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1.   Introduction

NTT performs systematic inspections of all facili-
ties, and most of these inspections are done visually. 
The inspectors observe the infrastructure facilities 
(for example, concrete utility poles and manholes) 
that support telecommunications services to see 
whether any deterioration (such as degradation of 
performance over time due to corrosion of steel and 
neutralization of concrete) or deformation (cracking, 
warping, distortion, peeling, rust run-off, and other 
abnormalities that can be seen on the surface) has 
occurred and to determine the degree and scale of the 
deterioration. The necessary repair, reinforcement, or 
renovation is then performed. Also, the large amount 
of data obtained in the inspections is stored in a data-
base and used as evaluation criteria and as a basis for 
optimizing and adjusting evaluation methods and 
operations in the maintenance and management of 
infrastructure facilities. Through such efforts, we 

ensure the safety and reliability of the many NTT 
facilities throughout the country and support stable 
provision of telecommunication services.

Nevertheless, there are problems that must be over-
come by introducing new technology for the inspec-
tion and diagnosis of infrastructure facilities. These 
problems include the following:

•	� The aging of NTT infrastructure facilities results 
in the need for more frequent inspections and 
inspection of more items, which increases 
inspection costs.

•	� As the baby boom generation retires, the number 
of proficient technicians with experience and 
expertise in conducting inspections is declining, 
so the quality of inspection work done by succes-
sor technicians must be maintained and 
improved. 

•	� The state of degradation must be determined in 
order to facilitate renovation and extension of 
service life of the underground tunnels that 
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house a large quantity of telecommunication 
cables and extend for several dozen kilometers, 
and the manholes for accessing facilities buried 
beneath roads.

•	� There is a strong social need to preserve the 
safety of the aging social infrastructure, as well 
as the structures managed by local and national 
governments (bridges, tunnels, roads, manholes, 
and other ancillary road structures) and the 
facilities that depend on them (such as the con-
duits supported by bridges). The consequent 
trend toward obligatory periodic inspections 
results in a significant amount of inspection 
work and a high inspection cost.

The NTT Access Network Service Systems Labo-
ratories took these problems into account and focused 
on the three aspects of cost, quality, and added value 
in creating new inspection technology. For cost, we 
targeted inspection methods that involve less work, 
fewer procedures, and fewer people. For quality, we 
aimed to develop inspection methods that could be 
done accurately and uniformly by anyone, anywhere, 
and at any time, without requiring the skill level of an 
experienced technician. For added value, our objec-
tives were ease of handling, higher work safety, and 
visualization techniques for locations where naked-
eye inspections are difficult.

The research being done at the NTT Access Net-
work Service Systems Laboratories on infrastructure 
facilities inspection and diagnosis technology is mov-
ing forward, with short-to-mid-term work and long-
term work being done in parallel.

Our short-term to mid-term work puts priority on 
maintaining safety with respect to inspection of infra-
structure facilities (concrete poles, manhole covers, 
and facilities attached to bridges) in which there is 
potential for damage or harm to third parties. Specifi-
cally, we aim to develop inspection and diagnosis 
technology that eliminates sites where inspection is 
difficult or impossible and that reduces the number of 
sites where high levels of labor, cost, and technical 
skills are required. Our mid-term to long-term work 
is aimed at developing innovative inspection and 
diagnosis technology that achieves a radical change 
in the maintenance and management of infrastructure 
facilities through collaboration with other NTT labo-
ratories developing image processing technology and 
sensor technology to enable screening inspection and 
continuous monitoring using still and moving images.

This article describes the direction of the most 
recent research on infrastructure facility inspection 
and diagnosis for concrete poles and manhole covers 

underway at the NTT Access Network Service Sys-
tems Laboratories.

2.  Concrete pole inspection and  
diagnosis technology

NTT EAST and NTT WEST together have about 
eight million concrete poles throughout Japan, which 
are inspected periodically to maintain them in a safe 
condition. In the inspections, the surface is examined 
for cracks by eyesight or with a binocular micro-
scope. Ultrasound sensors are used for non-destruc-
tive inspection of parts that are underground or that 
are hidden by sheets attached to the poles to prevent 
the posting of advertisements, and magnetic sensors 
are used to check the utility pole for internal degrada-
tion. An accurate understanding of cracking or inter-
nal degradation, however, requires inspectors that 
have expert knowledge, skill, and proficiency. 
Recently, the number of proficient technicians avail-
able for inspecting concrete poles that are in service 
has been decreasing, making it difficult to maintain 
both the quantity and quality of inspections. To 
address this problem, the NTT Access Network Ser-
vice Systems Laboratories has been researching three 
inspection and diagnosis technologies for utility 
poles. These technologies enable inspections that are 
even more accurate and efficient than current inspec-
tions regardless of the skill and proficiency of the 
inspector.

2.1   �Crack inspection technology based on image 
analysis

This technology can automatically detect the cracks 
that arise on the surface of concrete poles from pho-
tographic images obtained with commercially avail-
able digital cameras (Fig. 1). However, remotely 
acquired photographs of concrete poles often include 
cables, foot pegs, and other objects attached to the 
poles, as well as the area in the background, so the 
outline edges of those objects may be mistakenly 
detected as cracks in the image processing. Humans 
use information such as hue and the feel of a material 
to recognize cracks on the surface of a concrete pole, 
so we have implemented a function for automatically 
removing attached objects and the background from 
the image by implementing this discrimination task 
using image processing technology. By doing so, we 
were able to reduce errors in detection and to accu-
rately detect cracks. This technology can be used to 
conduct accurate inspections, regardless of worker 
skill and experience, and it makes it easy to check for 
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the presence of cracks and their location, including 
on the upper parts of concrete poles, which previ-
ously required extensive labor for visual inspection. 
There is also a function for automatically organizing 
and managing the large number of acquired images 
for each utility pole, which greatly reduces the 
amount of paperwork.

2.2   �Technology for detecting cracks beneath pro-
tective sheets

Currently, the detection of cracks hidden behind 
posting prevention sheets and other obstacles is done 
with detection equipment that uses ultrasound. How-
ever, some expertise is required to read the propa-
gated waveforms with this technique, so the inspec-
tors must have the appropriate skills. To solve this 
problem, we developed the world’s first equipment 
for conducting inspections for cracks beneath posting 

prevention sheets with imaging technology that uses 
millimeter waves* in the 76.5-GHz band, at which the 
sheeting is transparent (Fig. 2).

In this technique, the surface of a utility pole is 
illuminated with millimeter waves. Places on the sur-
face where there are no cracks reflect the waves back 
with a certain strength, but places where there are 
cracks disperse the reflected waves in all directions, 
so the strength of the waves reflected back toward the 
source (backscattering) is detected as a small signal. 
Because the posting prevention sheets are transparent 
to millimeter waves, and the waves are reflected by 
the concrete surface, we are able to implement the 
see-through imaging of cracks. The crack inspection 

Fig. 1.   Detection of cracks by image analysis.
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Fig. 2.   Detection of cracks beneath protective sheet by millimeter-wave see-through imaging.
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*	 Millimeter wave: An electromagnetic frequency band extending 
from 30 GHz to 300 GHz. The short wavelengths make this band 
intermediate between light and radio waves.
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system we constructed creates a see-through image 
from the signals detected from the concrete surface, 
and software included in the system automatically 
identifies cracks from the image. It is thus possible to 
check for cracks visually without relying on inspector 
skill or proficiency.

2.3   Soundness diagnosis technology
Currently, when cracks are discovered in a concrete 

pole, magnetic sensors are used to perform a detailed 
examination to determine the condition of the rebar 
inside the pole. That method, however, requires a 
special work vehicle to access the upper part of the 
pole so that the pole can be scanned, and the measure-
ment requires time and labor. We therefore developed 
a soundness diagnosis technique that enables an 
inspector on the ground to diagnose soundness by 
simply striking the side of the utility pole with a ham-
mer (Fig. 3). The inspector taps the utility pole 
around the circumference with the hammer, and the 
resulting vibrations are measured. If the utility pole is 
sound, the measurements will be uniform around the 
circumference. If there is a defect or other problem, 
the rigidity will not be uniform, and the frequencies 
of vibrations measured from striking the pole at cer-
tain places around the pole will vary. The soundness 
of a pole can therefore be determined by variations in 
the natural frequency in response to tapping around 
the pole circumference.

The three technologies described above are already 
being used for some of the concrete poles managed 
by NTT, and we plan to proceed with their commer-
cial introduction in order to maintain and manage 
facility safety.

3.   Technology for measuring level differences in 
manhole covers

NTT maintains about 680,000 manholes through-
out Japan, and the manhole covers are inspected 
periodically to see if there is a difference in level 
between the manhole cover and the seat it fits into. If 
there is an excess level difference between the man-
hole cover and the frame, it could result in an uncom-
fortable and noisy ride for vehicles driving over the 
manhole cover. The current method of measuring the 
level difference involves the inspector setting up 
safety barriers on the road and then using a vernier 
caliper or other tool to take the measurement while 
continuing to check for safe conditions (Fig. 4). This 
method is problematic in that it is necessary to apply 
for a permit before conducting the on-site inspection, 
safety barriers must be set up to ensure the safety of 
the inspector, and local traffic is affected for the dura-
tion of the inspection. To address these problems, the 
NTT Access Network Service Systems Laboratories 
developed image-based level difference measure-
ment technology with the objective of achieving a 
safe and efficient method for inspecting manhole cov-
ers.

That technology involves using a commercially 
available single-lens reflex camera to acquire images 
of manhole covers. From the images, areas where 
level differences exist are identified, and the level dif-
ferences are measured. An advantage of this method 
is that the inspection can be done from a distance. The 
inspector photographs the manhole cover from the 
sidewalk or another safe location with a digital cam-
era, and the acquired image data are transferred to a 

Fig. 3.   Diagnosis of soundness by vibration analysis.
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computer and stored (Fig. 5). Level-difference mea-
surement software is then used to automatically 
detect the areas in which there is a difference in level 
between the manhole cover and the frame in which 
the cover sits. The detected areas and the maximum 
differences in level are displayed on the screen. 
Actual images contain curbs, road marking lines, 
gravel, grass, and other irrelevant objects, but those 
objects can be appropriately eliminated by a new 
function that uses texture and color information, thus 
reducing detection errors. This technology makes it 
possible to measure level differences in manhole cov-
ers by simply taking a photograph from a safe loca-
tion. We plan to begin implementing this technology 
in manhole inspection work performed by NTT in 

2014.

4.   Future development

We plan to investigate expansion of the use of auto-
matic inspection technology that grew from the 
development of utility pole inspection and diagnosis 
technology to manholes, tunnels, and other concrete 
structures. Our objective is to apply this technology 
broadly so that inspection work can be done safely 
and without worry, and inspection costs can be 
reduced for all NTT infrastructure facilities. For the 
inspection of manhole covers, we are also planning to 
conduct research on automatic inspection technology 
that applies the image processing technology  

Fig. 4.   Current method used to measure level differences.

Fig. 5.   Measurement of level difference from image acquired by digital single-lens reflex camera.
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produced within the NTT laboratories to measure the 
state of surface wear—another important mainte-
nance item—from images. Establishing technology 
for simultaneous inspection of level differences and 
wear of steel manhole covers from photographs is 

expected to greatly reduce the work required for man-
hole cover inspection and to make such inspections 
easier. We also plan to investigate automated inspec-
tion technology for facilities that are attached to 
bridges.

Kazuyoshi Kawabata
Group Leader, Concrete Structure Group, Civil 

Engineering Project, NTT Access Network Ser-
vice Systems Laboratories.

He received the B.E. and M.E. in civil engi-
neering from Tokyo Institute of Technology in 
1988 and 1990, respectively. Since joining NTT 
in 1990, he has been engaged in R&D of com-
munications-infrastructure facilities. He is a 
member of the Japan Society of Civil Engineers 
(JSCE) and the Japan Concrete Institute (JCI).

Masato Kikuchi
Senior Research Engineer, Civil Engineering 

Project, NTT Access Network Service Systems 
Laboratories.

He received the B.E. in civil engineering from 
Meisei University, Tokyo, in 1986. He joined 
NTT the same year. He has been engaged in 
R&D of communications-infrastructure facili-
ties.

Shoji Mochizuki
Senior Research Engineer, NTT Device Tech-

nology Laboratories. 
He received the B.E., M.E., and Ph.D. in elec-

trical and electronic engineering from Chuo 
University, Tokyo, in 2001, 2003, and 2005, 
respectively. He joined NTT Microsystem Inte-
gration Laboratories in 2005. From 2005 to 2011, 
he was engaged in the R&D of millimeter-wave 
and microwave imaging. From 2012 to 2013, he 
was active in developing a portable handy scan-
ner based on near-field millimeter-wave tech-
niques for crack inspection of concrete poles. His 
current research involves nondestructive testing 
and diagnosis technology for concrete structures. 
He moved from NTT Access Network Service 
Systems Laboratories to his current position in 
July 2014. He is a member of the Institute of 
Electrical and Electronics Engineers (IEEE) and 
the Institute of Electronics, Information and 
Communication Engineers (IEICE) of Japan. He 
received the 2004 International Union of Radio 
Science (URSI) Commission B Young Scientist 
Award.

Ryo Yamakado
Senior Research Engineer, Civil Engineering 

Project, NTT Access Network Service Systems 
Laboratories.

He received the B.E. in mechanical engineer-
ing from Keio University, Tokyo, in 1992. He 
joined NTT the same year. He has been engaged 
in R&D of communications-infrastructure facili-
ties.

Hiroyuki Takahashi
Senior Research Engineer, Civil Engineering 

Project, NTT Access Network Service Systems 
Laboratories.

He received the B.S. and M.S. in applied phys-
ics from Nagoya University, Aichi, in 2001 and 
2003, respectively. He received the Dr.Eng. in 
electrical and electronics engineering from 
Osaka University in 2014. He joined NTT in 
2003. His current research involves inspection 
and diagnosis systems for civil infrastructure 
facilities. He is a member of the IEEE Micro-
wave Theory and Techniques Society (MTT-S) 
and IEICE, Japan. He received the 2008 Young 
Engineers Prize presented by EuMIC, the 2010 
APMC prize, the 2012 IEEE MTT-S Japan 
Young Engineer Award, and the 2012 APMC 
prize.

Suguru Kaneko
Engineer, Civil Engineering Project, NTT 

Access Network Service Systems Laboratories.
He received the B.E. in quantum and electronic 

engineering from University of Tsukuba, Ibaraki, 
in 2002 and the M.E. in physical electronics from 
Tokyo Institute of Technology in 2003. He joined 
NTT EAST in 2003 and moved to NTT Access 
Network Service Systems Laboratories in 2008. 
He is currently researching maintenance technol-
ogy for civil infrastructure facilities.

Daisuke Uchibori
Engineer, Civil Engineering Project, NTT 

Access Network Service Systems Laboratories.
He received the B.E. and M.E. in civil engi-

neering from Hokkaido University in 2009 and 
2011, respectively. He joined the Civil Engineer-
ing Project, NTT Access Network Service Sys-
tems Laboratories, in 2011. His current research 
involves inspection and diagnosis technologies 
for concrete structures. He is a member of 
JSCE.


