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Abstract

To solve problems surrounding social-infrastructure projects, such as a declining workforce, prolif-
eration of aging facilities, increasing maintenance and renewal costs, and frequent disasters, and to cre-
ate a “smart world,” NTT Access Network Service Systems Laboratories is engaged in research and
development centered on three pillars: (i) digital transformation of maintenance and operations, (ii)
construction of safe and secure social-infrastructure facilities, and (iii) use of assets such as facilities and
operations. In this article, the technologies related to these three pillars are introduced.
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1. Initiatives of the Civil Engineering Project

2. Technologies for creating a smart world

As well as facing a declining workforce, a rapid
increase in aging facilities, and rising maintenance
and renewal costs, the social-infrastructure industry
must accommodate growing disaster risks due to cli-
mate change and seismic motion. To operate social-
infrastructure facilities under these circumstances, it
is urgent to address the following key issues: mainte-
nance and operation that requires less manpower,
renewal that optimizes the life-cycle cost (LCC),
disaster prevention and mitigation, and reduction in
environmental impact. The Civil Engineering Project
of NTT Access Network Service Systems Laborato-
ries will contribute to the creation of a “smart world”
through their research and development (R&D) on
the basis of three pillars: (i) digital transformation
(DX) of maintenance and operations, (ii) construc-
tion of safe and secure social-infrastructure facilities,
and (iii) use of assets such as facilities and operations
(Fig. 1). In this article, the technologies that the Civil
Engineering Project is developing—while aiming to
create a smart world—are introduced.
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2.1 DX of maintenance and operations

NTT uses a mobile mapping system (MMS) and
drones to photograph outdoor communication facili-
ties and uses the acquired images to check facility
conditions and diagnose facility deterioration. We at
the Civil Engineering Project have been researching
and developing inspection and diagnosis technology
for communication infrastructure and facilities using
image recognition. Specifically, we have developed
technologies using image-feature analysis and deep
learning to automatically detect deterioration of man-
hole covers (i.e., surface wear and the gap between a
manhole cover and the surrounding road) and rust on
communication conduits attached to bridges.
Although these technologies are used for diagnosing
the condition of NTT’s facilities, the image-recogni-
tion technology must be further improved.

We are currently researching and developing
image-recognition technology that will contribute to
the collaborative inspection of social infrastructure
along roadsides. The goal with this technology is to
(1) identify pixel areas of roadside structures, such as
guardrails, and pole-mounted facilities, such as
cables and metal fixtures, from multiple images of
such roadside infrastructure facilities taken using

21



Feature Articles

Creation of a smart world

Social contribution
by creating innovation

Creating a safe
and secure society

Construction of safe

Effective use of
social capital

Use of assets such

DX of maintenance
and operations

and secure social-
infrastructure facilities

as facilities
and operations

Fig. 1. Three initiatives of the Civil Engineering Project.
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Fig. 2. Results of infrastructure-facility recognition and rust detection.

MMS with image-recognition artificial intelligence
(Al) and (ii) detect the pixel areas containing rust
formed on the facilities (Fig. 2). To achieve this goal,
the image-recognition Al incorporates multiple func-
tions (Fig. 3). One function is facility-recognition Al,
which can identify roadside infrastructure facilities
with high accuracy by sufficiently learning the types
of facilities that appear in various forms and composi-
tions. Another function is rust-detection Al, which
uses ensemble learning” [1] to detect minute amounts
of rust in pixel areas on a pole-mounted facility and
rust in pixel areas in dark areas of images taken under
backlit conditions. Facility-recognition efficiency
with this technology will be approximately 94% and
rust-detection efficiency will be approximately 98%,
which are sufficiently high for practical use.
Implementation of the above image-recognition
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technology for collaborative inspections of roadside
social infrastructure is expected to promote the cen-
tralization of on-site inspection work (which has
conventionally been conducted by separate infra-
structure operators) and improve the accuracy of
facility diagnosis using Al. We now aim to improve
the efficiency of the maintenance and management of
social infrastructure by centrally managing facility
information acquired during such inspections on a
common platform.

* Ensemble learning: A method of generating a single training

model by fusing multiple models (“learners”).
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Fig. 3. Features of image-recognition Al.

2.2 Construction of safe and secure social-infra-
structure facilities
2.2.1 Technology for extending service life of
structures

NTT maintains facilities in a variety of environ-
ments throughout Japan. We aim to establish technol-
ogy for operating facilities to the load-bearing-capac-
ity limit while ensuring safety by maintaining quality
and optimizing operational resources, that is, main-
taining the safety and reliability of a vast amount of
facilities without using a large amount of manpower.
Current inspections of infrastructure facilities and
equipment are conducted at regular intervals while
the inspection cycle is being optimized. To further
improve the efficiency of inspection operation, we
plan to establish a deterioration-prediction technolo-
gy that can predict the future condition of facilities on
the basis of deterioration phenomena and individual
environments. This prediction is based on elucidating
three factors: the materials that make up the facility,
mechanism of deterioration in each installation envi-
ronment, and rate of deterioration. The optimal
inspection period for each facility will be determined
using this deterioration-prediction technology; in
other words, it will become possible to eliminate the
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need for periodic inspections.

In the current infrastructure-facility repair process,
when deterioration is confirmed during inspection,
whether to repair is determined in accordance with
the state of deterioration, any deterioration deter-
mined to be in need of repair is then repaired appro-
priately. To further reduce repair costs, it is necessary
to shift from the current partial repair of deterioration
to reinforcement based on an evaluation of the load-
bearing capacity of the deteriorated structure. We
plan to establish a structural-analysis technology for
determining the future load-bearing-capacity limit of
a structure by reflecting the future deterioration state
of each facility through structural analysis and evalu-
ating its load-bearing capacity. This structural-analy-
sis technology will clarify the optimal reinforcement
timing for the structure, enabling the facility to oper-
ate safely for a long period while optimizing the LCC
(Fig. 4).

2.2.2 Damage prediction for infrastructure facili-
ties due to seismic motion
During the 2011 Great East Japan Earthquake in the
Tohoku region of Japan and other major earthquakes,
communication facilities were severely damaged by
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Fig. 4. Optimizing LCC.

seismic motion and tsunamis. The Japanese govern-
ment has announced assumptions concerning large-
scale damage by possible earthquakes, such as a
massive earthquake along the Nankai Trough or an
earthquake directly under the Tokyo metropolitan
area, and these assumptions will further increase the
demand for the safety of facilities against earthquake
damage.

Communication-infrastructure facilities, such as
service tunnels, manholes, and conduits, have been
made highly resistant to earthquakes, including the
Great East Japan Earthquake, thanks to the addition
of seismic countermeasures (such as flexible joints)
in the facilities. We have been researching and devel-
oping technologies that enable old-specification con-
duits to be seismically reinforced, without having to
excavate roads and remove the cables, by using the
new pipe-insertion type conduit system.

We are currently researching and developing tech-
nology for predicting damage to individual conduits
in the event of an earthquake. These predictions will
enable us to identify conduits that require seismic
reinforcement among the vast number of conduits
that we maintain. We created a database for compar-
ing a large number of parameters (such as facility
information, topography and ground information,
and seismic-motion information) regarding the dam-
age caused by past large-scale earthquakes, identified
the effective parameters for estimating damage
through machine learning and variable-contribution
analysis, and built an easy-to-use prediction model.
The prediction model enables us to identify the loca-
tions of damage to individual conduits, which will
enable us to take proactive measures such as planned
countermeasures, prompt emergency inspections,
and emergency repairs (Fig. 5).

Through the above efforts, we confirmed that a
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prediction model that is machine-learned using infor-
mation on facilities and the surrounding environment
is an effective tool for predicting disaster damage.
Although the content of the database used for
machine learning will vary depending on the type of
disaster, we believe that the technological approach
(i.e., the developed prediction model based on
machine learning) can be applied to various types of
disaster prediction, and we will attempt to construct
disaster-prediction models for disasters involving
severe wind and flooding. We also believe that the
model and technology can be extended to businesses
operating “lifeline” facilities such as electricity, gas,
and water and sewage systems.

2.3 Use of assets such as communication facilities
and operations

Since the start of optical-communication services
to general households in 2001, such services have
rapidly spread, and current access networks are shift-
ing from metal cables to optical-fiber cables. Com-
pared with metal cables, optical-fiber ones are lighter
and thinner, so they can be accommodated more
efficiently, thus increase the space available in com-
munication-infrastructure facilities. One example of
effectively using this space is transportation of hydro-
gen via communication conduits, and we are verify-
ing technologies related to this application.

As a carbon-free energy that contributes to reduc-
ing energy-supply and procurement risks, hydrogen
can be produced by electrolysis of water or reforming
of biomass by using renewable energy. It is thus
attracting attention as one of the next-generation
energies for building a decarbonized society. Tanker
trucks are currently the main means of transporting
hydrogen; however, the challenge is to lower the cost
of transportation and reduce emissions of carbon

24



Feature Articles

Predicting facility damage

Prediction model

Topography

Average elevation
Average tilt angle
Liquefaction, etc.

Seismic motion

Peak ground
* Velocity
* Acceleration

Pipe type

Span length
Elapsed years

Damage record

Post-disaster
inspection data

|
Conduit A:

Danger
’|

Conduit B:

4B

(Viachinejlearming|

Caution

Conduit C:
Safe

J

Fig. 5. Technology for predicting facility damage due to seismic motion.
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Fig. 6. Transportation of hydrogen via communication facilities.

dioxide. One way to face this challenge is to use pipe-
lines that use existing infrastructure.

Transporting hydrogen by pipeline requires airtight
transportation because the gas needs to be pumped
under high pressure. Therefore, we are considering a
pipe-in-pipe system in which an airtight pipeline for
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hydrogen transportation is accommodated in the
existing communication conduit (Fig. 6). This system
requires a flexible structure that enables the hydro-
gen-transportation pipeline to be laid within existing
communication conduits and manholes. We are also
evaluating safety in terms of hydrogen leakage and its
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impact on communication facilities as well as study-
ing countermeasure technologies against such leak-
age.

3. Concluding remarks

The Civil Engineering Project is committed to
developing technologies—including the initiatives
described in this report—to create new social value
by leveraging our assets: operational expertise, com-
munication facilities, and communication technolo-
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gy. We will further promote the above R&D activities
and contribute to solving issues faced by society as a
whole by sharing our technology and expertise with
facility-management companies facing similar chal-
lenges.
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