M T
Application schema Instance model Application schema
specific data ia / \ specific data is
Encoding by rule R Decoding by rule R

System independent
datad

>

Figure 5.5-2. Overview of data exchange between two different systems (modified from Figure
1,1SO 19118:2011)

The exchange model illustrated in Figure 5.5-2 is not appropriate for exchanging the syntax of
operation. Because, operations are not included in the instance model. However, the feature types and
association types defined in application schema contain operation syntaxes. The operation can be
thought as a dynamic attribute, because the return value will become the derived attribute in the object,
as already described in the section 5.4. If the receiver can replicate not only attributes but also syntaxes

of operations, the receiver would be able to consider the better reuse plan. Therefore, transferring or
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sharing of not only data but also the application schema with operation types should be realized. The

syntax rule for gittok will be proposed in the section 8.7 in detail.

GML is not used for the exchange by gittok at this time, because gittok uses a simplified GFM, and
because GML is difficult to comprehend for beginners in short period of time. Of more importance, it
is expected that students who learned the concepts of exchange in gittok will be able to understand

ISO standards and OGC standards easier in the advanced education.

Gittok does not support the data exchange with conventional geospatial formats in use today, because
there is a possibility of data loss during conversion to other formats. Application schema is modeled
in accordance with gittok GFM. Therefore, a kit may contain feature instances having derived
attributes, inheritance relationship with the parent feature, and associations between features. While,
the descriptions of them are not so easy for commonly used formats such as Shape and GeoJSON. For
example, GeoJSON objects represent geographic features only and do not specify associations
between geographic features (https://datatracker.ietf.org/wg/geojson/charter/ accessed 2018-08-30).
However, gittok enables to output SVG files and GeoJSON files for mapping of physical features.

And in future, it would be possible to develop the capability to convert and embed legacy data in kits.
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6. Conceptual structure for cartographic functions
6.1. Introduction

We will discuss and propose conceptual structures for cartographic functions in this chapter.
Representation is one of the six knowledge areas in GIT, but at the same time, it contains various
functions in the surface structure. First, there is a function to convert geospatial objects into
cartographic objects. A portrayal schema that is a set of rules for describing the cartographic objects
is referred for this conversion. A map editing function is required to transform cartographic objects to
a map. Sometimes a map also comes with a gazetteer. Also, in order to distribute cartographic products
to users, it is necessary to convert cartographic objects to commonly used formats such as SVG.
Meanwhile, virtual features included in geospatial objects are converted into a list. Then, the list is
converted to commonly used language such as HTML for the distribution to users. By the way, maps
and lists in SVG and HTML are not included in the knowledge of exchange, because, they are
commonly-used graphics so far, and they do not follow the application schema nor the portrayal
schema anymore. In this chapter, we will discuss and propose conceptual structures of cartographic

functions.

6.2. Map design
6.2.1. Introduction

In this section, we discuss the identification of parameters for map design, and then the schematization

of protrayal schema with SSD and LSD. Tyner (Tyner 2010) explained map design as follows,
“Design is a decision-making process. Many choices must be made in order to create an effective
map whether for visualization or presentation. Before beginning, there are number of questions to
ask. The answers to these questions determine what projections, symbols, scale, colors, type, and

other components will be chosen”.

Tyner proposes eight questions for map design as follows,
“Is a map the best solution to the problem?
What is the purpose of the map?
What is the subject or theme of the map?
What is the intent of the Map?

Who is the audience?
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What is the format?
How will it be produced?

How will it be reproduced, disseminated, or viewed?”

Answers to these questions should be reflected in the identification of the map design parameters.
Identifications of these parameters are described as the universe of discourse for the map
representation (Figure 6.2-1). In this section, we will discuss the identification of map design

parameters, and then the schematization of the protrayal schema with SSD and LSD.
6.2.2. Identification

Identification of map design parameters specify Information sources such as the real world, geospatial
objects, documents, and so on

the universe of discourse by referring to the
purpose of mapping, existing geospatial objects,

(Map design)
and supplemental documents. The universe of

. . . identify ------ > Requirements
discourse should comprise the design parameters

for mapping at least as follows. _ _
Universe of discourse

- Purpose: general purpose or thematic. GPM,

- Media: paper, graphic display, headset, and so e g;ﬁ?&;m
on. Portrayal schema

- Projection: local plane coordinate system, SSDASD
UTM, Gauss-Kriiger projection, and so on. Figure 6.2-1 Conceptual function model for

o map design
- Symbol style: geometry (point, line, and area),

size, weight, color with opacity, and
representation priority.
- Label style: font set, font size, weight, color with opacity, and reference position.
- Layout: subject area for map face, title, legend, scale, orientation, supplemental text, background

color, and frame.

6.2.3. Schematization

The portrayal schema together with SSD and LSD is produced by schematization to realize the
universe of discourse. However, the portrayal schema is a set of rules for describing the cartographic

objects those represent a map face. Marginalia will be designed in the mapping process described in
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the next section. The procedure of the schematization in gittok is as follows.

i. Design of symbol styles: line, area, point, and complex

ii. Design of label styles for the representation of text

iii. Schematization of the portrayal schema for general-purpose map, choropleth map, or interactive

map in accordance with GPM.
6.3. Mapping
6.3.1. Introduction

Principally, the mapping function transforms

Map instance Portrayal schema
from physical features to a map face model SSD/LSD
A A

automatically in compliance with the map | |

instance model, and by referring to the Geospatial objects

portrayal schema (Figure 6.3-1). The map i i
instance model was described in the section i i (Mapping)
4.4.1. When, it is difficult to distinguish labels (;dlit
caused by overcrowding or overlapping on
symbols, a map designer fine-tunes the label
Map

positions manually to avoid the difficulty of
interpretation in the case of gittok. Then, the Figure 6.3-1. Function for mapping.
map designer sets up marginalia including the
title, the north arrow symbol, and the bar scale in the compilation procedure. By the way, efficient

algorithms for automatic label placement has already been proposed (Kameda and Imai 2003). We

will try to implement such an algorithm in gittok in future.

6.3.2. Map editing procedure

The map editing procedure is as follows.

i. Select the kit with physical features for mapping.

ii. Select the portrayal schema.

iii. Execute the conversion from geospatial objects into cartographic objects in accordance with the
portrayal schema for the configuration of a map face.

iv. Tune the map scale and the centering of the map face.

v. Fine-tune the positions of labels, the legend, and the bar scale.
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vi. Place the title, sub-title, and north arrow symbol.

vii.Save the map file for reuse. And save the html with svg elements or GeoJSON file for distribution.
6.4. Gazetteer compilation
6.4.1. Introduction

The function for gazetteer compilation

Portrayal schema Gazetteer
. SSD/LSD i
transforms the physical features to a set of K instance model
A

|
location instances automatically in :
I

compliance with the gazetteer instance model

I
:
I
by referring to the portrayal schema (Figure  Geospatial objects 1 1 (Gazetteer
, 1 compilation)
6.4-1). The gazetteer instance model was :
illustrated in the section 4.4.2. The gazetteer is complie

used to shift the particular symbol to the center

of the screen by indicating the place name listed

.. Gazetteer
n 1t. . .
Figure 6.4-1. Gazetteer compilation procedure

6.4.2. Gazetteer compilation procedure

The gazetteer compilation procedure is as follows.

1. Select a kit for the compilation of the gazetteer.

ii.  Select a feature type including a geographic name and a geometric attribute.

iii.  Execute automatic compilation. If a geometric attribute is a curve or a surface, a center laying
on the curve or a center of maximum inscribed circle (MIC) in the surface will be the reference
position of a feature.

iv.  Save the gazetteer in the storage folder.
6.5. List design
6.5.1. Introduction

GLM is a metamodel to show the rules for list schema. A list as cartographic objects is produced in
accordance with the list schema as an instance of GLM shown in Figure 4.3-1. In practice, list is an
array of tuples representing a combination of selected feature attributes. The list design consists of

two functions: identification of the universe of discourse, and schematization of the list schema in
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compliance with the universe of discourse (Figure 6.5-1).

6.5.2. Identification

Information sources such as the real world, geospatial

The function ‘identify’ is a transformation from \
objects, documents, and so on

the information sources into two parameters.
(List design)
- Theme: a feature type appropriate for the

f the list identify ------ > Requirements
purpose of the list.

- Items: combination of feature attribute types
Universe of discourse

to represent a tuple in the list.

schematize ----> GPM

A list of these parameters is described as the

universe of discourse, which is a result of List schema

Figure 6.5-1. Conceptual operation model for

king by th le involved in th
consensus making by the people involved in the . ~ design

list design.
6.5.3. Schematization

The procedure to schematize the list schema is described below.
i. Select a feature type. Proxy attribute becomes the index keyword for the list
ii. Select attribute types for the creation of the tuple configuration.

iii. Save a list schema in the storage folder.

6.6. Listing
6.6.1. Introduction

Principally, listing is a process to transform virtual features to a list in compliance with the list schema

provided through the list schematization (Figure 6.5-2).
6.6.2. List editing

The procedure of a list compilation is as follows.
1. Select geospatial objects for listing.

ii. Select a list schema.
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iii. Select a feature type that includes appropriate proxy List schema

attribute and other attributes for listing. A

Geospatial objects

(Listing)

I
iv. Execute automatic compilation. E
v. Save the list described with the inner format and/or html |

file for distribution. edit

List

Figure 6.6-2. Function model for
listing
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7. Conceptual structures for Management

7.1. Introduction

Management in this thesis is a process of dealing with or controlling metadata and geospatial objects.
According to the executive order 12906 — Coordinating Geographic Data Acquisition and Access: The
National Spatial Data Infrastructure (U.S.Government 1994), National Spatial Data Infrastructure
(NSDI) is defined as “the technology, policies, standards, and human resources necessary to acquire,
process, store, distribute, and improve utilization of geospatial data.” Metadata standard is one of the
key rules to realize the SDI. In fact, the ISO metadata standard and its profiles are widely used in
international, regional, national and local SDIs in the world (Moellering, Aalders, and Crane 2005).
In Japan, GSI has published the Japan Metadata Profile (JMP) for using to register metadata in the
national geospatial data clearinghouse (Akeno, Okuyama, and Takazawa 2005). The potential of
recent developments in GIT cannot be fully realized without the creation of some form of SDIs

(Masser 2008.).

According to the USA National Research Council, geo-library is defined as,
A digital library filled with geo-information — information associated with a distinct area or

footprint on the Earth's surface — and for which the primary search mechanism is place (NRC 1999).

Therefore, SDI is implemented as a geo-library used to find and retrieve the appropriate geospatial

objects in response to the request by the users.

Although the content of the metadata varies depending on the type of the corresponding resource, it is
possible to create metadata in accordance with a metadata schema, which is an instance of the same
metamodel. In this chapter, we will discuss the metamodel for metadata schema that is called the
General Metadata Model (GMM), then describe the metadata schema modeling based on GMM, and

finally propose the conceptual structure of a geo-library.

7.2. General Metadata Model (GMM)

General Metadata Model (GMM) should be defined to model a metadata schema. However, there is
no specific description as the UML class diagram of GMM in the ISO 19115-1 — Metadata — Part 1
(ISO/TC 211 2014b). Instead, the text representation as follows appears in the section 6.5.1 of ISO
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19115-1.
“Metadata is composed of one or more metadata packages containing one or more metadata classes
containing attributes. The relationships between metadata packages and between metadata classes
are specified by composition and aggregation relationship symbols. Class attributes and

>

relationships are referred to collectively as metadata elements.’

This description is rather obscure as the rules for metadata schema. In addition, according to ISO
19115-1, metadata shall be provided for geographic datasets and may, optionally, be provided for other
types of resources. However, it is very difficult to cover all domains by one metadata schema. While
we are able to propose the common rules for metadata schemata used in the different domains, just
like GFM for application schemata for different geospatial objects. Interoperability between metadata
used in the different domain will gain, if domain specific metadata schema follows the same GMM.

Therefore, GMM should be independent from local domains.

«metaclass»
Metadata

identifyer : String

If a number of matadata package is zero,

at least one funfdamental attribute is required. 0

«metaclass»
MetadataPackage

«metaclass» classes | 1 »
MetadataElement L, «metaclass»
name : String N MetadataClass
definition : String
obligation : ObligationCode
Codelist )
«. } > 0..* | fundamentalAttributes
ObligationCode attributes | 1..*
mandatory
conditionary «metaclass»
optionary L MetadataAttribute

dataType : String
maximumOccurrence : Integer

Figure 7.2-1. General Metadata Model formalized by referring to ISO 19115-1
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We propose Figure 7.2-1 as GMM by referring to the text at the section 6.5.1 in ISO 19115-1 and the
tables that define attributes of metadata classes also described in ISO 19115-1. Metadata schema
consists of zero or more than one metadata package. Metadata package is a set of metadata classes
gathered with the same theme. Metadata class consists of one or more than one attributes. The unique
point of this diagram comparing with ISO 19115-1 is that the direct association from Metadata to

metadata attribute. This association enables a design of simple metadata schema.

7.3. Metadata schema modeling
Metadata schema modeling is a function to create a metadata schema. It consists of two sub-functions;
identification and schematization.

Information sources such as the real world, geospatial
data, documents, and so on

Identification

. . (Metadata schema
The universe of discourse for metadata % modeling)
modeling is identified from information  Requirements <------ Identify

sources by referring to the user requirements

. . Universe of discourse
for metadata in the target domain. v ot

. . GMM<= - - == - 0
Schematization < Schematize

Metadata schema used in gittok is shown in
Metadata schema

Figure 7.3-2. The number of attributes is

Figure 7.3-1 Metadata schema modeling
limited. However, the beginners may
understand the structure and the role of

metadata easily.

Metadata

title : CharacterString

kitURL : URL

overview : CharacterString
keywords [0..*] : CharacterString
geographicExtent : SG_Rectangle
responsibleParty : CharacterString
publicationDate : Date

Figure 7.3-2. A metadata schema used in gittok as an implementation in accordance with GMM.
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Attributes of metadata, their definition, obligation, data type and maximum occurrence are described

in Figure 7.3-1. Keywords is optional element and its maximum occurrence is not limited.

Table 7.3-1 Attribute types in gittok metadata schema

name definition obligation data type maximum
occurrence
title A name of metadata mandatory CharacterString 1
kitURL Unique resource locator of the kit mandatory URL 1
overview A general review of the kit optional CharacterString 1
keywords A word used in an information retrieval optional CharacterString *
geographic The size of the kit described by rectangle. | mandatory SG_Rectangle 1
extent Corner positions are represented by

geodetic coordinates.

responsible The party having obligation to publish the | mandatory CharacterString 1
party metadata

publication The Gregorian date of publication mandatory Date 1
date

Note: Maximum occurrence * means “more than or equal to zero”.

7.4 Geo-library
7.4.1. Introduction

In the case of gittok, the management component called ‘Manager’ provides capabilities of metadata
editing (creation and update), metadata storing in the geo-library, metadata retrieve, and geospatial
objects extraction for re-use. In this section, we discuss functions on the geo-library shown in Figure

7.3-3 as the management structure.
7.4.2. Editing

Metadata contains attributes those to be edited automatically and those to be edited manually. For
example, the geographic extent can be obtained automatically from the geometric attributes including
in the geospatial objects, while a name of responsible party cannot be detected from the geospatial
objects in general. Several researchers have challenged the automated metadata editing (Greenberg
2004) (Manso-Callejo, Wachowicz, and Bernabé-Poveda 2010). For example, Olfat, et al. (Olfat et al.

2013) proposed the prototype system for the automatic metadata updating. However, the metadata
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elements automatically editable are Geospatial objects in repository

limited, because geospatial data do not ‘ ‘

. . . Management
always contain enough information for (Manag )
metadata attributes. In the case of gittok
) . Matadata schema <------ edit
metadata, kitURL, geographic extent can
be obtained automatically. Metadata
7.4.3. Store store
In practice, the responsible party of Geo-library
metadata and the custodian of the geo- .
retrieve
library should agree the publication of
: . <---e- tract
metadata, before storing metadata in the Metadata exirac
geo-library. In general, if the responsible

party asks the entry of metadata, the Geospatial objects

custodian should confirm the validity of the
metadata candidate to avoid declination in ~ Figure 7.3-3 Management functions in Geo-library

quality of the geo-library.

7.4 .4. Retrieve

Main functions of geo-library are discovery, use, evaluate, and retrieval of geospatial data by using
metadata (Manso-Callejo, Wachowicz, and Bernabé-Poveda 2010). ‘Discovery’ enables users to find
the location of geospatial objects. ‘Use’ enables users to apply geospatial objects. ‘Evaluate’ enables
users to explore whether geospatial objects fulfil their needs. And ‘retrieval’ enables users to know

how geospatial objects can be extracted.

7.4.5. Extraction

The user can extract the geospatial objects stored in the repository by the user’s decision as a result of
metadata evaluation. Management component should realize the automatic transferring of objects to

the components for acquisition, analysis, exchange and representation, to ease the following works.
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8. Software tool for learning about GIT
8.1. Introduction

In this chapter, an implementation of gittok will be introduced. At first, we overview the trend of
education regarding GIT, the social demand for education, and we point out that there is a shortage of
human resources corresponding to GIT application developments. Next, we introduce the
development policy for gittok. Gittok is the assistance tool for learning about GIT based on the concept
map of GIT. Its purpose is to understand an overview of the whole image of GIT. In addition, gittok
has been developed as a prototype GI system to prove that the concept map of GIT is implementable.
Moreover, it should not be a black box. It should be allowed free use of gittok and the source code
should be open to public. It should start immediately after downloaded from the site of gittok. And, it

should be a desktop application to avoid troubles due to network vulnerability as much as possible.
8.2. Education trend

A comprehensive survey (Okabe et al. 2008) on GI Science education in Japan and USA was carried
out as a part of a research initiative project from fiscal year 2005 to 2007. This project was supported
by Grant-in-Aid for Scientific Research (A), Ministry of Education, Culture, Sports, Science and
Technology (Project number: 17200052. Project leader: Atsuyuki Okabe). Two papers written in
English that report the result of survey as a part of this project were also published (Sasaki et al. 2008.)
(Kawabata et al. 2010).

In March 2006, Sasaki, et al. (Sasaki et al. 2008) received information on 202 Gl-related courses from
39 universities, including both undergraduate and graduate schools throughout Japan. An examination
of the results showed that the largest number of courses were focusing on basic concepts, followed by
the courses dealing with the collection and processing of spatial data, introduction of GIS applications,
cartographic representation, spatial analysis and reading of articles. Both proprietary software such as
ESRI’s ArcGIS and domestic free software such as MANDARA (http://ktgis.net/mandara/index.php
accessed 2018.-01-06) were used for practical training. Many undergraduate education courses take

place during the student’s third year, and more than 70% of these are one-semester courses.

The research conducted by Mizuki Kawabata et al. (Kawabata et al. 2010) examined GIS education

programs at US colleges and universities paying close attention to the degree of multidisciplinary
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cooperation between geography-related and computer science/information-related disciplines. In this
research, 2565 courses at 163 GIS education programs that offered online curriculum information at
US colleges and universities during the 2007-2008 academic years were analyzed. As a result,
cooperation between geography and information technology disciplines was discovered in only about
one-tenth of the GIS education programs. About this issue, Kawabata, et al. discussed as follows.
“Given that geospatial technology is evolving into a main stream technology, this situation may
change, resulting in computer science/information-related disciplines being more likely to become
actively involved in GIS education. Moreover, given that geospatial technology requires a deep
understanding of geographic concepts (Gewin, 2004), the computer science/information-related

’

departments may collaborate more actively with geography-related departments.

So far, about ten years have passed since the surveys were carried out. Since then, useful reference
books describing comprehensive knowledge of GIS&T (Kemp 2008) (Kresse and Danko 2012)
(Unwin et al. 2012), and papers for the study of GIS&T higher education in USA and Germany
(DiBiase et al. 2010) (Schulze, Kanwischer, and Reudenbach 2013) and so on were published. Both
DiBiase et al. (2010) and Schulze et al. (2013) introduced the Geospatial Technology Competency
Model (GTCM) published by the U.S. Department of Labor, Employment and Training
Administration (DoLETA). The GTCM consists of nine tiers. They are,

Tier 1: Personal Effectiveness Competencies

Tier 2: Academic Competencies

Tier 3: Workplace Competencies

Tier 4: Industry-wide Technical Competencies

Tier 5: Industry-sector Technical Competencies

Tier 6: Occupation-Specific Knowledge Competencies

Tier 7: Occupation-Specific Technical Competencies

Tier 8.: Occupation-Specific Requirements

Tier 9: Management Competencies

Tier 2 includes “knowledge and abilities learned primarily in a school setting”. GIS appears in the
geographic skills, and the requirement is “Use GIS fo acquire, manage, display, and analyze data in
digital form”. At least, according to this requirement, students learn how to use GIS. While, according
to the requirement in Tier 5, workers in the industry sector are expected to have competency of

software and application development. And “Market research indicates that this sector accounts for
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the largest share of sales revenue earned in the geospatial industry”. However, there is no description
about the education for software and application development at least in Tier2. It seems that there is a
gap between the competency obtaining by academic education and the professional skill that the

industry needs.

Meanwhile, GIS Certification Association, which is an umbrella organization of the GIS Association
of Japan (GISA), started the GIS Expert Certification program in 2006. This certification program
concepts and structure are similar to the GIS Professional Certification in the USA. Meanwhile in
2013, the Association of Precise Survey and Applied Technology (APA) in Japan started the
certification of professionals in GI standards. These efforts have been promoting the professional
competency of Japanese engineers. However, university level courses seem to be nearly unchanged
from the same status as ten years ago, at least in Japan. As a matter of fact, it is extremely difficult to
make a comprehensive curriculum and introduce full-scale education of GIT, as existing departments
related to GIS&T have unique characteristics and traditions. Therefore, in this research, we assume
replacing the semiannual GIS introductory education with the introduction to GIT, and we consider

the introductory education for the beginners who develop GI application in industries.
8.3. Development of gittok
8.3.1. Introduction

Gittok is an object-oriented software referring to the GI standards. There are several GISs as excellent
examples of the object-oriented GISs such as GE Smallworld (Longlay et al. 2015) (Chance, Newell,
and Theriault 1990). However, they are not exactly in compliance with the GI standards and not the

specialized software for learning about GIT.

The following sections discuss the policy for the development of gittok at first, then introduce the
software components in gittok. Finally, we confirm that gittok was developed so as to meet the

education requirements in terms of functional suitability.
8.3.2. Policy for development of gittok

Methods of GIS education are classified into two categories; One “To teach about GIS” and another
“To teach with GIS” (Sui 1995). To teach about GIS concentrates on GIS technology itself. To teach

with GIS focuses applications of GIS. Sui wrote as follows.
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"Some researchers have argued that as the technical part of GIS has increasingly become the domain
of computer sciences, the real challenge in GIS education is to educate students to use GIS to teach

geography and conduct geographical research.”

Even if this statement is correct, it will not be possible to avoid the education about GIS for students
aiming to become GIT researcher and engineer. Moreover, it is difficult to conclude that the research
about basic concepts of GIT, for example GFM and GPM, are included in the domain of computer
science, as long as they are modeled under the deep understanding of the nature of the real world

phenomena and design knowledge of cartographic products.

There are two types of software have been used to teach ‘about’ and ‘with’. The first type is a software
for a specific focus on the education. The second type is a general-purpose GIS. Therefore, based on

this concept, four patterns of education can be classified (Ota and Plews 2015).

The first pattern centers on teaching about GIS by using specialized software. GISTutor (Raper and
Green 1992) was a typical example of this pattern. This very intuitive software was developed using
HyperCard and enabled various exercises. The developers introduced concepts of object oriented
modeling to the design of the software, as a tool of spatial data modeling. Today, students can learn
GIS using the web browser and html (HyperText Markup Language) pages with hyperlinks. One web-
based example “The Nature of Geographic Information” is an open and multimedia textbook provided
by Dibiase et al. (https://www.e-education.psu.edu/natureofgeoinfo/node/1672). However, they do not

have explicit relationship between GI standards.

The second pattern centers on learning about GIS by using general-purpose GIS. Most GIS vendors
provide introductory online training courses. Skilled trainers employ a number of training methods to
teach about their software products. For example,

- ESRI, http://www.esri.com/training/ accessed 2018-08-03.

-  HEXAGON, https://hexagonppm.com/training/virtual-training accessed 2018-08-03.

The third pattern teaches the students of a specific field with specialized software. For example,
universities, software vendors and national mapping agencies are offering specialized software
targeted at specific groups of users (EDINA, JISC Collections, and Ordnance Survey,
http://digimapforschools.edina.ac.uk accessed 2018-08-03) (Yuda 2011).
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Similar to the third pattern, the final pattern teaches students of a specific field with general-purpose
GIS. This method is convenient for teachers because they do not need to develop the software by

themselves and in most cases, they can get teaching resources directly from the software vendors.

The author decided to develop gittok as the software that corresponds the first pattern, which is
“teaches about GIT with the specialized software”. Because, there are few GISs adopting the GI
standards as it’s architecture, and there are few applications specialized for the introductory course of
GIT. The society needs the experts who have skill to develop and maintain the GI applications
including general-purpose GIS, SDI and software for specialized purpose referring to the GI standards.
“Teaches about GIT” will be possible by the computer science/information-related departments will
collaborate more actively with geography-related departments, as Kawabata et al. discussed

(Kawabata et al. 2010).

On the other hand, it is almost impossible to learning about GIT in detail within the short period.
Therefore, gittok aims that student are able to get the desirable experiences and they will have minds
that they wish to obtain further in-depth knowledge related to GIT. However, it means that gittok can
be expected to be a breakthrough toward the comprehensive GIT education realized by
multidisciplinary collaboration between geography related departments and IT-related departments in

the institution of higher education.

To achieve the purpose, gittok should have capabilities enabling the practical exercises to get the

fundamental knowledge of the six knowledge areas (Figure 8.3-1). The software components should

be harmonized with other components. The schemata implemented in gittok are designed principally

in compliance with the conceptual structures and functions introduced in the above chapters. Therefore,

architecture of gittok should maintain logical consistency and harmonization between components to

fulfill the requirements shown below.

- The modeling component should have functions to schematize application schemata in
accordance with GFM. The application schema is transferred to the acquisition component.

- The acquisition component should produce a set of objects (kit) describing not only features but
also feature associations in compliance with the application schema. Kits are transferred to the
management component and the analysis component.

- The analysis component should enable executions of feature operations and association operations,
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those are defined in the application
schema as instance methods. The result . se0s0
gittok ==
of analysis is embedded as a derived
attribute of feature or association to be

able to transfer to other components.

Real World
- The management component should
have functions to manage kits through *Q l
> -
their metadata. Metadata is used for \
Modeling 4 Acquisition 14
search and evaluation of the kit. The kit A Action
selected in the management component oo
will be able to use for maintenance, _ Management

Analysis

analysis, representation, and exchange. ’
- The representation component should I:F W‘
enable 1) schematization of portrayal Exchange Repres:tanon
schema in accordance with GPM, 2) Morishiga Ota, 2014
designing of list schema in accordance
Figure 8.3-1. Title page of gittok
with GLM, 3) editing of cartographic
objects, 4) conversion from cartographic
objects to cartographic product, and 5) distribution of cartographic product to other systems such
as web browsers.

- The exchange component should enable encoding and decoding between inner dataset and the

system independent data in order to transfer data between different systems.
8.3.3. Metamodel for software components

Gittok is an interactive system. Every software component has a graphical user interface (GUI), which
roles are the requester sending message from the user to the component, and the presenter showing
the response from the component to the user. The component uses objects as a resource, and produces
the other objects as a result of processing (Figure 8.3-2). For example, the acquisition component
produces a kit (result) by map digitizing (function) based on the base-map and other materials
(resource), in accordance with the user demands indicated though the GUI (requester). Then, the user

can confirm the result of request on the GUI (presenter).
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presenter
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resource
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Objects

Figure 8.3-2. Meta model of software component illustrated in UML.

Gittok ——— Modeler L

———— Editor

Cartographer

Feature type designer

Association type desig

—— Geometry editor

CRS editor
Memo editor

— Address editor

URL selector

— Manager— — Image selector
— Sound selector
— Video selector

Analyst —— Symbol designer
—— Label designer

— Gazetteer designer
— 1 Title editor
— North arrow selector

Map editor

List schema designer

—List viewer

— Virtual feature selector

Attribute type designer
Operation type designer

Accuracy viewer

—— Exchanger | Portrayal schema designer

Figure 8.3-3. Hierarchical structure of 40 components in gittok
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According to Norman, D.A. (2011),
“Modern technology can be complex, but complexity by itself is neither good nor bad.: it is confusion

that is bad. Forget the complaints against complexity, instead, complain about confusion” (Norman

2011).

GIT is a complex technology. Therefore, we have systematized the object structures and function
structures so as to avoid confusion from complexity by referring to GI standards. Figure 8.3-3 shows
the structure of 40 components included in gittok. Every component has GUI called a ‘page’. This
hierarchical structure is effective to navigate the user what to do next, and it helps the user can

understand the conceptual structure of GIT.

8.3.4. User interface policy

In the case of gittok, pages are designed in accordance with the design policy described below, so that

the user can experience the sufficient usability. Figure 8.3-4 illustrates these rules.

(b) Knowledge area icon at the upper left corner (a) One page, one theme

(g) Anchor text for tutrial at upper right corner
(c) Same operation, same configulation

F======= "
i ! % Englh
= B4 English - Symbol Style Designer B8 Engl
gittok [, A4 B
1 D dctonary !
I basicSymbol.sym 1

line [ area | point Ilcnmplex | === (f-2) Un-editable

name S oo text field: gray

Real World
@® color O pattern

- . |
> - = o> = = === hl
) +I \ ) patern I Label Style Designer a4 Endish
v f A |
-

Modeling 7 Acquisition

, Management

border []r
lin¢
&
i

Analysis

p AV
‘ Portrayal Schema
A/ a1
Exchange Representation Gazetteer Design railName m
——
o6 O Os delete
List Schema Design

Font style: Arial (f-1) Editable
(d) Same command, same name text field: white (e) Upper to lower, left to right

Figure 8.3-4. GUI design policy for gittok
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a. One page, one theme.

b. The icon put at the upper left corner of the page shows the knowledge area of GIT.

c. The same configuration of UI components is used for the same type of operation.

d. The same command has the same name. For example, a name of the command for color settings is
always ‘color’.

e. The operations are ordered so that the user’s eyes move from upper to lower and left to right of the
page.

f. The text field with white background is editable (f-1), while gray background means un-editable
(f-2).

g. The user can refer to the tutorials in Japanese and English by clicking anchor texts provided at the

upper right corner. These tutorials are helpful for the self-directed learning.

The components corresponding to the six knowledge areas will be introduced in detail from the next

section. They are called Modeler, Editor, Analyst, Manager, Exchanger and Cartographer.
8.4. Modeler
8.4.1. Introduction

Modeler is a software component for schematization of application schema. This is an implementation

of the schematization in the modeling introduced at the section 5.2.3. The implementation of Modeler

-~ Modeler BZH English

application schema

0.1 | parent
0.
0.* from links .
Fi : i
= eatureType 0. AssociationType
to linkedBy

Figure 8.4-1. Modeler GUI. Class boxes work as buttons to open Feature type modeler and
Association type modeler.
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was one of the major contributions of this thesis. At least by the Internet research, there are few similar

educational tools in existence.

Modeler has two sub-components for modeling of feature types and association types. This
configuration is the implementation of gittok GFM. These sub-components associate Attribute type
modeler and Operation type modeler. The two class boxes shown in Figure 8.4-1 work as the buttons

for activating the Feature type modeler and the Association type modeler.

Bolstad noted,
“Software developers have had difficulty developing generic tools that may quickly implement

object models, so there is an added level of specialized training required.” (Bolstad 2016)

Actually, it is rather difficult to learn modeling in detail at first for beginners, because they need to
have knowledge of UML class diagram and GFM as prerequisites. Therefore, the modeling exercise
is put after the exercises of data acquisition and analysis, when the students familiarize how to use an
application schema. Although, according to the education practices, there is no significant difference

of understandability between modeling and other knowledge areas (Figure 10.3-3).

Figure 8.4-2 illustrates the application schema describing the association between road and building.
The association instance may have a derived attribute ‘distance’ between a road and a building as a

result of operation. The stereotype <<px>> means it is a proxy attribute. Such an application schema

Artifact

name : CharacterString
> description : Memo &

RoadToBuilding

/distance : Real

distanceCtoS(path,shape,out distance)

Building

|

|
Road :

| <<px>> shape : SG_Surface
owner : CharacterString
roadSide | /area : Real

<<px>> path : SG_Curve

getArea(shape,out area)

Figure 8.4-2. Application schema to describe association between road and building.
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will be able, for example, to evaluate the road side environment. How to model this schema in gittok

will be introduced in the following sections as an example of modeling.

parent |0, 1
FeatureType o Feature Type Modeler B English
children|isAbstract: Boolean parent
0, *[name: String Artifact
definition: String links
proxyName: String _
0, *|links 3{ asltlrsuclure with roof and Feature Type
linkedBy | 0, * Suiidng _ _
[] isAbstract inherited links
AssociationType
IETE atvibutes
operationTypes | 0,* 0,* | attributeTypes linkedBy Shape
RoadToBuilding owner
OperationType Attribute Type area proxy
inherited attributes shape
inherited linkedBy > name
description
featureType[0]: FeatureType IETEl operations
getArea feature types
isAbstract = true children l—D
name = “Artifact” Artifact
definition = “an object made by human being” Road =
proxyName = null inherited operations Building " edit |
parent = null =
children = [ featureType[1], featureType[2] ]
links = null
linkedBy = null
attributeTypes = [ attribute Type[0], attributeType[1]]
operationTypes = null
featureType[1]: FeatureType featureType[2]: FeatureType
isAbstract = false isAbstract = false
name = “Road” name = “Building”
definition = “long and narrow space pathing from one definition = “a structure with roof and walls”
place to another” proxyName = “shape”
proxyName = “path” parent = [ featureType[0]]
parent = [ featureType[0] | children = null
children = null links = null
links = null linkedBy = []
linkedBy = [] attributeTypes = [attributeType[0], attributeType[1],
attributeTypes = [attributeType[0]] attributeType[2]]
operationTypes = null operationTypes = [operationType[0]]

Figure 8.4-3. GUI for Feature type modeling. Object diagrams shown above are obtained by the
modeling of feature types as instances of FeatureType.

8.4.2. Feature type modeler

Figure 8.4-3 shows the schematization of the feature types in accordance with the metamodel of
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feature type (FeatureType) defined in GFM. The user can define the feature type as an instance of
FeatureType. In Figure 8.4-3, three feature types are described as object (or instance) diagrams.
‘Artifact’ as an abstract type is featureType[0]. It is a parent of the concrete types ‘Road’

(featureType[1]) and ‘Building’ (featureType[2]).

The GUI shown at the right upper side of Figure 8.4-3 illustrates the UML class for the definition of
Building. The attribute types (shape, owner and area), the attribute types inherited from Artifact (name
and description), and the operation type (getArea) are also shown. ‘Shape’ is selected as a proxy
attribute of Building. Three object diagrams as instances of FeatureType defined in GFM are shown
at the left bottom of Figure 8.4-3. They show the structure of ‘Artifact’, ‘Road’, and ‘Building’. The
GUI and the object diagram of ‘Building’ show the same content. By the way, the scope of the feature

type array is global, but the scope of the attribute type and operation type array are local in the class.

AssociationType p——
. . B&E i
name: String > Association Type Modeler
definition: String o
i inition
roleName: String association between a
style: String feature types z:g :ir;de a building at
correspondence[2]: int from |to Atifact [ “fom |
Road “ Association type
iy | © sscte
to O composition
OperationType Attribute Type [Fedity  JELS Building
arm distance role ] multiplicity
(] multiplicity
association types
associationType[0]:AssociationType IR oversions RoadToBuiding (FI
name="RoadToBuilding" distanceCtoS m
definition="Association between a road
and a building at road side" delete

from=[featureType|[0]]
to=[featureType[1]]
roleName="roadSide"

attribute Types=[attribute Type[0]]
operationTypes=[operationType[0]]

Figure 8.4-4. GUI for association type modeling. Object diagram shown above are obtained by
the modeling of association type defined according to AssociationType.

8.4.3. Association type modeler

Figure 8.4-4 shows an example of the schematization process from GFM to the association type. The
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defined association type is shown at right side. In the case of gittok, two-way navigation is not allowed.
Instead, the user can declare opposite association. Meanwhile, an inheritance of association type is not
allowed in gittok to keep the structure of application schema simple. Therefore, there is no commands

to declare a parent of association type in GUL

Figure 8.4-4 shows the association type RoadToBuilding. Correspondence between Road
(featureType[1]) and Building (featureType[2]) is one to one. It is confirmed by the fact that the
multiplicity check boxes are not checked. RoadToBuilding has a derived attribute ‘/distance’ as
attributeType[0], which will be a return value of the operation ‘distanceCtoS’ as operationType[0]. We

will discuss the declaration of operation type in the section 8.4.5.

AttributeType
derived: Boolean [] derived
name: String name data types
dataType: String v Espatial
unit: String data type () SG_Point
multiplicity: Boolean SG-Suriace |1 SG_Cune
wit [ ] _1SG_Surtace
[] multiplicity [) SG_Complex
inherited attribute types attribute types
name shape m
description owner
attribute Type[0]: AttributeType are [~ update |
name = “shape” de(ata

derived = false

dataType = “SG_Surface”
unit = null

multiplicity = false

..Q Attribute Type Modeler

attributeType[1]: AttributeType

attributeType[2]: Attribute Type

name = “owner”

derived = false

dataType = “CharacterString”
unit = null

multiplicity = false

name = “area”
derived = true
dataType = “Real”
unit = “m2”
multiplicity = false

attributeType[3]: AttributeType

attribute Type[4]: AttributeType

name = “name”

derived = false

dataType = “CharacterString”
unit = null

multiplicity = false

name = “description”
derived = true
dataType = “Memo”
unit = null
multiplicity = false

Figure 8.4-5. GUI for modeling of attribute types in Building.
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8.4 .4. Attribute type modeler

Attribute type modeler is activated by clicking ‘edit » attributes’ buttons on the Feature type modeler
and Association type modeler. The user can define attribute name, attribute data type, multiplicity,
derived or not, and measuring unit as optional. The GUI in Figure 8.4-5 shows ‘shape’ as an attribute
of Building, which data type is SG_Surface with no measuring unit. ‘Shape’ takes single value as it is
indicated by the multiplicity check box is not checked. Other attribute types ‘owner’, ‘area’, and

attribute types ‘name’ and ‘description’ inherited from Artifact are also declared in Figure 8.4-5.
8.4.5. Operation type modeler

Operation type modeler is activated by clicking ‘edit » operations’ button on the Feature type modeler
or Association type modeler. The user corresponds the arguments required by the operation prepared

in gittok, with the attributes of the feature type and/or association type related to the operation. Then,

OperationType
type: String N Operation Type Modeler B&H English
name: String :
returnFATypeName: String ®self Oto
returnAttributeName: String
returnAttribute Type: Strin
yp 9 provided operations attribute types
» () DistanceBetween A dr | name data type multi.
» (] ConvexHull shape SG_Surface false [4|
Attribute Type v £5SurfaceArea owner CharacterString | false
argumentType attributeType L1getarea 0| &e2 REC faise
» () Buffer name CharacterString | false C
v v
ArgAttPair
0. [fromTo: String selected operations arguments
arguments | argetTypeName: String ype op.name name data type mult
SurfaceArea | getArea surface SG_Surface false
operationType[0]: OperationType
add (CETCE argument attribute pair
type = “SurfaceArea” return attrbute type - - rg pai
name = “getArea” Real argument | fisit | attributeType
surface self shape

returnAttributeName = “area”

returnAttributeType = “Real”
. Feature/Association Type Name
arguments = [[argAttPair[0]] Building

returnFATypeName = “BU”ding" m i tirib
e return attribute name
area

argAttPair[0]: ArgAttPair
fromTo = “self”
argumentType = attributeType[0]
targetTypeName = “Building”
attributeType = attributeType[0]

Figure 8.4-6. GUI for operation type modeling.
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the user designates the derived attribute for saving the return value. For example, Figure 8.4-6 shows
that ‘SurfaceArea::getArea’ is selected as an operation for Building. The user selects
‘shape:SG_Surface’ as an argument that the operation requests to connect with ‘surface:SG_Surface’.

Then, the user selects ‘/area:Real’ in Building for the return value type of the operation.

8.5. Editor

8.5.1. Introduction

Editor is a software component for transformation from real world phenomena and other resources

into geospatial objects in accordance with the application schema. The functions in Editor include

geometry digitization and multimedia data compilation. Students can learn how to capture geospatial

objects in accordance with the application schema. Students can experience the fundamental editing

sequence as follows.

1. Map registration,

ii.  Quality evaluation for the registration,

iii.  Geometric attributes digitization,

iv.  Compilation of various kinds of properties, such as geometry, image, audio, video, text, and
location identifier to create and update objects.

v.  Association editing by the connection between from and to features and by putting attributes of

the association.

Editor consists of 10 sub-components. They are classified into four groups: geometry, thematic, place,
and list. In this section, the main component of Editor is introduced at first, then the geometry editor,
the thematic editors, the place editors, and the virtual feature selector will be introduced in the

following sections.

8.5.2. Editors for capturing feature and association

The user can edit instance of the feature type or association type by selecting the tab in Editor (Figure
8.5-1).

To create a feature instance, the following operations are required (Figure 8.5-1, (a)).

1. Create an empty feature instance by clicking ‘add Feature’ button.

ii.  Select attribute type in the AttributeTypeList.
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(c) Instance diagram for features and association (d) Association: AttributeEditor Tab for association attribute editing.

Figure 8.5-1. Editor for editing feature instance and association instance.
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iii.  Create the attribute value by the appropriate method, such as digitizing, key-in, file selection,
and so on. For example, the value of ‘description’ (Figure 8.5-1, (a)) is created by using Memo
editor. Attribute capturing will be described in detail at the following sections.

iv.  Add the created attribute value in the feature instance by clicking ‘add Attribute’ button at the
lower right side of Editor.

v.  Repeat ii to iv until all attributes are added in the feature instance.

To create an association instance, the following operations are required in general (Figure 8.5-1, (b)).

1. Select the association type for editing.

ii.  Create an empty association instance by clicking ‘add Association’ button.

iii.  Select Connector tab and declare the from-feature by selecting ‘from features’ after ‘from’ radio
button is clicked, then the to-feature by selecting ‘to features’ after ‘to’ radio button is clicked.

iv.  Select AttributeEditor tab and create attribute values as same as the attribute creation of feature
instance. However, the value of derived attribute as the result of analysis operation will be
obtained later.

v.  Repeat ii to iv until all attributes are added in the association instance.

Figure 8.5-1 (c) illustrates the feature instances of Road and Building, and the association instance of
RoadToBuilding. Figure 8.5-1 (d) illustrates the attributes creation for the association attributes. The

operation is same as the operations from ii to v of the feature instance creation.

8.5.3. Accuracy evaluation page for map registration

Map registration is defined as the calculation of the parameters of mathematical equation for the
transformation from map coordinates to projection coordinates. Usually, Affine transformation is used
(CC_in_GIS and NCGIA 1990). More than three registration points are required to get parameters by
the least square method, since three points provide six values which can be used to solve for six
unknown parameters. Let (X, y) is a map coordinate of the registration point, and (u, v) is a projection

coordinate of the corresponding point. The equation of Affine Transformation is as follows.

u=ax+by+c

<
Il

dx+ey+f
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These equations are represented by matrix notation as follows.

-k 5 I

If the number of registration points is n, the equation will be represented as follows.

ul “es un a b I xl “es xn
R

Let these matrices are represented as U, A, and X. Then, the matrix A can be solved as shown below.

U= AX
UXT = AXXT
(UXT)(XXT)™ = A(XXT)(XXT)~1
“ A= (UXT)(XXT)™?

By the way, the existence of inverse matrix is confirmed by the determinant of XX7 is non zero.

Today, the web services to provide local plane coordinates at any locations can be found in various
countries. For example, Geospatial Information Authority of Japan provides the web site for the
conversion from the position on the map displayed on the screen to a plane rectangular coordinate, the
true bearing, and the scale factor (http://vldb.gsi.go.jp/sokuchi/surveycalc/surveycalc/bl2xyf.html,
accessed 2018-10-28). By using such services, the matrix X can be obtained. While, U is obtained by
using the Geometry editor in gittok, which allows the user to digitize the map coordinates of the
registration points in the process of map registration (Figure 8.5-2).
By the way, the term ‘registration’ or ‘registering’ has been used in the field of color printing and
photography. According to the Oxford English Dictionary, ‘register’ has the meaning that
the exact correspondence of the position of colour components in a printed positive. In the case of map
digitizing, this term has been used , for example, as follows (Aronoff 1989).

“The different data layers are registered to a common coordinate system or to one data layer that

is used as a standard.”
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i Geometry Editor B English
-

Registration
Control Point ID
mo[ ] ST s
Geometry Editing Panel —() “ > - [Awon
e = eI O add |
Accuracy Evaluation M English
E X Y
Variance, X 0.407 0.216
co-variance
At Y 0216 0.586
Root X 0.638
mean
square Y 0.765
error
Error id dX dy
1 0.862 0.833
2 0.028 0.874
3 -0.547 0.65
4 0.881 0.287
5 -0.567 -1.513
6 -0.999 -0.348
7 -0.005 -0.429
8 0.346 -0.354
=

Registration points

Figure 8.5-2. Map registration and accuracy evaluation. The base map in this case is a copy of
GSI Map provided by Geospatial Information Authority of Japan.

We should keep in mind that this type of registration is different from the entry of information in books
or lists such as ‘touroku’ in Japanese. The registration (or register) mark for printings such as Ukiyo-
e has been called ‘kentou’ and registration work has been ‘kentou awase’ in Japanese (Sakabe 2016)
(Musashino Art University, http://zokeifile.musabi.ac.jp/ .24/ accessed 2018/11/03). Therefore, we
may guess that the term ‘registration’ was brought for geometric transformation from the vocabulary

of multicolor printing when the hand working was replaced by the digital processing.

The quality of map registration is evaluated by errors at the registration points, the root mean square
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error, and the variance-covariance matrix. These values are displayed in the Accuracy Evaluation page
shown in Figure 8.5-2. If the obtained accuracy is enough in accordance with the universe of discourse,
the user clicks ‘accept’ button. However, if the quality is not enough, the user can retry the registration

again by clicking ‘reject’ button.

8.5.4. Geometry editor

Geometry editor is used to capture geometric attributes. Gittok allows to edit two-dimensional
geometry such as point, curve, and surface. Digitizing is performed from geometries in the lowest
dimension to ease to connect boundaries and co-boundaries. In Figure 8.5-3, coordinates are described
in accordance with the plane rectangular coordinate system used in Japan of which x axis is vertical
axis toward the north direction and y axis is the horizontal axis toward the east direction. The data
type of coordinate values are real. The measuring unit is meter. Editing operations for point, curve and

surface are described as follows.

Point
i. Set the radio button ‘add’ in Action group at the right side of Geometry editor.
ii. Set the radio button ‘SG_Point’ in Geometry group.

iii. Push the mouse button at the appropriate position.

Curve

i. Set the radio button ‘add’ in Action group at the right side of Geometry editor.

ii. Set the radio button ‘SG_Curve’ in Geometry group.

iii. Push the mouse button at the start point after the shape of cursor mark become cross, because the
cross mark indicates that the start point was found.

iv. Push the mouse button at the vertices of the curve until near the end point.

v. Push the mouse button at the end point after the shape of cursor mark become the cross.
Curve is a co-boundary of a point, while a point is a boundary of a curve. Therefore, boundary and co-

boundary relationships between the curve and its boundaries (start point and end point) are recorded

both in the curve and the points.
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p[0]: SG_Point

position = [-33112.3, -8496.0] Geometry Editor B English
getin = [c[0]] : =
goOut = [c[0]]
Operable " |
p[1]: SG_Point
position = [-33034.9, -8606.8]
getin = null Geometry Editing Panel —o— [0 (0 BN [ | Action
goOut = [c[1]] O add
() search
p[2]: SG_Point (® move
position = [-33123.8, -8431.4] O delete
getin = [cl1] Geometry
goOut = null o ce
O SG_Curve
c[0]: SG_Curve O SG_Surface
start = [p[0]] O SG_Complex
ond = P[0l Association
shape = [[-33115.7,-8487.8], p—

[-33118.3,-8488.8],[-33120.2,-8485.4],
[-33133.6,-8490.9],[-33132.2,-8494.1], [:]
[-33134.6,-8495.4],[-33131.7,-8503.1],
[-33129.6,-8502.5],[-33127.5,-8506.0],

[-33113.6,-8500.2],[-33115.1,-8497.5]]
left = [s[0]] X-33053.261 Y-8493.112

right = null
extend = [oc[0]]

c[1]: SG_Curve s[0]: SG_Surface r[0]: SG_Ring oc[0]: SG_OrientableCurve
start = [p[3]] exterior = [r[0]] elements = [oc[0]] orientation = false
end = [p[4]] interior = null original = [c[0]]

shape = [[-33072.8,-8544.8],
[-33082.7,-8518.3],[-33091.0,-8500.1]]
left = null

right = null

extend = null

Figure 8.5-3. Instance diagrams and geometry editor to represent Curve 0 and 1, and Surface 0.
Base map is the GSI map provided by Geospatial Information Authority of Japan
(https://maps.gsi.go.jp) .

Surface

i. Set the radio button ‘add’ in Action group at the right side of Geometry editor.

ii. Set the radio button ‘SG_Surface’ in Geometry group.

iii. Confirm the boundary curves are closed.

iv. Push the mouse button at the inside of the closed curves. A surface is automatically created. If the

error, for example, curves are open, is found, warning message is displayed on the page.
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Boundary and co-boundary relationships between the surface and the boundary curves are recorded in
the surface and the curves simultaneously. Actually, a surface is defined by a ring that is a sequence
of identifiers of its boundary orientable-curves. While, each curve has identifiers of co-boundary
surfaces at the left-hand side and the right-hand side in accordance with the gittok spatial schema (see

Figure 3.2-3).

8.5.5. CRS editor

This section describes the conversion between plane rectangular coordinates and geodetic coordinates.
Conversion between map-coordinates and plane rectangular coordinates were already introduced in

the section 8.5.3.

Japanese government adopted ‘Japanese Geodetic datum 2011° and which parameters are,
semiMajorAxis = 6377397.155 m
inverseFlattening = 298.257222101

verticalDatum = “mean sea level of Tokyo bay”

This ellipsoid is originally provided as GRS80 by International Union of Geodesy and Geophysics
(IUGG) in 1980. Meanwhile in October 2011, GSI released Japanese Geodetic Datum 2011
(JGD2011) as the new standard datum of Japan, because the wide area crustal deformation happened
caused by the ‘2011 off the Pacific coast of Tohoku earthquake’ at March 11, 2011. Parameters of the
ellipsoid did not change but the origin point of latitude and longitude moved about 27cm east, and the
reference position of height sank 2.4cm. These parameters were used for resetting of triangulation
points and benchmarks (GSI, http://www.gsi.go.jp/ENGLISH/page e30030.html accessed 2018-01-

14). However, these changes do not affect the parameters of CRS without its name.

The button to call the CRS editor page is located in Editor. The CRS editor enables to edit the CRS
in accordance with the CRS schema, which was already introduced in Figure 3.4-1. The parameters
can be edited by using the CRS editor shown in Figure 8.5-4. The coding rule of CRS id is provided
by the Japanese Industrial Standard JIS X 7115:2013 Amendment 1 — Metadata Annex 2
(Normative) - The notation of Japanese coordinate reference system
(http://www.kikakurui.com/x7/X7115-2013-02.html accessed 2018-01-14). By the way, the author
was the project leader for this standardization. JIS X 7115 (APA 2005) was the translation of ISO
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19115:2003 — Metadata. In this work, Annex 2 and other normative annexes only for Japan were
added. For example, the id shown in Figure 8.5-4 means “JDG 2011: Japan Geodetic Datum 2011,
TP: Tokyo Pail, 9(X, Y): Plane rectangular coordinate system Zone No. 9, H: Elevation”. This
standard published in 2005 was amended in 2013 as the name was changed from JGD2000 to
JGD2011.

Editor B#HE English
-
Application
open [P m I s
sampleSchema.aps sampleObjects.kit CRS9TP2.crs
[ Feature ] Associaton | 1
o BZHE English
ce
nate Reference System fle
Instance IDs save
CRS id |JGD2011, TP/9(X,Y), H
RS9TP2.crs
Geodetic datum
ttach | to kit
o -
) name [Japanese Geodetic datum 2011 ]
AttributeType List »
dr | name data type multi Ellipsoid name GRS80
semmgoras (oo |
path SG_Curve false motlu LIS
iver aten
name CharacterString | false 9 298.257222101
L S —
Vertical datum
id [TP | name Mean See Level of Tokyo Baj
Coordinate system id |9(x‘ Y) |
name |Plane Rectangular Coordinate System 9]
dimension
-
Axis name direction uom
X north m (4]
Y east m
! -
. | H vertical m v
Gauss-Kriiger Projection

scale factor 0.9999
orgn e
decimal degree
gt
ngl 139.8333333

false easting

T N C—
I Ca—

Figure 8.5-4. CRS Editor.
8.5.6. Editors for non-geometric attributes

Gittok allows to use two types of non-geometric attributes; thematic and place. Integer, Real, Bool,
CharacterString, and GDate are primitive data types for the description of thematic attributes. Place

identifiers are implemented as place attribute types: Address, URL, imageURL, soundURL, and
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videoURL.

Attributes of primitive data types can be entered in Editor. Attributes of composite data types are
compiled with pages provided for particular data types. A feature with more than one attributes of

different composite data types can be thought as it is multifaceted. Figure 8.5-5 shows the pages for

the compilation of multifaceted features.

Editor B#8 English Address Editor B3 English ‘i URL Selector B8 Engish
- - . ‘IMI.
Com [ con | e [T | =
i address 5-36 Kagurazaka,
[ Applcatin ol Kt IEXH crs Shinjuku Ku,
basicSchema.aps basicData2 kit Tokyo
R e Fantastic Kagurazaka
s | fssoca iy
The must place you should visit.
Feature Type - 150 [ namo p! y e
_Rwd ‘:. dele(a Feature - - 1
UM Jamaica f
Yl | 50B0CD1A-5985-FA...
JP Japan
value
Date @
AtributeType List » Attribute ID Value List »
dr | name data type muti. [ unit | [ 1D \alue
centerLine | SG_Cune false Kagurazaka Sound Selector B English
-
movie VideoURL | false
environmental$| SoundURL | false L] Sound
roadNum Integer false EmvSound140325.mp3
administrator | CharacterString| false
J [ pay [ pause [ swp |
name CharacterString| false
Volume
—_——
I T e

i Image Selector B English
-

Figure 8.5-5. Attribute editors for a multifaceted feature. The author captured the photographs,
sounds and video.

8.5.7. Virtual feature selector

Gittok has a function to create a kit as the mixture of physical and virtual features. Association tab in
Editor is used to create an association instance. A physical feature is assigned by a proxy geometry
displayed on Geometry editor, while a virtual feature is assigned by its proxy attribute on Virtual

feature selector. Two different types of associations, which are not considered in the conventional GISs
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are introduced in gittok. They are “association between virtual features and different virtual types”

and “association between virtual feature and physical features”.

Editor A& English
>c =
:
Application ed roe
[ open  Badceen Kt g™
Uni i aps Data.kit
Virtual feature selec Virtual feature selector H18 Englsh
- Feature A ==
= Feature type University E Feature type Premises
AssociationType
Proxy type name UnivToPrem T add o Proxy type name
o oPre EBEZ
[IHENA DS 9TAOD4BA-2C2( "
The University of Tokyo Takanodai campus
Chuo University Connecter | AttributeEditor Korakuen campus
Musashino Art University Association style associate Ichigaya campus
Q from @®to Correspondenc Kichijo-ji campus
Feature type University Premises Tama campus
Iabinasin tnmashi Anmaniian
items Role name campus S
Chuo University Instance ID  3234E325-9AC4-9DC| |[FDBFB236-82CC-Ad€E Korakuen campus
350CB758-3BC4-6D6 | Tamacampus
B096952B-36A9-2714 Ichigaya campus
5F339FF7-E8C1-8CE Ichigaya-tamachi campuss
[0 i 3
Proxy name name
Proxytype  Cl ing c ing | ‘

Figure 8.5-6. Association between Chuo University and four campuses assigned on the

association tab in the Editor. Features in both side are virtual.
Figure 8.5-6 shows the creation of the instance that represents the association between virtual features
of different types: Chuo University and its 4 campuses. The application schema was defined in Figure
2.5-1. Chuo university is selected as a ‘from’ feature in the Virtual feature selector for ‘FROM’ at the

left-hand side. Then four premises are selected as ‘to’ features in the Virtual feature selector “TO’ at

the right-hand side.

Figure 8.5-7 shows the association between virtual feature and physical features; the campus and the
buildings in it. By clicking the ‘from’ radio button in the Connector tab, Virtual feature selector is
called. In the selector, Korakuen campus is selected as a ‘FROM’ feature. Then buildings in the campus
are selected as ‘“TO’ features. The association instance between campus (premises) and buildings is

defined by these operations.
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Figure 8.5-7. Association between Korakuen campus and school buildings assigned on the
association tab in the Editor. In accordance with the application schema shown in Figure 2.5-1,
Data type of a campus is Premises and it is a virtual feature. While Building is a physical feature

type.
8.6. Manager
8.6.1. Introduction

Manager consists of the metadata editor and the geo-library. Gittok currently does not use DBMS and
the geo-library is not distributed on the Web. However, students can make metadata, and they retrieve
and reuse a kit by using the personal geo-library (Figure 8.6-1). To retrieve a kit by a geographic extent,
one of the Open Street Map providled by the OpenStreenMap Foundation
(http://www.openstreetmap.org accessed 2018-08-06) or the GSI Map provided by the Geographic
Information Authority of Japan (https://maps.gsi.go.jp/ accessed 2018-08-06) can be used as the

background map.
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8.6.2. Metadata creation and editing

The creation procedure of metadata in compliance with the metadata schema is as follows. The
geographic extent is automatically calculated by using the coordinates in the kit.

1. Open a kit.

ii.  Declare items of metadata.

iii.  Save the metadata.

metadata: Metadata

Manager B English
title = “VisitKagurazaka” Z[ﬁ
kitURL = “basicData.kit” m
overview = “This data is acquired
for the Visit Kagurazaka Project. T g
responsibleParty = “Kagurazaka . I\ﬁsilKagurazaka I
Design Studio” eyoIs
Overview |This data is acquired for the Visit |
publicationDate = “2015-03-01" Kagurazaka Project.
Keyword list
geographicExtent = [rectangle[0] -
R ible party [" g Design Studio J N
rectangle[0]: SG_Rectangle Publication date histrical place
id = “D77F56C7”
lowerleft = Geographic Extent
[35.70081074, 139.738240]
upperRight =
[35.70233562, 139.7406877]

S5 - e & g - ! Y
Sk { ;
/ Lon 139. 74241 Lat: 35 70052 /\ (GS' Ja Op
I

D Plane Cootdlnale

Figure 8.6-1. The GUI for metadata creation and editing, and object diagram for metadata on
the GUI. Lowerleft and upperRight are geodetic coordinates represented in decimal degree. The
background map is the GSI map.

The procedure of metadata updating is as follows.
1. Open a metadata on GUI.
ii.  Change the values of items on GUL

iii.  Save the revised metadata.
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8.6.3. Geo-library

Geo-library in gittok is used to retrieve the appropriate metadata (Figure 8.6-2). By clicking ‘metadata’
edit button, the GUI is changed to Metadata tab, and the content of the retrieved metadata can be
confirmed. If it is suitable for the user’s purpose, the user can send a kit to the appropriate component
by clicking one of the five buttons (metadata editing, kit maintenance, analysis, exchange and

mapping) located at the right side of the geo-library GUI.

The metadata is selected

Manager B&MW English
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[vecws [Sgeniiang metadata list by clicking
— Metadata st the geographic extent in
Geo-library basicMetadata.mtd . L
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Geographic Extent restaurantGuide.mtd

/
/
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@T )

Metadata with the same
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metadata list box by

23
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oL The two metadata above
S\ N
= }': /\ \H have the keyword
| Lon135.73648 Lat:35.702 /\0\ 2 " N
L LT NN N \ Kagurazaka” .
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Figure 8.6-2. Metadata retrieval by using the GUI of Geo-library.

8.7. Analyst
8.7.1. Introduction

Analyst is a software component for execution of geospatial analyses. Students may study an object-
oriented analysis to obtain meaningful information, through applying operations declared in feature
types and association types. However, there are many analytical approaches including spatial analysis,

spatial modeling, geostatistics, spatial econometrics, spatial statistics, qualitative analysis, map
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algebra and network analysis (DiBiase et al. 2006) and so on. Providing and Learning all methods are
almost impossible because of the enormous variety. And it is rather not so important to implement the
wide range of analyses for the study of the technology to activate the analysis methods as operations.
Therefore, analysis tools executed through the Analyst in gittok are limited to software modules
applying basic computational geometry such as

- Simple buffering from a curve to geometries,

- Center of geometry

- Convex hull,

- Shortest Euclidian distance between geometries,

- Length of a curve,

- Shortest path finding,

- Estimation of plot ratio (floor area ratio).

Table 8.7-1 describes analysis tools included in gittok in detail.

Table 8.7-1. Analysis tools provided by gittok

Operation types Operations Descriptions
Buffer getOnBufferPoints Get points of which distances from base curves are less than
the given value.
getOnBufferCurves Get curves of which minimum distances from base curves
are less than the given value.
getOnBufferSurfaces Get surfaces of which minimum distances from base curves
are less than the given value.
Center centerOfPoints Get a gravity center of a set of points
centerOfCurve Get a gravity center of a curve
centerOfSurface Get a gravity center of a surface
centerOfComplex Get a gravity center of a geometry complex
centerLayingOnCurve Get a point laying on the curve of which extended distances
from start and end points are same.
centerOfMIC Get a center point of a maximum inscribed circle in a
surface. The center is located always inside of the surface.
centerOfNetwork Get a gravity center of a network
locateFacility Get a gravity center of points with weight. This operation is
used for the exercise of the store siting.
ConvexHull getComvexHull Get a convex hull for a set of points
DistanceBetween distancePtoP Get a distance between two points
distancePtoC Get a minimum distance between a point and a curve
distanceCtoC Get a minimum distance between two curves
distanceCtoS Get a minimum distance between a curve and a surface
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Length lengthOfCurve Get an extended length of a curve

Ratio getPlotRatio Get a plot ratio of a building on a parcel

ShortestPath getPathByWarshallFloyd Get a shortest path from a start point to an end point in a
*) directed graph

(*) The Floyd-Warshall algorithm (Cormen et al. 2009) is also called ‘Warshall-Floyd’ in Japan
(Kubota 2015). This algorithm is valid, as long as there are no negative-weight cycles in the network.

By the way, gittok equips various kinds of basic mathematical functions behind of software
components. They are listed in Table 8.7-2. They will be able to re-implement as operations for

analysis, if they will be required.

Table 8.7-2. Mathematical functions provided for gittok

Function types Functions Descriptions
Affine transformation  getParameters Get coefficients, errors, RMSE, and variance co-variance
matrix by applying the least square method
conversion Convert coordinates from map to plane rectangular
coordinate on the ground
inverseConversion Convert coordinates from plane rectangular coordinate on
the ground to map
Angle decimalToRad Convert angle from decimal degree to radians
radToDecimal Convert angle from radians to decimal drgree
degToRad Convert angle from degree of which style is ‘ddmmss.ssss’
to radians
radToDeg Convert angle from radians to degree of which style is
‘ddmmss.ssss’ to radians
azimuth Get azimuth from a coordinate to another coordinate
traverseAngle Get traverse angle of two connected vectors of one’s end
point is the same as the start point of another
Distance p2p Get distance between two points
nearestPfromPs Get nearest point from a set of points
p2l Get distance between point and line segment
p2ls Get distance between point to a coordinate array
p2clb Get distance between point to a circle boundary
IsAnls Get distance between two coordinate arrays
EastWest isLEastOfP If a return value is plus, then a line segment is at east side
of a point
is LSEastOfP If a return value is plus, then a coordinate array is at east
side of a point
GaussKruger setParameters Set CRS to Gauss-Kruger projection
BLtoXY Convert from geodetic coordinate to plane rectangular
coordinate
XYtoBL Convert from plane rectangular coordinate to geodetic
coordinate
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Hyperbolic sinh Get hyperbolic sin of a given number
cosh Get hyperbolic cos of a given number
tanh Get hyperbolic tan of a given number
arctanh Get hyperbolic arctan of a given number
Length of line string lengthLS Get extended length of coordinate array
Matrix determinant Get determinant of matrix
transpose Get transpose matrix
multiple Get multiple of two matrixes
inverse Get inverse matrix
add Get addition of two matrixes
sub Get subtract of two matrixes
getAffineParams Get coefficients of linear transformation (the section 8.3.3)
Relation nearestPonL Get the point on a line segment nearest from a point
nearestPonLS Get the point on a polyline nearest from a point
nearest VertexIndex Get the vertex on a polyline nearest from a point
intersect ToLineString Get the intersection points between line segment and
polyline
pointInRing Get if a point is inside of a simple closed coordinate array
(This is so called point-in-polygon problem)
Sort lexicoMin Sort 2-d coordinate with lexicographic order (*)
sortRecords Sort records by key column

(*) Lexicographic order in this case is that if more than one same x-values are found after sorting with
ascending order, then the sorting of y-values with ascending order will be done in this extent.

8.7.2. Example of Analyst operation

Figure 8.7-1 shows the shortest path finding as an example of spatial analysis. The finding operation
is put at RoadNetwork defined as an association between intersections and roads. Because a road
network can be defined as a directed bipartite graph from node points to link curves of which

boundaries are node points.

The return value of this analysis is a linear graph that consists of node points and link curves. The
spatial schema of gittok enables the description of the datatype called SG_Complex as shown in Figure
3.2-3 in the section 3.2.3. SG_Complex is a geometry complex such as a graph. Therefore, the data

type of the return value of this operation is SG_Complex as a chain of curves.

The elements of the operation syntax are described as follows. The examples are taken from Figure
8.7-1 (b).

i.  Operation type name (e.g., ShortestPath)

ii. Operation name (e.g., getPathByWarshallFloyd)
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(a) Application schema of a road

RoadNetwork

/shortestPath: SG_Complex

getPathByWarshallFloyd(

vertecs[1..*]: SG_Point,
edges[1..*]: SG_Curve,
startEnds[1..*]: CharacterString,
out shortestPath: SG_Complex)

startEnd: CharacterString
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Figure 8.7-1. Example of analyst operation
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iii. Array of argument and attribute combinations, which element is the argument name of an operation
and the attribute name of a feature/association. An argument and an attribute may be multiple. (e.g.,
{{vertices, position, “multi”’}, {edges, centerline, “multi”’}, {startEnds, startEnd, “multi”}})

iv. The name of the return attribute type and its type name. (e.g., return attribute name: shortestPath,

feature/association type name: RoadNetwork)

When the return value is stored in the attribute ‘shortestPath’, Analyst shows the identifier (id) of the
attribute in the list of ‘Return attribute value’ in the GUI as shown in Figure 8.7-1 (c). The user can

confirm the shortest path on the Geometry view panel by clicking the return attribute id.

8.8. Cartographer

W‘ Cartographer HZE English
-

8.8.1. Introduction Mapping tools

Symbol Style Design
Cartographer is provided for designing of cartographic Lo/ St Desir
products such as a map, a gazetteer and a list. It consists Portrayal Schema Design

of two component groups: ‘Mapping tools” and ‘Listing Sl

Listing tools

List Schema Design Listing

Figure 8.8-1. Cartographer GUI

tools’ (Figure 8.8-1). Mapping tools enable to create maps
and gazetteers. The Map editor is used to compile maps.
Map editor also allows that the user can create
cartographic products following the internal format, SVG,
and GeoJSON for the distribution of geospatial

information.

Meanwhile, listing tools are prepared for listing of virtual features. Listing tools consists of the List
schema designer and the List editor. The List schema designer is used to create a list schema. The List
editor provides the lists following the list schema. The lists follow the internal format defined in gittok,
or HTML for distribution to the public on the Web. In this section, the listing tools will be introduced

after the introduction of the mapping tools.

8.8.2. Mapping tools

Introduction
Mapping tools consist of five components: Symbol style designer, Label style designer, Portrayal

schema designer, Gazetteer designer and Map editor. The Symbol style designer enables to design
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symbol styles such as point, line, area, and complex symbol styles. The Label style designer enables
to design label styles for labeling of a feature displayed on a map. Gazetteer designer enables to
compile a gazetteer for searching of a feature on a map.

Cartographer > Cartographer >

s-mus

m\/

mmE]pw
caps e | D
s T
dash g e
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@eobevmm

color select

[=LCION open catalogue

(a) line symbol style (b) area symbol

Cartographer > Cartographer >

pomsymoos | (B

[ no area
updale

(c) point symbol style (d) complex symbol style

Figure 8.8-2. GUIs in Symbol style designer.

Map editor enables to compile a map in accordance with the portrayal schema, and it can encode the
map to the system independent format for the distribution on the web. These tools are used to produce

a general-purpose map, a choropleth map and an interactive map.
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Symbol style designer

Symbol styles are designed as an element of a symbol style dictionary (SSD) in accordance with the
schema for SSD, which was introduced in the section 4.2.3. Figure 8.8-2 shows the GUIs in the
Symbol style designer. Four tabs for line, area, point and complex symbol styles are prepared. The
order of design operation is basically line at first, then area, point and finally complex. According to
the schema for SSD, line symbol is the primary symbol. A boundary of area symbol is a line symbol.
Point symbol is basically represented by a coordinate sequence modified by a line symbol, and point
symbol may be represented by a combination of line symbols and area symbols. Complex symbol is

a combination of a point symbol, a line symbol and an area symbol. The schema for SSD was

w‘ Color Selector Bz English
Color
-

Red — we———
Color selector value [190 ]
Green T
. . value
Colors for a line symbol and an area symbol is Bt ———
valuom

selected as RGB and alpha value by the Color selector e

illustrated in Figure 4.2-3.

shown in Figure 8.8-3.
Figure 8.8-3. Color selector
Label style designer

Label style is designed in accordance with the Label Style Designer R
A4 Py

LabelStyle class implemented in the Label style S ——
name
designer (Figure 8.8-4). Label style name, font type, font e
. . size Optima
size, color, and reference position can be declared.
-
Font type can be selected from the dropdown menu. S o0 |
railName m
It shows the font types those user’s machine provides. O3 @4 OS5 | uniwame
. o CSRRCZENO?
The user can confirm the design by clicking ‘show

sample’ button. The font type name as a sample of the
label appears in the text box under the button. The

Figure 8.8-4. Label style designer
LSD is saved in the storage folder after designing.

Portrayal schema designer

Portrayal schema is created in compliance with GPM introduced in the section 4.2.2. GUI of the

Portrayal schema designer consists of three blocks (Figure 8.8-5).
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The upper block enables the selection of the application schema, SSD and LSD. This block also is
used for saving and opening of the portrayal schema. The middle block enables the selections of

feature/association types, attributes for representation, and, if it is required, attribute types for the
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open open open open
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Select type edit
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Lower block

assign clear

Locale EEEEVENET

Reference geometry

%éé%%él
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Figure 8.8-5. GUI of Portrayal schema designer. In the figure, ‘thematic’ tab shows the assigned
classification of population density. While, ‘general’ tab shows the label style description. The
red character string ‘Test String’ is a sample of the label.
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information pages. The lower block enables the selections of symbol/label style for target attribute,

and attribute value classification for the choropleth mapping.

Figure 8.8-5 illustrates the portrayal schema for the choropleth map to show the population density. A
name of each census district is portrayed by the label style ‘TownName’. Its position is located at the
center of the geometric attribute ‘area’. Population density is classified into intervals of 50
persons/km?, and each interval is portrayed by the corresponding area symbol. The classification is

shown at the lower block in the thematic tab.

Application schema

Feature/Association type selection

l

Selected type

- For info. page
Attribute type Attribute list for info.__
selection pages

For symbolization

Selected For label
attribute type

For choropleth map

For general symbol

] [

Selction of Symbol style Selection of label style
symbol styles : and reference
. selection . ’
for ranking geometric attribute for
Thematic modifier General modifier <———

Registration as feature
portrayal unit

i |

Portrayal schema CSS for SVG

Figure 8.8-6 Portrayal schematization flow

Figure 8.8-6 illustrates the flow of portrayal schematization. Each feature is represented by one symbol,
one label and information pages for multifaceted attributes. Outputs of this flow are a portrayal schema

and a Cascading Style Sheet (CSS), which is used to display SVG file on the Web browser.
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Map editor

Map editor is used for designing a map automatically by transferring the geospatial objects, and by
the layout of marginalia by hand. It also is used as a map viewer. A map consists of map face and
marginalia in accordance with the map instance model as introduced in the section 4.4.1. Map editor

has three functions to provide cartographic products. They are designing of a map face, alignment of
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Figure 8.8-7. Editing procedure for static map
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a marginalia, and providing of files for distribution.

As shown in Figure 8.8-7, the typical procedure of map designing is,

(1) Automatic configuration of a map face,

(2) Position adjustment for labels, legend and bar-scale by hand,

(3) Title setting, north arrow selection, and background color setting if required,

(4) Verification of the map.
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Figure 8.8-8. Interactive map for display of multimedia feature attributes on information pages.
(https://www.kagurazaka-bishamonten.com/about accessed 2018-11-03)

The map face is automatically designed in compliance with the portrayal schema. Marginalia consists
of title setting, subtitle setting, bar-scale location, legend location and north-arrow selection and
location. Those are done manually. Currently, the implementation of generalization assistance function

is out of scope for gittok. It will be a future issue. If a portrayal schema is defined for the interactive
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map, the operation to see information pages will be possible on the Map editor by selecting the feature

and attribute type (Figure 8.8-8).

As already mentioned at 8.8.1, the Map editor allows to select three different formats to produce a
map file for distribution. They are the internal format, HTML with SVG, and GeoJSON. A set of
cartographic objects with the internal format can be restored in gittok, and the user can edit the map
again. While the files with other formats cannot be no longer restored in gittok, because they are

graphic files and no longer follow the map instance model and application schema.

Map representation on the web

HTML file provided by gittok is a map using <
<svg> element following HTML V.5 for PopuiationDensity.nim o
distribution to the pubhc Figure 8.8-9 shows a Popu|ation Density in Kisaragi District

stinfodesign.net, 2017

sample of the map displayed on the Web browser.

The reasons to choose SVG are as follows

(Eisenberg and Bellamy-Royds 2014).

Shirogane

i. SVG is an open standard developed by the
World Wide Web Consortium (W3C) since

populationDensity

1999 (https://www.w3.org/TR/SVG11/ S C?
accessed 2018-01-04). i 2

[l 450 s x <500

ii. SVG is resolution independent as it is
100m
provided for the vector graphics.
iii. SVG supports the event handlers enabling the ~ Figure 8.8-9. SVG map displayed on the Web

coding of interactive maps.

GeoJSON file

Gittok can output data following GeoJSON. It is a standard provided by the Internet Engineering Task
Force (IETF) commonly used in web-mapping software and GI systems (RFC 7946: 2016,
https://datatracker.ietf.org/doc/rfc7946/ accessed 2018-05-23).

By the way, TopoJSON as an extension of GeoJSON is also used today, because it enables to avoid
the redundancy of GeoJSON by sharing of boundaries between adjacent polygons. GeoJSON files

provided by gittok can be converted to TopoJSON as gittok ensures topological consistency.
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The output function of GeoJSON file may seem to be a part of Exchanger as it is a function to convert
a kit to a file with the system independent format. However, as already mentioned, GeoJSON file is
independent from cartographic objects with the map instance model. Moreover, before encoding, we
should select physical features and their attributes including geometry for mapping. We also select
attributes for information pages in accordance with

the portrayal schema. Therefore, GeoJSON file is
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Figure 8.8-10. Gazetteer designer
Gazetteer representation

A gazetteer has a function for translating a feature to the center of the screen by selecting a geographic

identifier (Figure 8.8-11).
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Figure 8.8-11. Example of gazetteer. (1) Initial screen. (2) ‘ B UK’ is selected in the gazetteer.
(3) ‘IR is moved to the center of the screen.
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8.8.3. Listing tools

Introduction

Listing tools enables a list compilation by selecting virtual feature instances. It consists of two
components: the List schema designer and the List viewer. The List schema designer enables to create
a rule for listing by the selection of feature type and attribute types. The user may obtain information

about features in accordance with the list schema on the list viewer.

i i y List Schema Designer
List schema designer w_‘ s "
_ _ [ opon Pt [ open | schema
A list schema defines the representation rules UniversitySchema.aps UniversityList.isc
for virtual features. Proxy attribute is the Festuropesciwiich VR gwwegy Selecad fesure
mandatory item as it is used as the key element. FeatureType | proxy
University name
Other attributes representing in the list are
chosen as ‘selected attributes’ in the list schema
designer (Figure 8.8-12). The operation order Atrbute s winout oy B st
. . . triby
for the list schema design is as follows. fame [ype [ mots. | [T e
president CharacterString  false president
1. Select feature type for listing. It is added photos ImageURL  true photos
homePage
. homePage URL false
in the table for ‘Selected feature types’. history — p— history
ii.  Select the feature from the table for
‘Selected feature types’. Figure 8.8-12. List schema designer

iii.  Select attributes for display in the list
from the table for ‘Attribute types without proxy’.

iv. Repeat ii to iii, until finishing the attribute selection for every feature type in the table for
‘Selected feature types’.

v.  Save the list schema in the storage folder.

List viewer

A list works as an index to get feature attributes. For example, ‘Proxy value list’ at the left side of
Figure 8.8-13 is a list face. By selecting a proxy value and an attribute type, the user can see the
multifaceted attributes such as simple data, image, web site, memo, video and audio. There are no
video and audio in Figure 8.8-13 because it happened to have no such attributes in this feature. List
viewer also has a function to provide the html file for the distribution to the public by pressing ‘save’

button at the bottom of the List viewer.
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List representation on the web

List viewer may provide the list with HTML format for the distribution in the Internet environment.
The HTML file enables to access not only simple data such as string, number, memo and address, but
also multifaceted attributes such as image, video, audio, and home page. Figure 8.8-14 is a part of
HTML list, which shows the content of Musashino Art University. A photo of campus and a home

page are information pages hyperlinked by the homepage of this list.

We should keep in mind that listing is primarily prepared for the representation of virtual features.
However, a place-names dictionary can be provided by changing proxy attribute from geometric to
non-geometric. Currently, GISs having such a capability seems to be few because most of existing

GISs does not assume the management of virtual features.

8.9. Exchanger

8.9.1. Introduction

Exchanger can transform schemata and objects Exchanger
from/to internal format called Action Message =

Exchange Files
Format (AMF) to/from XML as shown in O )
Figure 8.9-1. AMF is a binary format provided O Kit (kit)

.. . (O Metadata (.mtd)

by Adobe Systems used to serialize objects. ‘
(O Coordinate Reference System (.crs)

Gittok uses AMF as it is developed by using O Symbol Style Dictionary (.sym)
O Label Style Dictionary (.lab)
(O Portrayal Schema (.psc)
() Gazetteer (.gaz)
8.9.2. Exchanger O List Schema (.lsc)

ActionScript V3.0.

XML: EXtensible Markup Language
AMF: Action Message Format

(O Encode to XML document
(O Decode to AMF data

Exchanger enables to encode and decode O

geospatial data and cartographic data in

accordance with their instance models for the

description of XML documents. The types of Saved flle:
data that can be exchanged are shown in Table
8.9-1. Figure 8.9-1. GUI of Exchanger
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Table 8.9-1. Data for exchange as XML document.

Types Exchangeable data file name extensions
Geospatial data Application schema .aps

Kit kit

Metadata .mtd

Coordinate reference system .crs
Cartographic data Symbol style dictionary .sym

Label style dictionary bl

Portrayal schema .psc

Gazetteer .gaz

List schema Isc

The following text is an example of the XML document representing the CRS. The document
structure is in accordance with the schema for CRS shown in Figure 3.4-1 illustrated at the section

34.

<CRS id="JGD2011, TP/ 9(X, Y), H">
<datum>
<GeodeticDatum id="JGD2011" name="Japanese Geodetic datum 2011">
<ellips>
<Ellipsoid name="GRS8.0" semiMajorAxis="6378.137" inverseFlattening="298.257222101"/>
</ellips>
<pm
<PrimeMeridian greenwichLongitude="0"/>
</pm>
</GeodeticDatum>
</datum>
<vDatum>
<VerticalDatum id="TP" name="Mean See Level of Tokyo Bay"/>
</vDatum>
<cs>
<CoordinateSystem id="9(X, Y)" name="Plane Rectangular Coordinate System 9" dimension="3">
<axis>
<Axis name="X" direction="north" uvom="m"/>
<Axis name="Y" direction="east" uom="m"/>
<Axis name="H" direction="vertical" uom="m"/>
</axis>
<ps>
<GaussKrugerProjection scaleFactor="0.9999" falseEasting="0" falseNorthing="0">
<origin>
<Coordinate component="36,139.8333333" dimension="2"/>
</origin>
</GaussKrugerProjection>
</ps>
</CoordinateSystem>
</cs>
</CRS>
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8.10. Functional suitability
8.10.1. Introduction

As long as gittok aims to be a learning assistance tool for the introductory education about GIT, it
should be confirmed whether the implemented functions are suitable for its purpose or not. The
purpose of the introductory education is that students will understand the fundamental image of GIT
as a preparation for learning deeper knowledge. The fundamental image of GIT is described as the
concept map and six knowledge areas. Gittok assists the students so that they can get the fundamental

image through exercises.

In this section, we confirm that gittok was developed so as to meet the requirements, in terms of
functional suitability. Functional suitability, in other words, functionality, is defined as a degree to
which a product or system provides functions that meet stated and implied needs when used under
specified conditions. This definition is provided by ‘ISO/IEC 25010 Systems and software engineering
— Systems and software Quality Requirements and Evaluation (SQuaRE) — System and software
quality models’ (ISO/IEC 2011). The functional suitability is measured as three characteristics:
completeness, correctness and appropriateness. Functional completeness is defined as a degree to
which the set of functions covers all the specified tasks and user objectives. Functional correctness is
defined as a degree to which a product or system provides the correct results with the needed degree
of precision. And functional appropriateness is defined as a degree to which the functions facilitate

the accomplishment of specified tasks and objectives.
8.10.2. Functional completeness

In the case of the introductory course using gittok, the topics that are described in Table 8.10-1 are the
specified tasks on the viewpoint of knowledge areas. And functions indicated in Table 8.10-2 cover
all topics taken up in the education. There is no inconsistency between two tables. Therefore, we may

conclude that gittok fulfills the functional completeness.
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Table 8.10-1. Topics taken up in the class (Ota 2017)

Knowledge areas  Topics

Modeling - Modeling is a process to create an application schema.
- GFM is the metamodel to show the rules for application schema.
- Application schema is the rules for the geographic objects description in
accordance with the universe of discourse.
- Geospatial objects are a set of features and feature relationships
- A feature may have spatial, place and thematic attributes (Gittok does not equip
temporal attribute types at this moment).
- Operations such as a spatial analysis are declared in a feature type.
- A feature type associates with other feature types or itself.

Acquisition - Acquisition is a process to get geographic objects following application schema.
- Geodetic coordinate is defined by the coordinate reference system which is
comprised of geodetic datum and projection methods.

Management - Management is a process dealing with geographic objects as resources for
applications.

- Metadata as information about resource includes, at least, title and keywords
(what), geographic extent (where), publishing date (when), overview (why and
how), and responsible party (who).

- Geographic objects registered in geo-library are retrieved by assignment of
metadata elements.

- Geo-library is used as a main part of the spatial data infrastructure.

Analysis - Analysis is a process to detect an essence of geographic phenomena by operations.
- Execution of an operation is possible by defining its syntax as a property of
feature/association type.

- The result of operation is embedded in a feature/association as a derived attribute.

Exchange - Exchange is a process to encode data with the system independent format by a
sender and to decode the data by a receiver.

- Application schema is a common basis for data understanding between senders
and receivers.

- An instance model and a markup language such as XML is used for the
implementation of data for exchange.

Representation - Representation is a design process of maps and lists in accordance with the
portrayal schema and the list schema.

- GPM is the metamodel to provide the rules for portrayal schema and list schema.
- The portrayal schema with SSD and LSD or the list schema shall be designed to
meet the purpose of representation such as general-purpose map, choropleth map,
interactive map, gazetteer and geographic name dictionary.

- Editing of maps such as re-positioning of labels and marginalia are required for
map editing

- Geospatial information are distributed by the format conversion from the internal
format to the system independent formats such as HTML, SVG and GeoJSON.
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Table 8.10-2. Software components and their functions corresponding to knowledge areas (Ota 2017)

Gittok componentss Functions and sub-modules

Modeler Application schema modeling
Feature Type designer, Association Type designer
Property type declarations
Attribute Type designer, Operation Type designer
Editor Instance editing
Feature editor, Association editor
Attribute editing
Geometry, Address, Image, Sound, URL, Video, Text, Memo, and List
Coordinate reference system declaration
CRS Editor
Manager Metadata creation
Metadata editor
Metadata and geospatial objects (kit) searching
Geo-library
Analyst Geospatial analysis
Feature analyst, Association analyst
Exchanger Encoding and decoding
Application schema, kit, metadata, CRS, Symbol style dictionary,
Label style dictionary, Portrayal schema, Gazetteer, List schema
Cartographer Mapping
Symbol Style Designer, Label Style Designer, Portrayal Schema Designer
Gazetteer Designer, Map Editor
Listing
List Schema Designer, List Viewer
Representation on the web
Map Editor, List Viewer

8.10.3. Functional correctness

Functional correctness is defined as a degree to which a product or system provides the correct results
with the needed degree of precision. As gittok is an interactive system, software correctness can be
confirmed relatively easier than other type of software because the response to the user's request is
represented visually. And most of the produced information can be confirmed by the encoded XML
document. Therefore, correctness of feature operations is confirmed by using data for inspection
during their developments. Today, the conspicuous bugs are not found by the practices of the
educations. However, it is difficult to confirm the correctness about all cases of procedures. Reports

from users will be highly appreciated.
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8.10.4. Functional appropriateness

Functional appropriateness is defined as a degree to which the functions facilitate the accomplishment
of specified tasks and objectives. For example, appropriateness is measured as that a user is only
presented with the necessary steps to complete a task, excluding any unnecessary steps. In the case of
gittok, usually the user can practice exercises appropriately without wavering, because software is
classified hierarchically into modules that correspond with knowledge areas, and topics in the module
are stratified as sub-modules. The user can choose the next task from the executable sub-modules.
However, the user should think which sub-module is appropriate, because gittok is an education
assistance tool and it does not always indicate the answer automatically. However, if gittok did not

accept user’s action, the user will see an alert on the screen.

As a consequence, we can conclude that gittok reaches the enough level of functional suitability as a

learning assistance tool of GIT. However, off course, we always need to improve gittok to realize the

better functionality.
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9. Education practices

9.1. Introduction

Teaching experiences on GIT by the author has been progressing in three phases. The first phase is the
semester-long course for undergraduate students at The University of Tokyo three times from 2008 to
2010. The second phase is the semester-long course for undergraduate students at Chuo University
two times from 2014 to 2015. The third phase is the three-day course for beginners and engineers in
the GIS related industry held by the GIS Certification Association (GISCA) organized by GIS
Association of Japan (GISA) since 2016. These experiences are reported in this chapter before

discussing the validation of the introductory course held by GISCA.

9.2. First phase (The University of Tokyo)

The author carried out the subjects so that the students will gain the literacy on geospatial modeling
and GI standards, because they are useful for research and development on GIS&T. As a matter of
fact, the theme of more than 50% of classwork was conceptual modeling as shown in Table 9.2-1. We
did not use any software tool, as there were no suitable tools at that period. However, the merit of this

teaching method was that we could spend longer time to discuss the theory behind of GIT.

Table 9.2-1. Syllabus for the subjects about literacy on GI modeling used in 2010

No. Subjects Knowledge areas
1 Prologue
2 Spatial thinking and conceptual modeling Modeling
3 Formal description of conceptual models by UML Modeling
4  General feature model Modeling
5 Application schema Modeling
6 Spatial schema 1 Modeling
7 Spatial schema 2 Modeling
8 Temporal schema Modeling
9 Spatial reference systems Acquisition
10 Coverage Modeling
11 Spatial analysis Analysis
12 Map representation Representation
13 Geospatial data acquisition Acquisition
14  Geospatial information technology (GIT) All

15 Final test
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The teaching materials such as slides were prepared based on the texts made for the seminar previously
performed. It was the GI standards studio held by the Spatial Information Technology SIG (SIT-SIG)
in GISA since 2003 till 2007. The author was a secretary of the organizing group. This seminar was
awarded by the GISA in 2006. The GI standards studio was the experience in the prehistoric phase

before the experience at The University of Tokyo.

The first phase triggered the development of gittok. Because, it was found empirically that it is difficult
to learn a whole image of GIT without exercises using a learning assistance software. The reason is

that GIT contains a lot of ‘procedural’ knowledges.
9.3. Second phase (Chuo University)
9.3.1. Introduction

The author carried out the introductory course on GIT at Chuo University from 2014 to 2015 for total
14 final grade undergraduate students. All students were members in the information science faculty
and they did not have any knowledge about GIT. The early version of gittok was used experimentally
each time. It was a good opportunity to improve functionality of gittok, and to solve problems and

bugs found during exercises in the class room.

Table 9.3-1. Syllabus for the subjects about GIT used at Chuo University in 2015

No. Subjects Knowledge areas

1 Prologue
2 Let’s get started with gittok Acquisition, Representation
3 Execution of the operation defined in a feature type Analysis
4  Object oriented modeling and application schema Modeling
5 Exercise to get plot ratio Acquisition
6 Scratch building of application schema for store siting Modeling
7 Data acquisition for convenience store siting as the group work Acquisition
8 Review of the siting exercise Modeling, acquisition
9 Coordinate reference systems Acquisition

10 Metadata and geo-library Management

11 Introduction to XML Exchange

12 Map design 1 Representation

13 Map design 2 Representation

14 Spatial schema Modeling
- Final exercise as homework All
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9.3.2. Syllabus

The syllabus created for the course in 2015 is shown in Table 9.3-1. The syllabus should be designed
so that students can overview six knowledge areas in GIT based on GI standards. However, without
the fundamental knowledge of UML, it is difficult to understand the conceptual structures of GIT. And,
without the knowledge of XML, it is difficult to understand the system independent data description
for exchange between different systems. Therefore, the introductions of UML and XML are mandatory
in the syllabus as prerequisites of the course. Moreover, the simple exercise for ‘getting started with
gittok’ was prepared at the starting of the class, as it is effective for the students familiarize with gittok.
The purpose of exercises is to ensure that the students understand the concepts in GIT rather than

merely learning how to use gittok.

9.3.3. Application schema modeling

The modeling of an application schema is one of the important exercise in this class. The students
build the application schema from scratch for store siting, in the subject No 6. Several different but
valid schemata are proposed. The students find that some of schemata are transformable but the
reliability and difficulty of data compilation are different. Figure 9.3-1 shows examples the students
proposed. The diagram (a) is the simplest application schema. However, it cannot ensure that the
combination of building attribute values is correct. And it is unclear that storeLocation is an attribute
of a trade area or not, as it should be an attribute of the store. The diagram (b) is improved so that the
combination of building attributes is ensured by the definition of Building. And storeLocation
becomes an attribute of Store. However, the relationship between arguments and return value of the
operation locationFacility is unclear. Finally, (c) is the version to describe the operation to obtain store
location by building information. However, the definition of BtoS association makes the schema a bit
more complex. All of them are valid to estimate the store location. The students try consensus making
before data acquisition as the group work. And they understand that process of consensus making is
important to move forward with the project. By the way, the lecturer recommended (c), as it describes
the relationships between buildings and store clearly, and the function of the association BtoS is

clarified.
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TradeArea

buildingShape[1..*]: SG_Surface
buildingStories[1..*]: Integer

(a) populationRatioOfDayAndNight[1..*]: Real
/storeLocation: SG_Point

locationFacility(out storeLocation)

Store Building
StoB *
() /location: SG_Point ° T buildingShape: SG_Surface
clients | pyildingStories: Integer
locationFacility(out location) populationRatioOfDayAndNight: Real
BtoS

locationFacility(out candidatee.location)

Building

buildingShape: SG_Surface 1.7 Store

buildingStories: Integer candidate

Nlocation: SG_Point

populationRatioOfDayAndNight: Real

Figure 9.3-1. Alternative schemata for store siting. Arguments for syntax of locationFacility are
simplified in the diagram. Actual arguments are buildingShape, buildingStrories and
populationRatioOfDayAndNight.

9.3.4. Final exercise

The grades of students are evaluated based on the final exercise instead of the final examination. One
example of the submitted interactive map is shown in Figure 9.3-2. The students 1) modeled the
application schema, 2) investigated in the field, 3) captured feature instances with geometric and non-
geometric attributes in accordance with the application schema, 4) modeled the portrayal schema for
interactive map by the selection of features and attributes, 5) designed symbols, labels and map

marginalia, then 6) created an interactive map in their areas of responsibility.

From the results of the final exercise, we can confirm that it is possible to provide an introduction to

GIT based on GI standards in the form of a college-level course to new students.
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Figure 9.3-2. An example of submitted interactive map as the result of final exercise submitted by
Maki Yamada in 2014. The photo of the well was taken in front of the house of Ichiyd Higuchi
(1872-1896), the Japanese female writer in the Meiji Period (1868-1912).

9.4. Third phase (GIS Certification Association)
9.4.1. Introduction

GISCA organized the first open seminar on the introduction to GIT at the Shinjuku Campus of
Musashino Art University, Tokyo, Japan from January 8 to 10, 2016. The title of the seminar is the
Geographic Information Technology Education Course (GITEC). The length of the course is 3 days
(21 hours). The duration is nearly the same as the semester-long course. Anyone can participate in this
course, and the students were beginners and engineers working in GIS related industries. Twenty-one
students completed the first GITEC. Since then, GITEC beginner’s course has been held two times
more, August 19 to 21, 2016 at Musashino Art University, and May 24 to 26, 2017 at Kokusai Kogyo
Co., Ichigaya, Tokyo.

9.4.2. Syllabus

The syllabus using in practice is described in Table 9.4-1. This was made based on the syllabus used

in the subjects in Chuo University.
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Table 9.4-1. Syllabus for GIT introductory course held by GISCA since 2016.

No.  Subjects Knowledge areas

1 Course guidance and introduction to GIT
2 Let’s get started with gittok
3 Object-oriented modeling Modeling
4 Introduction to GFM and application schema Modeling
5 Application schema modeling (group work) Modeling, Acquisition
6 Plot ratio (Floor area ratio) estimation Analysis, Modeling, Acquisition
7 Store siting (group work) 1 Analysis, Modeling, Acquisition
8 Store siting (group work) 2 Analysis, Modeling, Acquisition
9 Portrayal schema designing Representation

10 Mapping to show the result of siting Representation

11 Spatial schema Modeling

12 Coordinate reference systems Acquisition, Exchange

13 Metadata and geo-library Management

14 Geospatial data exchange Exchange

15 Gazetteer and listing Representation

9.4.3. Schedule

First day

In the first day, students answer the pretest after the guidance of this course. Then they perform a
simple exercise ‘Getting started with gittok’ as same as the class at Chuo University. In the afternoon,
the students learn the UML class diagram at first. Then they are split up to groups of four or five
members. Each group discusses and design application schemata for the themes given by the lecturer
as follows.

1) Definition of a feature type ‘Building’ with shape as surface, area as real value, and operation to

get an area.

2) Definition of an application schema including an inheritance of the super type. The theme is the
facility management of city traffic system. Given domain of discourse is as follows.

- Station is a point where passengers get in and get out, which is located between the terminal stations.

- Station is categorized to a bus station and a tram station.

- Bus station is signified by a sign pole put at its location.

- Tram station is signified by a platform on the road.

3) Definition of an application schema including an association between different feature types. The
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theme is the estimation of the risk caused by tsunami. Given universe of discourse is as follows.
- The place suffered by the tsunami is called the affected area.
- A tsunami has its name and day and time of occurrence, and is associated to the earthquake that
caused it.
- There are more than one affected areas suffered from one tsunami. An affected area is characterized
by its name, the affected extent, the number of affected houses, and the number of affected people.
- Since the height of the tsunami depends on the affected area, the height of the tsunami is considered
to be the attribute of the association between the tsunami and the affected area.

- There is a possibility that the same area is affected by different tsunamis.

Next in the afternoon of the first day, the exercise for learning a concept of feature association
including an operation is performed. Each group discuss and model an application schema to estimate
plot ratio. Plot ratio is also called a floor area ratio, floor space ratio, and so on depending on the
country and region, and it is defined as a ratio of the total floor area to the site area of a building. Local
governments restricts the plot ratio for each use district to maintain a quality of life. The plot ratio is
lower in residential districts and higher in commercial districts. The students confirm that the plot

ratios in the test area do not exceed the limitation imposed by the local government.

The sequence of the exercise is as follows.

i. Application schema modeling through group discussion

ii. Presentations of application schemata modeled by groups

iil. Designation of the application schema used in the exercise by the lecturer
iv. Application schema implementation by using Modeler

v. Digitizing of a geographic objects by using Editor as the group work

vi. Determination of the plot ratios by the executions of operations in the Analyst.

A ‘getPlotRatio’ operation is placed in association ‘LtoB’ between HousingLot and houses, because
the plot ratio is obtained as the ratio between housing lot and total floor area of buildings (Figure 9.4-
1). The arguments of ‘getPlotRatio’ are the shape of housing lot, the shapes of buildings, and the stories

of buildings. The returned value is fed into the derived attribute ‘plotRatio’ kept in LtoB.
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LtoB

/plotRatio : Real

getPlotRatio(HousingLot::shape,Building::shape,Building::stories,out plotRatio)

HousigLot 1% Building
classification : CharacterString S:'al?e I.SIGt_Surface
shape : SG_Surface houses |Stories : Integer

Figure 9.4-1. Application schema for estimation of plot ratio.

The students first digitize the housing lots and houses, and then define associations between housing
lots and the related houses. Finally, the operation ‘getPlotRatio’ is executed (Figure 9.4-2). The
association between the housing lots and houses is shown by the blue triangles (from) and the red
triangles (to). The blue triangle appears to be put on the house, because it is automatically positioned

to the center of the housing lot.

Open a kit on Analyst page. Then + ¥ Analyst [ Fesurs_[iAssconionr]

select Association tab and select ol m s ;m
“LtoB” in Association type list. Em? “ e g e
1. Select an instance in Association Tl s s
instance ID list. S0_Pant O S0.Cuve () 90_Suace

Goometry view panel —e D EEREE | KT o

You can confirm the instance by - name rewm bpe
—~ getPloRato

clicking “show” button. \ g s
-

2. Select getPlotRatio in “execute”

»

operation list. Then click “execute

0.523140024810835¢

button. The plot ratio is shown in
Return attribute value list.

3. Obtain two other plot ratios.

4. Save the kit with plot ratios.

Figure 9.4-2. Execution of operation defined in application schema
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Second day

The main theme of the second day is the store siting. The students try the store siting of a convenience
store in the city. Students learn the functions, especially modeling, acquisition, analysis, and
representation and their relationships in GIT through this exercise. At first the students discuss the
modeling of the application schema as already introduced in the section 9.3.3. Next, they digitize

buildings and their attributes in the

estimated territory of the store as a group < sifodesignnet

work. Objects digitized by each student are

Store Siting Map
merged to one file, after the quality check Kagurazaka Planning Co. 2018 @
by another member. The position of the E\ﬁ
store is estimated by the siting operation at S C.D O
. 0 Candidate location
Analyst. Then they design the map to show S & ° S
N AR
the candidate store location after learning & QO o

0 - 5 Q dayNightPopulationRatio
of portrayal schema, symbol style QBG@ =Ny IS

100m

dictionary and label style dictionary.

Figure 9.4-3 Map to show the candidate location
Third day

In the morning of the third day, students take lectures about spatial schema and CRS at first. Those
subjects were already briefly explained during application schema modeling and object acquisition.

Therefore, the lecture is done as knowledge confirmation.

Next subject is the metadata and geo-library. Gittok does not use Data Base Management System, and
the geo-library is not located on the Web. However, students can describe metadata and retrieve a kit
using the personal geo-library. As the background of index map to show extents of kits, gittok adopts
Open Street Map provided by the Open Street Map Foundation (http://www. openstreetmap.org) and
GSI Map provided by the Geographic Information Authority of Japan (http://portal. cyberjapan.jp).
They enable gittok to retrieve a kit by a geographic extent (geographicExtent) as introduced in the

section 8.6.

Next subject is geospatial data exchange as XML documents. The students first learn the introduction
to XML, then they create XML documents by translating application schema, a kit, metadata, and so
on, by using Exchanger. Students exchange documents with others and confirm the contents and

structure of the XML documents.
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If there is time remained, the students create a gazetteer by themselves and examine the gazetteer to
find the location of a feature. Then, the students learn the listing as a mechanism to display feature
attributes by using non-geometric proxy attribute. They make the list schema and create a list, then

display a list on the screen.

Finally, the students take the posttest to evaluate the increasing of their knowledge. Those who get

more than 70 points (perfect score is 100) will be able to participate in subsequent courses.
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10. Validation of education practices
10.1. Introduction

It is nearly impossible to compare the effectivity of the education using gittok with other education
courses having the same purpose. Because, at least by the Internet research, few similar courses and
few similar applications were found. Therefore we apply the four level evaluation model (Kirkpatrick
1979), as it is a well-known learning evaluation approach. It has been used as a basic model for the
identification and targeting of training-specific interventions in business, government, the military,
and industry alike (Rouse 2011). According to this model,

i. Reaction (how learner feel about instruction),

ii. Learning (learner performance on in-class test),

iii. Behavior (learners use the acquired knowledge after the class), and

iv. Results (organizational benefit such as improvement of working efficiency)

are measured. However, the fourth level of evaluation involves in measuring organizational impact of
education, and it is beyond the scope of GITEC evaluations, because the purpose of the introductory
course is that students will gain the image of GIT as a preparation for learning the deeper knowledge.

Therefore, we validate the education effectivity by reaction, learning and behavior.

10.2. Reaction

Unsigned questionnaire has been conducted to evaluate the reaction by students at the end of the first

Evaluations by students

25
20
15
10
5
0
It is interesting, It is interesting It is interesting It is not so It is worthless
usefull and I want  and useful interesting
to study GIT
deeper

Figure 10.2-1. Result of the question “How do you evaluate GITEC?”
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and the third courses (the total number of
effective responses was 35).

63% of respondents answered that the
education is interesting, useful and they want to
learn GIT deeper. And 29% of respondents
answered that the education is interesting and
useful. (Figure 10.2-1). In addition, 54% of
respondents were impressed that the course was

easy to understand as a whole (Figure 10.2-2).

10.3. Learning

Impression as a whole

20
15
10

easy somewhat easy not easy

Figure 10.2-2. Impression of easiness as a whole

In order to investigate the understanding degree of the students, the pretest and the posttest were

conducted every time (the total number of examinees was 48). Although the questions of the pretest

and the posttest are the same, the lecturer does not give a response at the pretest. Therefore, students

have to think the answers while attending. In addition, those who do not take 70 points or more for

100 points in a posttest cannot be completed students and they lose the right of participation in the

Comperison between pretest and posttest
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20

—_
W

—_
[w]

No. of examinees

Pretest

m Posttest

0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-100
Score Classes (%)

Figure 10.3-1. Change in the score from the pretest to the posttest.
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subsequent courses. (Figure 10.3-1). As a result, the average score of the pretest was 67 points and the
standard deviation was 16 points. The average point of the posttest was 87 points, and the standard
deviation was 9 points. Since the passing score is 70 points, 24 people (50%) in the pretest stage failed,
while in the posttest, 4 people (8%) failed. According to the t-test, there was a significant gain in the
average of the posttest by comparing with the pretest (p-value = 0, the gain of average points is 20,

95% confidential interval is (16.6, ©)).

Increase in performance from pretest to posttest
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Pretest performances

Figure 10.3-2. Increase in performances from pretest to posttest

Then, we examined the correlation between the performances of the pretest and the increase in
performances of posttest (Figure 10.3-2). The correlation coefficient was -0.87. This indicates that
even if the performance is low in the pretest, it tends to achieve remarkable progress in the posttest.
Of course, the better scores that the students got in the pretest, the better they are able to hope for the
score improvement in the posttest, even though they cannot take points beyond the full score. However,
the slope of the regression line was steeper than the predicted average of performance increase when
it is assumed that the score improvements distributed uniformly. The reason seems to be that the
students cannot participate in subsequent courses unless they get more than or equal to 70 points in a

posttest. By the way, only one person could get 100 points in the posttest.
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Figure 10.3-3. Performance improvement for each knowledge area from the pretest to the posttest.

As far as the difference in the correct answer rate of the pretest and the posttest is concerned (Figure
10.3-3), the result of modeling seems to be inferior to other knowledge areas. However, in the posttest,
it is unlikely that there was a significant difference, since the deviation from the average value (0.89)
to the result (0.83) was less than 2c (1.36). Therefore, we may conclude that the levels of obtained

knowledge did not have much difference among knowledge areas.

10.4. Behavior Inter 1
Dec. 2016

Behavior of the students can be evaluated from Inter 2

10
. . . S Jan. 2018
three viewpoints. The first viewpoint is the -
number of students in the intermediate course
held as the subsequent course of GITEC. 21 0
GITEC1  GITEC?2 GITEC 3 Apr. 2018
persons (first time: 14, second time 7) in 38 Jan. 2016 Aug. 2016 May. 2017
L . Persons who do not
completed graduates (55%) participated in the respond
I Respondents

intermediate level courses held after GITEC B Participants

introductory course as shown in Figure 10.4-1. Figure 10.4-1. Respondents of follow-up

This fact indicates that more than 50% of  questionnaire and schedule of education events.
Inter means the intermediate level 2 days’ course

completed graduates felt that this education is )
as a subsequent course of the introductory course

meaningful, even after four months to eleven

months since participation in the introductory course.
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The second viewpoint is the response rate of the unsigned follow-up questionnaire to the completed
graduates held in April 2018 (Figure 10.4-2). The total response rate was 66%. Although the rate of

response might be lower as the longer days gone by since the respondent participated in GITEC, the

actual rate of response were as follows.

i. 1st(2016-01, 27 months ago): Response rate 44%
ii. 2nd (2016-08, 20 months ago): Response rate 100%
iii. 3rd (2017-05, 11 months ago): Response rate 74%

Actual response rate from the first graduates was 44%. However, it should be appreciated that this

ratio was achieved, despite that the first GITEC was held two years and three months before.

The third viewpoint is whether the knowledge gained by
the introductory course is useful or not for their
activities. As a whole, 16 persons (64%) in 25 students
responded that the knowledge gained in the introductory
course are useful, 8 persons (32%) responded somewhat
useful. 1 person (4%) responded not so useful. And there
was no person responded that the knowledge is useless
(Figure 10.4-2). It means that 96% of the respondents
answered positively about the usefulness. In other
words, 63% (total response rate: 0.66 x positive
response rate: 0.96) of the whole completed graduates

made a positive evaluation.

In addition, it seems that the evaluation of effectivity is
variable over time. However, there is no significant
relationship between the time progression and the
evaluation of the usefulness, at least by the responses of

follow-up questionnaire (Figure 10.4-3).

At least from the results of evaluations reported in this

chapter, we can conclude that introductory course of

18
10 —
0
useful somewhat notso useless
useful useful

Figure 10.4-2. Usefulness of knowledge
obtained by introductory course

100%

. j | I
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. Useful

Not so useful

Somewhat useful

Useless

Figure 10.4-3 Relationship between
time progression and evaluation of
usefulness

GITEC has reached the sufficient level for the introduction to GIT.
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11. Application to Urban Engineering
11.1. Introduction

GIT is a technology for modeling phenomena occurring in the real world, analyzing models,
visualizing analysis results, and leading better decision making. The GI system has been used to solve
various problems caused by phenomena appearing in urban areas since the beginning of its history.
For example, Howard Fisher, the founder of Harvard University’s Laboratory for Computer Graphics
and Spatial Analysis was originally an architect and he involved in city planning activities (Fisher

1983).

Meanwhile, in 2008, OGC released CityGML that is an open data model and XML-based format for
the storage and exchange of virtual 3D city models. City information model in compliance with
CityGML has used in many cities in the world for the construction of 3D city model dataset. Also in
Japan, there have been some experiments applying CityGML (Otoi et al. 2014) . On the other hand,
since CityGML is not created based on Japanese laws, it is not sufficient for the construction of a
system that supports day-to-day urban planning tasks in local public entities. Therefore, we need to

model our own application schema for urban planning GIS.

In this chapter, we will try to propose an application schema for the confirmation of frontage
requirements, and an application schema to find a buildable extent restricted by the slant line
regulation. In this thesis, ‘frontage’ means a boundary between building site and adjacent open space
such as road, path, park and river. These examples indicate that we can expect application schema
following GI standards may contribute for urban engineering. However, since these examples may

involve bylaw that is published by each local public entity, we do not step into individual cases.

In the meantime, natural disasters in Japan such as typhoons, earthquakes, tsunamis and volcanic
explosions occur more frequently than before. In addition, the problems with urban areas are becoming
even more complicated in order to maintain a living environment and to keep harmonious coexistence
with the natural environment, because the Japanese population is decreasing except for some large
cities. Therefore, neighboring local public entities with similar troubles should collaborate toward the
overcome against these issues. And, sufficient information sharing should be taken among related

organizations.
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To achieve these purposes, we should consider standardization of the basic architecture of the business
support information system possessed by related local authorities, and we should realize
transformability of information between systems managed by them. In 2005, the Ministry of Land,
Infrastructure and Transport published the guidance for introducing Urban Planning GIS (UP-GIS)
and urged local public entities to refer the common specifications of geospatial data including the
results of urban planning basic survey (http://www.mlit.go.jp/crd/tosiko/GISguidance/index.html, in
Japanese, accessed 2018-08-14). This guidance has been referred by the local public entities since it
was published. However, the recent requirements such as the open data policy, the big data utilization
promoted by the government, and to reflect related regulations revised after the publication are not
reflected in this guidance. And although this guidance refers to GI standards, the application schema
described in UML is not included. Therefore, it is meaningful to show an example that the modeling

method in GIT can contribute for the revision of this guidance.

At the next section in this chapter, we will discuss the possibility of the modeling in urban engineering.
Then an application schema for evaluating frontage requirements and an application schema for slant
line regulation will be introduced. Finally we will discuss requirements on application schema that

should be included in the guidance for UP-GIS.
11.2. Possibility of the modeling for urban engineering

According to the ISO 19100 family of standards, any phenomena in the real world should be described
as an application schema by applying GFM. As already discussed in above chapters, features and their
relationships can be schematized in application schema whether features are physical or virtual. And
we can describe the spatial analyses as the operations of features and associations in application

schema. Therefore, a model for urban planning should also be able to express as an application schema.

As a matter of fact, there has been developed the city models by applying CityGML
(https://www.citygml.org/3dcities/ accessed 2018/07/02) that was described in accordance with GML
(ISO/TC 211 2007¢c) (JISC 2007) (Ishimaru 2014). On the other hand, there are few examples of
models for urban planning in accordance with the Japanese laws. In fact, it is difficult to apply the
international specifications such as CityGML, because they do not care the Japanese rules. Moreover,
the specification for the application system should be considered separately, as GML is the rules for

geospatial data interchange.
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In that case, for example in Japan, how can we describe urban planning facilities in the city model?
From the view point of GIT, urban planning should be a set of operations to realize the new urban
facilities in the existing city by analyzing the city model constructed in accordance with the application
schema provided by the local public entities. Urban planning facilities in the city model will be urban
facilities when they are realized. Most of lands and urban facilities can be considered as they relate
each other. For example, a road has horizontal adjacent relationships between city blocks, buildings,
parks and so on. A road also has vertical relationships between transportation facilities, underground
facilities and geological structures. The stereoscopic urban planning regulation encourages the urban
planning system to construct the relationships between roads and the three-dimensional mosaic of
regulation districts. Moreover, we need to consider the ecological factors such as air pollution, powder
dust, sound noise, solar irradiation, and temperature and humidity distributions. Meanwhile, when the
autonomous mobility society is realized, the relevance between road and the automobile, the electric
wheelchair, the robot, the small unmanned aerial vehicle, the sensor network, and the charging stand,
for safe and efficient transportation will be also required. In the case to consider the roadscape, we
need the information about connecting roads and features around the road. They will be not only
features located near the road, but also features far from the road such as distant visible mountains.
Moreover, to study the historical and cultural characteristics of the urban area, we should describe the
relationships between the present features and the historical features already disappeared. These
relationships can be represented as a network structure of features in the application schemata. And
the user can see the local hierarchical structure by choosing the root feature type. In other words, by
describing a network of which nodes are feature types, and which links are feature relationships, it
becomes easier to grasp structures centered on individual feature types. However, significant human
resource is required to construct the comprehensive city model in accordance with the relevant laws
such as City Planning Act and Building Standards Act. Therefore, first of all, it is necessary to confirm

such a modeling attempt is technically possible or not.

In this chapter, we will try to introduce an application schema to confirm the frontage requirements,
and an application schema to find the buildable surface restricted by the slant line regulation. The first
schema should specify all requirements for the frontage. The second schema should fulfill all
requirements and propose the outline of algorithm to get stereoscopic surface as the restriction limit
of building. Then, we will propose the requirements that should be considered when revising the

guidance for UP-GIS published in 2005. Because, after publishing of this guidance, the method of
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basic surveys concerning city planning has changed in order to consider the urban sustainability under

the situation of population decreasing in Japan.
11.3. Application schema for evaluating frontage requirements
11.3.1. Frontage requirements

A building site shall abut a road or an open space in accordance with Building Standards Act (BSA).
The requirements for frontage can be sorted as shown in Table 11.3-1. This table was made by the

author based on the related acts and regulations.

Table 11.3-1. Frontage requirements sorted by classes of site and abutting space

Building sites Abutting road and other open spaces Requirements
Site inside of city planning area or | Road defined by BSA 42 1
quasi-city planning area Open space defined by BSAER 10(2.2.1) 2
BSA 43(1) Open space defined by BSAER 10(2.2.2) 3
Open space defined by BSAER 10(2.2.3) 4
Site outside of city planning area or 5
quasi-city planning area
BSA 68(9)
BSA: Building Standards Act BSAER: BSA Enforcement Regulation

11.3.2. Procedures for evaluation

According to Table 11.3-1, procedures for evaluation of frontage are described as follows.

Requirement 1 (R1)

Relationship between the building site inside of city planning area or quasi-city planning area and

the adjacent road which is defined in BSA 42.

1) Conditions

a. Road is not a road exclusively used for automobile traffic.

b. Road comes under the criteria established by Cabinet Order as having no access of automobiles
to the roadside (referred to as “specified elevated roads, etc.” in BSA 44(1.3)).

c. Road lies within areas of District Plan (limited to the areas within those of District Improvement
Plan which are designated as areas to be used jointly for buildings and other structures under the
provisions of the City Planning Act (CPA) 12(11)).

d. Width of a road is 4m or more, which does not lie within the district given by granted permission

with the consent of the Building Review Council held in the Designated Administrative Agency.
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e. Width of a road is 6 m or more, which lies within the district given by granted permission with
the consent of the Building Review Council held in the Designated Administrative Agency.

f. Width of frontage is 2 m or more.

g. Relationship between site and road is in accordance with the ordinance specified by the local
public entity for the restrictions on a site of special buildings, buildings having three or more
stories, buildings having habitable rooms with no openings such as windows as specified by
Cabinet Order, buildings whose total floor area (or the aggregate of total floor areas if there are
two or more buildings on the same site) exceeds 1,000 m?.

h. Large open space is deemed as an alternative object of a road, if the two criteria are fulfilled. 1) It
lies around the site which conforms to criteria specified by Ministry of Land, Infrastructure,
Transport and Tourism Order. 2) The Designated Administrative Agency has granted permission
based on the consent of the Building Review Council from the viewpoint of traffic, safety, fire

protection, or sanitation.

2) Evaluation

If the logical expression below described by propositions above is true, the requirement 1 will be
fulfilled.

(@AbAcAWdVe)ANDAg V (R2VR3VR4) A h)

R2, R3, and R4 are specified in BSAER as the first criterion of 1) in h. It means that R2, R3, and R4
are sub-requirements of R1. Therefore, this evaluation expression can be seen as an algorithm of
frontage evaluation, where the building site is located inside of city planning area or quasi-city

planning area.

Requirement 2 (R2)

Relationship between the site inside of city planning area or quasi-city planning area and the open
space defined by BSAER 10 (2.2.1).

1) Conditions

a.  There is a park, a green belt, a public square or other large open space surrounding such a site. In

this context, the large open space is designated in the Urban Parks Act.

2) Evaluation

If the condition is true, the requirement 2 will be fulfilled.
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Requirement 3 (R3)

Relationship between the site inside of city planning area or quasi-city planning area and the open

space defined by BSAER 10 (2.2.2).

1) Conditions

a. Asite is in contact for a distance of not less than 2 m with a farm road or other road that is provided
for similar common use (limited to those with a width of 4 m or more). Commonly used roads
are designated in the Forest Act, the Land Improvement Act, the Ports and Harbors Act, and
publicly used path (‘ridou’ in Japanese) without the application of laws and regulations nor without

registration of private rights.

2) Evaluation

If the condition is true, the requirement 3 will be fulfilled.

Requirement 4 (R4)

Relationship between the site inside of city planning area or quasi-city planning area and the open

space defined by BSAER 10 (2.2.3).

1) Conditions

a. A passageway located inside of the site that is wide enough to achieve the goals of evacuation and
safe passage and which leads to a road, in accordance with the use, size, location, and construction

method of the building.

2) Evaluation

If the condition is true, the requirement 4 will be fulfilled.

Requirement 5 (R5)

Relationship between the site inside of city planning area or quasi-city planning area and the open

space defined by BSAER 68 (9).

1) Conditions

a. A site and a building follow the restriction which a local public entity provides to conduct proper
and reasonable land use that takes account of the land use of the area concerned.

b. A site and a building follow the restriction, if there is an ordinance which is not be stricter than

restrictions under the provisions of BSA 43 to BSA 45.
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2) Evaluation
If the site is located outside of city planning area and quasi-city planning area and the logical

expression (a \/ b) is true, the requirement 5 will be fulfilled.
11.3.3. Application schema for evaluating frontage requirements

In order to realize the evaluation of frontage requirements, it is necessary to describe the association
between road and building site with the feature type definitions for road and building site. Figure 11.3-
1 shows the application schema for evaluating the frontage requirements. Requirements 1 through 5
are representations for feature associations. Feature Type ‘Road’ is defined by BSA 42. Ten types of
road are specified in BSA 42. According to BSA 42, a road specified in the Road Act is a subtype of

aroad described in BSA 42, if it is located inside of the city planning area or quasi-city planning area.
The evaluation of frontage requirements will be implemented in the operation ‘frontageEvaluation’

defined in the feature type ‘BuildingSite’. We should examine this application schema as it is a

tentative proposal.
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BSAER 10(2.2.1)

Requirement 2 LargeOpenSpace Urban parks act::UrbanPark

0,1

BSAER 10(2.2.2)
Requirement 3 CommonlyUsedRoad Land imrovement act::FarmRoad

0,1
BSA 43(1) BuildingSite Forest act::ForestRoad
Requirement 1 siteArea : Real
Road

frontageWidth : Real

width : Real [~ 0,1 stories : Integer
VAN usage : CharacterString Ports and harbers act::Road
0,1 /validity : Bool
frontageEvaluation(out validity : Bool)
BSA 68(9) BSAER 10(2.2.3) Designated public properties::Road
Requirement 5 Requirement 4 Passageway
0,1
BSA 42(1.1) BSA 42(1.2) BSA 42(1.3) BSA 42(1.4) | BSA 42(1.5)
Road act::Road DevelopmentRoad ExistingRoad PlanningRoad DesignatedRoad
rationale : RationaleActs rationale : RationaleActs
BSA 42(2) ‘ BSA 42(3) ’ BSA 42(4) BSA 42(5) ‘ BSA 42(6)
Paragraph2Road Paragraph3Road Paragraph4Road Paragraph5Road Paragraph6Road
<<enumeration> >

RationaleActs

Road act

City planning act

Land readjustment act

Act concerning residential land development project

Urban renewal act

Act for development of the bases of new cities

Special measures act for facilitating supply of housing and residential land in major metropolitan areas
Act for development of densely urban areas, chapter 6

Figure 11.3-1. Application schema for evaluation of frontage requirements.

11.4. Application schema for slant line regulation
11.4.1. Slant line regulation

Height of each part of building is restricted by a slant line generated by the opposite side boundary
line of a front road in accordance with BSA 56 (1.1). This restriction is called a slant line regulation
in this thesis. A slant line is also determined by the opposite side boundary line of an open space if
there is an open space additionally at the opposite side of a front road. Opposite side boundary may
change if a front road is a planning road, if road width is wider than 12m, if a road is setbacked inside

of the site, and if elevation difference happens between a road and a site. Each slant plane (formed by

164



boundary interval, slant line gradient angle, and applied distance from the building to the boundary)

is generated for each zoning, if the building site is separated by more than one zone.

A buildable surface can be generated as a smallest surface by composition of surface segments
adjoining each other. Surface segments can be obtained by dividing more than one two-faced polygons
(most of them may be a quadrangle) restricting the building shape, which are provided by boundary

lines for slant line regulation and a boundary prism of a building site.

11.4.2. Buildable surface composition

Procedure of a building surface composition should be executed in accordance with BSA shown below.

i.  Obtain plot ratio (floor area ratio) of a building site by following BSA 52.

ii. Separate the building site to site compartments, if there are more than one zoning in the site.

iii. Assign a front road segment for each compartment, and measure the road width and obtain the
centerline of the segment.

iv. Obtain an opposite side boundary interval for slant line regulation by using information shown
below.

- Inaccordance with BSA Enforcement Order (BSAEO) 134, the open space is selected to get an
opposite side boundary interval, if there is an open space in front of the site.

- In accordance with BSA 56 (2), select the applied distance, if the building will be setbacked.

- In accordance with BSAEO 132, opposite side boundary is separated by front roads, if there
are more than one front road.

- In accordance with BSAEO 131 (2.2), it is deemed that there is no part of the site in the road,
if it is the city planning road. The opposite side boundary is same as the opposite side boundary
of the city planning road.

v. Inaccordance with BSAEO 135 (2), raise the elevation difference between the front road and the
site to the opposite side boundary,

vi. Execute the operation to get parameters for slant line regulation (slant line gradient angle, applied
distance). This operation is implemented in accordance with “Restrictions on height of each part
of a building in connection with front roads” described as BSA Annexed Table 3.

vii. Execute the composition of buildable surface by the operation for slant line regulation (See

surfaceComposition() in the feature type ‘BuildingSite’ in Figure 11.4-1).
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BoundaryForRegulation Road

boundarylinterval : SG_Curve roadSegment : SG_Surface
/slantLineGradient : Real 0..* /centerLine : SG_Curve
/appliedDistance : Real width : Real
setbackDistance : Real oppositeSideBoundaries

getCenterLine(out centerLine : SG_Curve)

elevationDifference : Real

getRegulationParameters(out slantLineGradient,out appliedDistance) 1..* |frontRoad
0..* | boundaryintervals
BuildingSite
o1 OppositeSideSpace 1 plotRatio : Real
’ - siteExtent : SG_Surface
OpenSpace slte /buildableSurface : SG_Complex
extent : SG_Surface surfaceComposition(buildableSurface : SG_Complex)
spaceType : SpaceTypeCode
<<enumeration>> <<enumeration>> useExtents 0..*
SpaceTypeCode UseDistrictCode
SiteSegment
Park Category 1 low-rise exclusive residential district
Water course Category 2 low-rise exclusive residential district exten_t: $G_Surfa§e .
Ground Category 1 medium-to-high-rise exclusive residential district useDistrict : UseDistrictCode
Other Category 2 medium-to-high-rise exclusive residential district high-riseResidentialAttractionDistrict : Bool

Category 1 residential district
Category 2 residential district
Quasi-residential district
Neighborhood commercial district
Commercial district
Quasi-industrial district

Industrial district

Exclusive industrial district
undesignated district

Figure 11.4-1 Application schema for slant line regulation

11.4.3. Application schema for slant line regulation

Figure 11.4-1 illustrates the application schema to get buildable surface in accordance with the slant
line regulation as a result of the consideration discussed above. The building site (BuildingSite)
adjoins front roads, and they define opposite side boundaries. The operation 'surfaceComposition'
constructs buildable surface by applying boundary intervals which are opposite side boundaries
created by front roads. If there is an open space at the opposite side of front road, it will be used to
define the boundary for regulation. If the building site is separated by more than one use districts, we
redefine the building site as a set of site segments. Buildable surface provided by each site segment
will finally be combined as one buildable surface for the building site. We should examine this

application schema as it is a tentative proposal.
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11.5. Requirements on application schema for Urban Planning GIS (UP-GIS)
11.5.1. Introduction

Ministry of Land, Infrastructure, Transport and Tourism (MLIT) published the Guidance for UP-GIS
to promote high level usage and dissemination of UP-GIS at local public entities in 2005. This
guidance provides the specification proposal of data describing urban planning areas based on urban

planning base map and basic surveys concerning city planning.

According to the surveys on UP-GIS at local public entities practiced by the Building Research
Institute in 2005 and 2015, 21.3% of prefectural governments were introducing UP-GIS in 2005, and
it became 42.6% in 2015 (Sakata 2017). Meanwhile, the maintenance rate of geospatial data in
municipalities has been increased steadily. For example, the increasing rate was 66.1% from 2005 to
2015 at municipalities in Shiga prefecture, 51.7% in Okayama prefecture, and 51.2% in Kagawa
prefecture. Therefore, the dissemination rate of UP-GIS has been increasing since 2005. However, still
it is less than 50%. The Building Research Institute pointed out the reasons such as lack of professional
knowledge, cost-effectiveness, and frequency of usage. Meanwhile, in recent years, many types of
efforts have been made to eliminate the obstacles, for example, 1) promotion of open data policy, 2)
increase in available data, 3) reduction of data acquisition cost, 4) Improvements of research on urban
planning, 5) the developing of own application by the officials in municipalities, and 6) appearance of

NPOs and volunteers.

Nevertheless, in 2013, the urban planning basic investigation guidance was revised to aim for intensive
urban structuring, low carbon city development, central urban area revitalization, and safe and secure
city planning and so on. This guidance accentuates that it is effective not only to decide and review
individual urban planning but also to utilize objective data provided by the basic survey concerning
city planning and its analysis and evaluation results in order to secure the appropriateness of the whole
urban planning. In addition, this guidance states that UP-GIS should contribute to efficiency
improvement and sophistication of administrative affairs through collaboration between urban
planning and other fields. Therefore, a new model for UP-GIS is required under collaboration with
various information systems already introduced by local public entities based on social demands and

technology development.
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11.5.2. Requirements on application schema for UP-GIS

We should consider three issues to improve the current guidance, which are described below.

i. The guidance partly follows the GI standards as tables of data definitions but not UML class
diagrams. Current method is difficult to define data types with inheritance relationships clearly,
and it is difficult to describe feature associations.

ii. The guidance includes few tabular information such as spreadsheets given by the basic survey. The
reason seems to be that the tabular information is not a physical feature. However, it can be
described as a virtual feature. Therefore, we should combine tabular information as a virtual feature
in the application schema.

iii. More examples to show how to use existing data more effectively should be introduced. Frontage
requirements evaluation and slant line regulation could be considered as examples. Furthermore,

by adding virtual features in the application schema for UP-GIS, the scope of UP-GIS will be wider.

11.5.3. Example of application schema including virtual feature

Figure 11.5-1 describes a part of application schema for UP-GIS. The purpose of this diagram is
mainly to propose association between city planning area and the result of survey on the population in
administrative area. ‘Population’ is not a physical feature but it can be understood as a virtual feature
associating with viewable features such as administrative district. City planning area is comprised of
urban area, urbanizationControl area and non-delineated area. They inherit properties of Zone as an
abstract type. Objects of administrative district are transferred from common use spatial dataset, which
is a database used in the integrated GIS for municipality administration. By developing UP-GIS based
on the application schema with examining the entire item of the basic survey, the latest rule can be
reflected in UP-GIS. And data exchange between local public bodies adjacent to city planning areas
will become easier, as consistency between geospatial objects is guaranteed by using the same

specification described in the guidance.
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Zone CommonUseSpatialData::AdministrativeDistrict

municipalityCode : CharacterString extent : SG_Surface

extent [1..*] : SG_Surface municipalityCode : CharacterString
cityPlanningStipulator : CharacterString 0,1
notificationDate : Date
notificationNo : Integer OutSideOfCityPlanningArea
/area : Real

extent : SG_Surface

getArea(out area : Real)
JAN 0.1
CityPlanningArea

totalPopulation outSidePopulation

name : CharacterString

<<virtual>>
0,1 popCityPlanningArea AdministrativeAreaPopulation

UrbanArea municipalityCode : CharacterString

urbanArea : PopulationSummary

popUrbanArea |urbanizationControlArea : PopulationSummary
non-deliniatedUseDistrict : PopulationSummary
non-deliniatedBlankUseArea : PopulationSummary
outsideOfCityPlanningArea : PopulationSummary

0,1

UrbanizationControlArea

popUrbanizationControlArea

aggregateTotal(out total : Integer)

0,1 populationinCityPlanningArea(out population : Integer)
non-deliniatedArea popNonDeliniatedUseDistrict| popNonDeliniatedBlankUseArea
<<virtual>>
\LO,I PopulationSummary
non-deliniatedUseDistrict male [0..*] : Integer

female [0..*] : Integer

0,1

maleTotal(out total : Integer)
femaleTotal(out total : Integer)
aggregateTotal(out total : Integer)

non-deliniatedBlankUseArea

Figure 11.5-1. Example of application schema including city planning area and population in
administrative district. Stereotype <<virtual>> means a virtual feature.
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12. Conclusions and future works
12.1. Conclusions

In this thesis, the conceptual knowledge structure on GIT that is called ‘the concept map of GIT’ was
proposed. It was modeled in accordance with 1) the four-level metamodel hierarchy, 2) the deep
structure and the surface structure for cartographic data, 3) the management structure for geospatial
objects with metadata, and 4) GI standards provided by ISO/TC 211. The family of GI standards is
used as a basis to keep the consistency between elements in the concept map. The paradigm of GIT is
expanded by the adoption of an object-oriented technology. Moreover, it was modeled under the
harmonization between different knowledge areas (modeling, acquisition, management, analysis,
exchange and representation). Therefore, consistent application development and data acquisition can

be expected to realize.

This thesis also proposed the unique GFM and GPM by referring to GI standards. Gittok GFM can be
thought as an extension of the geometry-centric layer-based model by introducing the concepts of
physical feature type and virtual feature type. Application schema in compliance with gittok GFM
may include physical feature types only, virtual feature types only, or a mixture of both. And virtual
feature type fills the gap between the deep structure and the surface structure. Therefore, virtual feature
type enables the possibility of application schema wider. Nevertheless, gittok GFM can be seen as a
profile of ISO GFM simplified so as to be able to learn the concept of GFM in a short period. In
addition, gittok GPM as an extended metamodel for GI representation provides the possibility to
represent not only maps such as general-purpose map, choropleth map and interactive map, but also
gazetteers and interactive lists. List can be seen as a map to represent one-dimensional nominal space

as it is used to show virtual features.

Learning assistance tools for ‘learning about GIT’ such as gittok are quite few, despite that the society
needs engineers who have capability to develop GI applications by GIT based on GI standards. The
author took charge of the semester course aiming to introduce GI standards at The University of Tokyo
for three years since 2008. It was before the development of gittok. However, this experience became
motivation to develop the learning assistance tool. And the author conducted the experimental course
using gittok at Chuo University for two years since 2014. Then, the author has been conducting the

three-day introductory course using gittok that is called GITEC for engineers in the GIS related
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industry since 2016. These experiences are good opportunities for developing and improving gittok.

We adopted the four level evaluation model (Kirkpatrick 1979) as a validation method of GITEC,
because it is a well-known learning evaluation approach especially for educations in business,
government, military, and industry alike (Rouse 2011). According to this model, 1) reaction [how
learners feel about instruction], 2) learning [learner performance gains on in-class test or not], 3)
behavior [learners use the acquired knowledge after the class or not], and 4) results [organizational
benefit such as improvement of working performance] are measured. However, the purpose of GIT
education is to introduce basic knowledge and encourage students to learn GIT deeper. Therefore, we
did not evaluate ‘results’, as it is out of scope for this education. As a result of the anonymous
questionnaire immediately after the course, 63% of the students responded “GITEC is interesting,
acquired knowledge is useful, and I want to learn GIT deeper”. And 29% of respondents answered
“GITEC is interesting and useful” [Reaction]. Next, according to compare the tests conducted before
and after the course, a significant gain of knowledge was confirmed by using the t-test (20 points
increase in average value, 16.6 points or more for 95% confidence interval ) [Learning]. In addition,
we conducted the follow-up bearer questionnaires in April 2018 for all students who completed the
course since January 2016. The collection rate was 66%, and the respondents answered that the
acquired knowledge is useful (64%) or somewhat useful (32%) [Behavior]. According to these results

of validation surveys, we may conclude that introductory course using gittok has certain effectivity.

Finally, we proposed three tentative application schemata to introduce that GIT may contribute for
urban engineering. Today, as management of urban facilities becomes complicated more, it means that
the improvement of urban management systems will be required in near future. In particular, modeling
technology is expected to be useful to describe facilities and phenomena in the urban area, and to
attack the social problems. We proposed application schema for confirming frontage requirements,
and application schema for finding a buildable extent restricted by the slant line regulation. These
trials demonstrate the expressiveness of application schema for urban engineering. Then, we proposed
the requirements that should be considered when improving the guidance for Urban Planning GIS

(UP-GIS). This proposal will be useful for sharing information among different local authorities.

12.2. Future works

Gittok is still under development. In this section, we describe the future issues concerning the concept
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map of GIT, the development of gittok, the validation of educational efforts, and applications to urban

engineering fields.

12.2.1. Issues concerning concept map of GIT

Atpresent, in gittok GFM, spatial attribute included in a feature is limited to two dimensions. Although
this is a result of considering the limit of introductory education, three - dimensional spatial attributes
should be incorporated in order to enable more advanced education in future. In addition, there is a
need to define feature types that maintain temporal attributes to describe dynamic phenomena. Next,
we should consider the discussion of DBMS. It is the out of scope in the current concept map of GIT,
because most of DBMSs used in GISs are Relational DBMS with the extension to use geometric
attribute types defined in the simple feature model. While, gittok GFM is constructed by applying the
object-oriented technology that can describe not only physical feature type, but also virtual feature
type, feature inheritance and feature association. Furthermore, there are many types of DBMSs such
as NoSQL are rapidly progressing today. Therefore, we should carefully think of how to teach DBMS

for GIT, despite that the discussion on DBMS should be included in the advanced education.

Meanwhile, we should improve the geo-library in gittok that can maintain more diverse types of
metadata such as metadata for schemata, for cartographic products, for lists, and for other geo-library
services. Studies should be made to enable seamless information retrieval by metadata conforming to

the general metadata model.

Although we can obtain many datasets from the open data services today, we should be careful to use
geospatial objects without quality evaluation results. In this thesis, the evaluation of positional
accuracy regarding map registration was introduced as an example to show what data quality is.

However, we should have a mechanism to measure and evaluate various types of data quality in future.

12.2.2. Issues concerning development of gittok

Currently data interchange between gittok and other applications is limited, because gittok adopts
object-oriented model that follows GFM for exchange objects. Meanwhile, gittok enables to output
SVG files and GeoJSON files for mapping of physical features. It would be possible to provide the

capability to convert and embed commonly used legacy data in gittok in future.
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Gittok is not made for processing of large amounts of data as it is not for real projects. However in the

advanced education, implementation of the data structure for high speed data retrieval will be required.

12.2.3. Issues concerning educational efforts

It is nearly impossible to compare the effectivity of the education using gittok with other education
courses having the same purpose. Because, at least by the Internet research, few similar courses and
few similar applications were found. This was the reason to apply the four level evaluation model.
However we did not evaluate the ‘results’ such as improvement of working performance, as the level
of education using gittok is the introductory level. On the other hand, the scope of education to which
gittok can be applied has already exceeded the period of semester. The course design should be
rearranged by, for example, separating the content which is suitable for the introductory course from
that which would be better suited to an advanced course. In addition, a comprehensive curriculum
covering from introductory level to advanced level on GIT should be developed in future. If engineers
can learn GIT by using such a curriculum in the department of Geo-ICT, it will be able to evaluate the
profit given to the organization to which they belongs. In addition, the possibility of offering a massive
open online course (MOOC) and a better means for realizing active learning should be investigated

given changes in social demand.

12.2.4. Issues concerning applications to urban engineering fields

Three examples of application schemata shown in this thesis are related to day-to-day administrative
practice and collaboration among local authorities. In Japan, to respond to changes in the social
environment accompanying the declining population and to establish a society of high resiliency to
respond to natural disasters are urgent issues. To attack such problems, GIT will be an effective means.
The collaboration of experts in related fields and engineers having a skill of GIT will be required to

create the vision, the proposal and the system to solve those problems.
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