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1.   Issues concerning underground facility 
management and the Smart Infra Platform

1.1    Issues concerning management of under-
ground facilities 

Currently, underground facilities are managed with 
plan and cross-sectional views, and those views are 
stored in the form of drawings created during facility 
design. Most of such information is generated by 
converting computer-aided design (CAD) drawings 
to image data, which do not contain geospatial infor-
mation indicating the burial location. A road-ledger 
map is generally used as a background map showing 
the location of facilities. However, it is difficult to 
accurately identify the location of facilities due to 
changes to, for example, the current road layout from 
that when the facilities were designed. During con-
struction work, it is therefore necessary to bring the 

drawings to the construction site, where the mainte-
nance personnel of the infrastructure company can 
compare the drawings with the site to determine the 
location at which the underground facility is buried. 
To identify the location of underground facilities in 
this manner, it is necessary to use the experience and 
expertise of skilled people to estimate the burial loca-
tion on a facility-by-facility basis. To respond to the 
shortage of experienced maintenance personnel and 
further improve operational efficiency, it is necessary 
to improve the conventional means of managing 
underground facilities through digital transformation 
(DX). As a first step in this DX, it is necessary to 
manage the location of underground facilities in the 
real world with high accuracy.
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By enabling the management of underground facilities with high-precision three-dimensional (3D) 

location information, the Smart Infra Platform was developed by NTT Infrastructure Network Corpora-
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tion. However, most underground facilities are managed with drawings created during the design of the 
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the real world with high precision then identify the location of the underground facilities and give accu-
rate 3D location coordinates.
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1.2    Underground facilities on the Smart Infra 
Platform

The Smart Infra Platform manages the locations of 
underground facilities with computer-computable 
three-dimensional (3D) geospatial information, 
namely, latitude, longitude, and altitude, which mark 
burial locations in the real world. It uses the 3D geo-
spatial information of underground facilities, excava-
tion areas, and depth information to determine the 
presence of underground facilities and the impact of 
the excavation on nearby facilities in that 3D space. It 
is also possible to reduce the operational burden on 
on-site maintenance personnel by converting the 
highly accurate location information on underground 
facilities into a format that can be represented in vir-
tual reality and mixed reality. Accordingly, the 3D 
geospatial information on underground facilities 
must have a strong positional correlation with the real 
world. The tolerance error between the location of 
real-world underground facilities and that of man-
aged underground facilities is expressed using the 
map-information level, an index that indicates map-
representation accuracy of numerical topographic 
map data and average total accuracy of the data inside 
the numerical topographic map. Underground facili-
ties managed using the Smart Infra Platform has a 
map-information level of 500, the error (accuracy) of 
which is within a standard deviation of the horizontal 
position of 0.25 m and standard deviation of the ele-
vation point of 0.25 m. This accuracy is similar to the 
positional accuracy of the road-ledger map, and it is 
sufficient to determine the relative position of not 
only underground communication facilities but also 
other underground facilities such as of electricity, 
gas, and water and sewage. However, current under-
ground facilities are managed via drawings without 

location information; therefore, a site must be sur-
veyed to incorporate highly accurate location infor-
mation having a map-information level of 500. This 
survey is prohibitively costly as well as being unreal-
istic because the site has to be excavated. To solve this 
problem, NTT Infrastructure Network Corporation 
(NTT InfraNet) is developing a location standard and 
high-precision 3D geospatial information to ensure 
drawings of underground facilities have high posi-
tional accuracy with a map-information level of 500.

1.3    High-precision underground facility manage-
ment using high-precision 3D geospatial 
information

High-precision 3D geospatial information consists 
of high-precision location and altitude data of man-
holes in roads, road boundaries, and entrances and 
exits to underground facilities in the real world 
(Fig. 1). The reason that high-precision 3D geospatial 
information consists of such pieces of information is 
because they are easy to measure using aerial photo-
graphs and a mobile mapping system (MMS) because 
they are exposed on the ground surface in the real 
world, and these locations cannot be easily changed 
(i.e., they stay at the same location for a long time). 
By creating high-precision 3D geospatial information 
from aerial photographs and an MMS that satisfies 
the map-information level of 500, the original posi-
tional accuracy is improved through the creation of 
high-precision 3D geospatial information with this 
map-information level. Using manholes and road 
boundaries in this high-precision 3D geospatial infor-
mation as a positional reference and by aligning the 
position of the manholes and road boundaries in the 
drawings of underground facilities, it is possible to 
incorporate highly accurate location information and 

Fig. 1.   Content of road boundaries acquired as high-precision 3D geospatial information.
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altitude into the drawings. Moreover, if underground 
facilities already have coordinates as geospatial infor-
mation, by selecting data with the appropriate shape 
and size for the type of underground facilities from 
the high-precision 3D geospatial information of man-
holes and by matching the facilities that are closest, it 
is possible to provide highly accurate position and 
altitude information on underground telecommunica-
tion facilities.

2.   Creation of high-precision 3D 
geospatial information

2.1    Means of creating high-precision 3D geospa-
tial information

To create high-precision 3D geospatial informa-
tion, it is first necessary to survey the real world with 
high precision. Unlike general surveying, it is neces-
sary to measure a wide area, so measurement can be 
roughly classified into two types. One type involves 
surveying with high-resolution and high-precision 
aerial photographs. Such photographs are suitable for 
initial data development because the data-acquisition 
cost is determined by the capturing area regardless of 
the length of the road to be measured. However, it is 
impossible to survey sections that cannot be photo-
graphed, such as under overpasses and railways. 
Therefore, it is impossible to create high-precision 
3D geospatial information for such sections. The 
other measurement type involves using an MMS for 
surveying. Since an MMS involves measuring an area 
from a roadway using laser scanners or stereo cam-
eras mounted on vehicles, it is possible to acquire 
data on areas below overpasses; however, it may not 

be possible to acquire data on sections of sidewalks 
that cannot be seen from the roadway. Moreover, the 
data-acquisition cost depends on the road length, so it 
is necessary to narrow the number of roads from 
which data are to be acquired, and an MMS is suitable 
for data acquisition for maintenance operations. In 
our latest case at NTT InfraNet, we used high-resolu-
tion, high-precision aerial photographs for the initial 
development of high-precision 3D geospatial infor-
mation on the 23 wards that make up central Tokyo.

2.2    Creation of high-precision 3D geospatial 
information using high-precision, high-reso-
lution aerial photographs

High-precision, high-resolution aerial photography 
does not allow for ortho-processing (distortion cor-
rection) based on a conventional digital elevation 
model (DEM)*1. Instead, it is used to construct a 
high-precision and high-definition digital surface 
model (DSM)*2 and carry out geometric-correction 
processing of captured image data with the DSM. An 
aerial photograph taken in this manner is called a true 
ortho (i.e., a perfect orthographic image), and unlike 
conventional aerial photographs, it is not affected by 
the distortion of high-rise buildings, so it is easier to 
obtain the location and shape of ground structures 
(Fig. 2). In such an aerial photograph, 5 cm on the 
ground is treated as one data unit, so highly accurate 

Fig. 2.   Differences in aerial photographs due to different types of photography.
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*1 DEM: A digital dataset in three coordinates representing the ele-
vation of the ground surface, excluding buildings and trees.

*2 DSM: A digital dataset in three coordinates consisting of the ele-
vation of the ground surface and that of the top surfaces of the 
natural and artificial features above it, including buildings and 
trees.
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location information and altitude can be obtained. Its 
resolution is high enough to show the detailed shape 
of above-ground structures such as an air-conditioner 
fan installed on the roof of a building (Fig. 3).

High-precision 3D geospatial information with a 
map-information level of 500 can be created by ste-
reo-drawing the shapes of road boundaries, man-
holes, and entrances and exits to underground facili-
ties by using high-precision, high-resolution aerial 
photographs (Fig. 4).

2.3    Data structure of high-precision 3D geospa-
tial information

High-precision 3D geospatial information is 
defined in Environmental Systems Research Institute, 
Inc. (ESRI)’s shapefiles, and the data structure differs 
according to data type such as road boundaries, man-
holes, and entrances and exits to underground facili-

ties. The graphic information is defined as a 3D 
graphic, and the information used for aligning under-
ground facilities is defined as attribute information. 
Road-boundary data are used to align underground 
facilities, such as gas pipes, which are located by 
offsetting the distance from the road boundary. 
Therefore, boundary-type and boundary-identifica-
tion attributes are used to select the appropriate data 
for alignment. Manholes are used to align under-
ground facilities with exposed facilities above 
ground, such as for telecommunications, electricity, 
and water and sewage services. Manhole-shape 
and -size attributes are therefore used to select the 
appropriate data for alignment (Table 1).

The management identifier and date of data creation/
update for managing high-precision 3D geospatial 
information as well as identification information for 
high-precision, high-resolution aerial photographs 

Fig. 3.   Representation of height by using a DSM.
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Fig. 4.   Representation of high-precision 3D geospatial information.
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referred to when creating high-precision 3D geospa-
tial information are defined as common attribute 
information. Such information is used for future 
maintenance of high-precision 3D geospatial infor-
mation. The advantage of choosing ESRI’s shapefiles 
is that the specifications are open. As a result, data 
can be easily exchanged with other systems and con-
verted to formats such as GeoJSON (geospatial data 
interchange format based on JavaScript Object Nota-
tion), which is widely used in open-source systems, 
and DXF (Drawing Exchange Format) and DWG 
(Drawing), which are used in architectural CAD. 

3.   Future of high-precision 3D 
geospatial information

NTT InfraNet is currently creating high-precision 
3D geospatial information of the 23 wards of central 
Tokyo, and it is scheduled to be completed by the end 
of November 2020. We then plan to expand its devel-
opment to ordinance-designated cities by the end of 
FY2021. For this expansion, we are aiming to further 
improve the efficiency of the maintenance of high-
precision 3D geospatial information. We are currently 
verifying technologies using artificial intelligence 
(AI), including the automation of manhole detection, 
automatic road determination, and automatic bound-

ary extraction from high-precision, high-resolution 
aerial photographs. AI makes it possible to not only 
reduce the cost of data creation for high-precision 3D 
geospatial information but also shorten the period for 
data maintenance, which will make the similarity of 
the data with the real world more reliable. Although 
we are currently using a data-creation method that 
uses high-precision, high-resolution aerial photo-
graphs, we are considering using another data-cre-
ation method that uses an MMS to take into account 
data maintenance.

The ultimate goal of developing high-precision 3D 
geospatial information is not only to identify the loca-
tion of underground communication facilities but also 
all underground facilities owned by electricity, gas, 
and water/sewage companies and share that informa-
tion with them. If underground facilities of all com-
panies had high-precision location and altitude based 
on high-precision 3D geospatial information, the 
location of underground facilities could be handled in 
common by all those companies. As a result, facilities 
management and maintenance carried out by indi-
vidual companies can be integrated, and that integra-
tion will lead to the implementation of smart mainte-
nance, i.e., efficiently and effectively manage facili-
ties through DX.

Table 1.   Overview of data containing high-precision 3D geospatial information.

Data type Graphic 
information Examples of attribute information

Road boundary 3DPolyline Boundary type 
• Road edge
• Sidewalk edge
• Median strip, etc.

Boundary identification
• Identifiable
• Some unidentifiable
• Linear-prediction impossible

Manhole 3DPoint Type of manhole
• Round 
• Square 

Size of manhole
• Diameter
• Length 
• Breadth

Entrance/exit to 
underground facilities

3DPoint
3DPolygon

Type of entrance/exit 
• Railway
• Subway (train)
• Commercial facility
• Passageway
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