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1.   Introduction

New products and services that integrate geospatial 
information and positioning technologies with infor-
mation and communication technologies have been 
progressively emerging in recent years. Progress in 
this area is so rapid that some people are predicting 
that by 2020, automatically operated cars will be run-
ning on highways, and automatically operated con-
struction machines will be working at construction 
sites. 

Such products and services are expected to have a 
significant impact on our daily lives and to help build 
a more convenient, safe, and secure social environ-
ment. For example, even when people are in a strange 
place, they will not need to feel nervous because a 
click on their smartphone will enable it to guide the 
user through a complex underground mall or station 
in a manner that is appropriate considering the state 
of congestion in that location. The smartphone may 
even be able to automatically call a taxi. By sending 

information about the precise position to cars cruis-
ing automatically in the vicinity, users may be able to 
protect themselves against the risk of traffic acci-
dents.

Such a society is called a high-accuracy positioning 
society. To achieve it, the Ministry of Land, Infra-
structure, Transport and Tourism launched the High-
Accuracy Positioning Society Project. This project 
promotes studies and feasibility tests on the spatial 
information platform for creating services that utilize 
indoor/outdoor positioning technology and map 
information, and on the required means and organiza-
tions for constructing the platform efficiently and 
effectively. It is expected that private companies will 
accelerate the creation of a diverse range of services 
by using this platform.

Various services are expected to be launched that 
will benefit society. The one we are focusing on is a 
seamless navigation service intended for guiding the 
user from his/her current location to the desired des-
tination seamlessly and reliably, whether the route 
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lies indoors or outdoors. We explain in this article our 
activities focused on developing map platform tech-
nology that will support the seamless navigation ser-
vice.

2.   Development of technologies for innovating 
seamless navigation

Two key technologies are necessary to achieve 
seamless navigation. One is map platform technolo-
gy, which makes it possible to search for and display 
information (map information) about the surround-
ings. This includes graphic information such as topo-
graphic maps and the shapes of buildings, as well as 
information associated with them such as the names 
and attributes of buildings and facilities. The other is 
high-accuracy positioning technology, which pin-
points the user’s current location with a high degree 
of accuracy.

We are undertaking research and development 
(R&D) in the area of map platform technology, where 
we can draw on the elemental technologies that we 
have developed over time such as information search 
and text analysis and on our know-how regarding 
operation of a large-scale database. Three relevant 
R&D results are introduced below.

2.1   Parametric Map Platform Technology
Services that utilize electronic maps are already in 

widespread use. Many such services are regularly 

used on portal sites or through smartphone applica-
tions. As a rule, such conventional map services gen-
erate an image from map information that the service 
provider maintains and deliver it to the user’s termi-
nal where it is displayed. The upsides of this type of 
service are that data can be provided in a uniform 
manner for any service and that the processing load 
on terminals is low. The downsides are that it is dif-
ficult to vary the manner of map display for different 
services, and there are restrictions on adding service-
specific information to a map.

To solve these problems, we have developed Para-
metric Map Platform Technology, which is a new 
platform technology for delivering and displaying 
maps. This makes it possible to create a different map 
for each different service and even for each user, or to 
create a new map by adding new information to an 
existing map. This technology delivers map data not 
in the form of a graph but in the form of data. It is the 
user terminal that creates a map from the delivered 
data. This makes it possible to flexibly create a map 
that is suitable for a particular service or for the par-
ticular situation of the user.

Map information delivered by the service provider 
can be kept intact, and new information can be added 
to suit the user’s situation or need. For example, it 
will become possible to emphasize a landmark that is 
useful for navigation, such as a turning point on the 
route to a destination, by displaying it in 3D (three 
dimensions) (Fig. 1).

Recommended route
You are here

Destination

Map data are sent as a set of map objects
(data of map elements) in a uniform manner.
    Data are delivered as shared
data independent of usage purposes.

Meeting Room 7

Restaurant

Service/application-specific data (e.g., present location,
destination, recommended routes) are incorporated into
image/diagram drawing.
    Flexibly draws images suited to the user.

Map data are sent as a set of map objects
(data of map elements) in a uniform manner.
    Data are delivered as shared
data independent of usage purposes.

Fig. 1.   Features of Parametric Map Platform Technology.
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2.2   �Navigation-oriented Local Area Information 
Integration and Analysis Technology

A large volume of text data transmitted daily via 
social media (blogs, social networking services, etc.) 
includes many items of information related to certain 
areas such as buildings/stores, stations, and streets. 
Few of these text messages indicate the exact location 
(e.g., address) of the object concerned. Therefore, it 
has been difficult to associate an object with a point 
on a map, except in cases where GPS (Global Posi-
tioning System) information is provided, as is the 
case in some media.

To solve this problem, we have developed Naviga-
tion-oriented Local Area Information Integration and 
Analysis Technology (Fig. 2), which analyzes loca-
tion-related information (e.g., partial place names, 
station names, or store names) contained in transmit-
ted text data in order to find the exact location and the 
subject matter of the text message.

For example, this technology can extract from 
social media sources fresh word-of-mouth informa-
tion about an area, a building/store, a station, or a 
street on a map, and deliver it to the user using Para-

metric Map Platform Technology in order to suggest 
a route that might be interesting to the user at that 
time.

2.3   �Seamless Navigation Information Manage-
ment Platform Technology

To build a high-accuracy positioning environment 
and use it for services, it is necessary to develop a 
spatial information infrastructure. In particular, it is 
necessary to strengthen map information itself 
because it is essential that map information about all 
places (not only outdoor areas but also inside com-
mercial buildings, underground malls, stations, etc.) 
within the range of our daily lives is available and 
ready for use.

However, the reality is that whereas there is an 
extensive volume of public and uniform digital infor-
mation available on outdoor spaces that was created 
by the Geospatial Information Authority of Japan, 
indoor spatial information such as indoor floor maps 
has been created and used individually by different 
building owners. The data formats (Table 1) and the 
degree of precision of such data are so varied that it is 
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Fig. 2.   Navigation-oriented Local Area Information Integration and Analysis Technology.
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virtually impossible to integrate them into cohesive 
indoor spatial data.

As a solution, we are developing Seamless Naviga-
tion Information Management Platform Technology. 
This will enable us to collaborate with building/facil-
ity owners that have such map data in order to main-
tain and expand the map data. The assumption is that 
graphic data such as topographic maps and buildings 
and attribute information such as building/store 
names and facility information will be provided by 
different owners at different intervals. The technolo-
gy will offer capabilities for data conversion, data 
search/editing, and conditional data output (areas 
defined by longitudes and latitudes, building stories, 
attributes, etc.) in order to make it possible to input 
spatial data into a common coordinates base and to 
manage/edit and output data.

We also assume that map data created in this man-
ner will be able to be processed using the Parametric 
Map Platform Technology in order to generate data 
that can be used for navigation. Since indoor floor 
plan data and attribute information will be added to 
the map data, the volume of data will be substantially 
larger than that included in a conventional map. We 
are studying ways to reduce the volume of communi-
cation and increase the processing speed by using a 
large volume of data for areas near the recommended 
route but a small volume of data for other areas.

3.   Technical verification

It is important in R&D to create technology and 
improve it, but it is just as important to actually try it 
out and get feedback on its performance. In particu-
lar, navigation-related technology is not confined to 

terminals, applications, and users; it is only useful 
when it works in real places and environments.

We evaluated the technologies that we developed 
by taking part in a feasibility test conducted as part of 
the High-Accuracy Positioning Society Project. We 
selected this test because it allowed us to try out our 
technologies and the concept of seamless navigation 
(Fig. 3) and to use various high-accuracy positioning 
technologies that were already available on the mar-
ket [1].

We used the Parametric Map Platform Technology 
to create a 2.5D map (flat plane + multiple floor lev-
els) (Fig. 4) from the indoor map data provided. The 
2.5D map represented both indoor and outdoor 
entrances and the floors of buildings both below and 
above ground level. We developed and tested an 
application that provided navigational information to 
the user based on passive triggers detected from the 
user’s natural movements such as the manner of 
walking and the manner of holding a terminal, rather 
than from active clicks on menu buttons [2].

We confirmed that our technologies generally 
worked well in generating indoor/outdoor seamless 
maps and in providing navigation with a sufficient 
degree of tracking and response in the given indoor/
outdoor positioning environment. In addition, we 
confirmed that the 2.5D map was an intuitive and 
easy-to-understand map representation. It was par-
ticularly useful for presenting a route to the back of a 
building or a route involving going up or down to dif-
ferent floors in a building. We also identified a num-
ber of issues that need to be addressed. They include 
interruption of navigation at locations where posi-
tioning data fluctuated widely—such as narrow 
streets between buildings and indoor/outdoor 

Table 1.   Representative map data formats.

ID Category Format Description 

1 2D Shape file (SHP) Industry standard for handling map data in the vector format proposed by Esri 

2 2D SCADEC data eXchange Format (SXF) 
Intermediate file format developed under the leadership of the Ministry of Land, 
Infrastructure, Transport and Tourism. It is used to exchange data between 
different computer-aided design (CAD) programs.  

3 2D/3D Drawing Exchange Format (DXF) De facto standard used to exchange CAD drawings 

4 3D Filmbox (FBX) Format designed to allow seamless exchange of 3D data between different 
applications 

5 3D Industry Foundation Classes (IFC) Standard data exchange format for BIM (building information model) 

6 3D CityGML 

GML: Geography Markup Language
SCADEC: standard for CAD data exchange in Japanese construction field
XML: Extensible Markup Language

XML-based file format defined by OGC (Open Geospatial Consortium). It is 
used to represent a 3D urban model. 



5 NTT Technical Review

Feature Articles

entrances—and the difficulty in representing the 
heights of buildings and the layout of indoor facilities 
(e.g., determining which of several facilities is locat-
ed in the front or in the back). We will study these 

issues as part of our ongoing technological develop-
ment.
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Fig. 3.   Concept of innovation in seamless navigation.

Map data source: High-Accuracy Positioning Society Project,
Ministry of Land, Infrastructure, Transport and Tourism

Actual place 2.5D map representation

Fig. 4.   Example of 2.5D map representation.
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4.   Future prospects

Services such as seamless navigation services 
intended for individuals in a high-accuracy position-
ing society cannot be realized solely through the 
technologies that we are developing. For example, we 
alone cannot develop high-accuracy positioning. 
These services cannot be realized without collabora-
tive efforts by various players in both the public and 
private sectors such as by establishing a scheme and 
organization for maintaining and updating extensive 
map data. As a part of such collaboration, we plan to 

improve the technologies introduced here and create 
new technologies that will serve as a platform for 
producing new applications and services.

References

[1]	 Press release issued by the Ministry of Land, Infrastructure, Transport 
and Tourism on January 28, 2016 (in Japanese).

	 http://www.mlit.go.jp/report/press/kokudoseisaku01_hh_000091.
html

[2]	 NTT, “Natural Navigation Service with a Seamless Map,” NTT R&D 
Forum 2016 panel exhibition, F-4, 2016.

	 https://labevent.ecl.ntt.co.jp/forum2016/elements/pdf_eng/01/F-4_e.
pdf

http://www.mlit.go.jp/report/press/kokudoseisaku01_hh_000091.html
https://labevent.ecl.ntt.co.jp/forum2016/elements/pdf_eng/01/F-4_e.pdf


7 NTT Technical Review

Feature Articles

Hirofumi Abe
Senior Research Engineer, Proactive Naviga-

tion Project, NTT Service Evolution Laborato-
ries.

He received a B.E. and M.E. in instrumentation 
engineering from Keio University, Kanagawa, in 
1994 and 1996. He joined NTT in 1996. His cur-
rent research interests include positioning and 
geographic information systems (GIS).

Hitoshi Seshimo
Senior Research Engineer, Supervisor, Proac-

tive Navigation Project, NTT Service Evolution 
Laboratories.

He received a B.E. and M.E. in mechanical 
Engineering from Waseda University, Tokyo, in 
1995 and 1997. He joined NTT in 1997. His 
research interests include computer aided 
instruction, web-based learning, content distribu-
tion and navigation systems, and GIS.

Shunsuke Konagai
Senior Research Engineer, Proactive Naviga-

tion Project, NTT Service Evolution Laborato-
ries.

He received a B.E. in computer science from 
the University of Electro-Communications, 
Tokyo, in 1991. He joined NTT in 1991. His cur-
rent research interests include GIS and the Inter-
net of Things (IoT).

Akihisa Kawanobe
Senior Research Engineer, Supervisor, Proac-

tive Navigation Project, NTT Service Evolution 
Laboratories.

Shigeru Chiba
Senior Research Engineer, Proactive Naviga-

tion Project, NTT Service Evolution Laborato-
ries.

He received a B.E. in management information 
science from Hokkaido Information University 
in 1996. He joined NTT in 1996. His current 
research interests include GIS and IoT.

Yoshimasa Koike
Senior Research Engineer, Supervisor, Proac-

tive Navigation Project, NTT Service Evolution 
Laboratories. 

He received an M.E. in material chemistry 
from Tohoku University, Miyagi, in 1989. He 
joined NTT Information Processing Laboratory 
in 1989 and studied pattern recognition and com-
puter aided instruction. During 1999–2005 he 
worked at NTT Resonant, where he developed a 
web-based learning system. He also worked at 
NTT Advanced Technology, where he built a 
support system for a virtual private server ser-
vice. He is currently studying GIS.

Makoto Muto
Research Engineer, Proactive Navigation Proj-

ect, NTT Service Evolution Laboratories.
He joined NTT in 2001 and engaged in 

research on information retrieval. He is currently 
developing a geospatial map engine featuring 
indoor, dynamic, and seamless navigation.

Satoshi Fukada
Senior Manager, Transport and Mobility Busi-

ness Producer, Strategic Business Creation 
Team, NTT Research and Development Planning 
Department.

Mitsutoshi Nagahama
Researcher, Proactive Navigation Project, NTT 

Service Evolution Laboratories.
He received a B.E. and M.E. in information 

engineering from Yokohama National University, 
Kanagawa, in 2001 and 2003. He joined NTT in 
2003. He is currently developing a geospatial 
map engine featuring indoor, dynamic, and 
seamless navigation.


