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(57) According to one embodiment, a method is used
for diagnosing a deterioration of a utility pole (10) having
at least one bolt (11) and a plurality of holes (12) provided
for attaching the bolt (11) . In the method, an impact is
applied to the bolt (11) . Elastic waves generated due to
the impact are detected by a sensor (2) shaped like a

bolt. The sensor (2) is attached to at least one of the
holes (12). A propagation situation of the elastic waves
in the utility pole (10) is derived, based on the elastic
waves detected, and each position of the bolt (11) and
the sensor (2).
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Description

FIELD

[0001] Embodiments described herein relate generally
to a deterioration diagnosis method, a deterioration di-
agnosis system, and a sensor.

BACKGROUND

[0002] As non-destructive deterioration diagnosis
method for a prestressed concrete utility pole, an elec-
trode is connected to an edge position of a tension bar
thereof, a counter electrode is contacted on a side face
of a position to be inspected, and an amount of moisture
in the concrete is estimated from the impedance charac-
teristic. Thus, a hydrogen concentration in the steel ma-
terial is estimated as a standard for brittle fracture of the
tension bar. In this method, the electrode needs to con-
tact near the position to be inspected. Accordingly, in
order to inspect all regions of the utility pole, all surfaces
of the utility pole needs to be scanned by the electrode,
and burden for the inspection is very large.
[0003] As another method, velocity tomography meth-
od is well known. In this method, elastic waves are oc-
curred by striking a predetermined portion of the con-
crete, the elastic waves (propagated inside the concrete)
are detected by an elastic wave sensor (AE sensor), and
a distribution of elastic wave velocity (as a standard for
deterioration and damage position inside the concrete)
is estimated from a travel time of the elastic waves to the
sensor. In the velocity tomography method, an adhesion
is mainly used to attach the sensor. However, the adhe-
sion is hard to attach and remove a plurality of sensors
in a short time. Furthermore, in the case of fixing such
as binding a measurement target with a band, the pres-
sure-bonding force has dispersion, and the elastic waves
cannot be suitably detected. Furthermore, in order to an-
alyze the distribution of elastic wave velocity, an excita-
tion position and an attachment position of AE sensor
need to be correctly determined. However, the target po-
sition is not previously determined. Accordingly, the ex-
citation position and the attachment position cannot be
correctly determined.

SUMMARY

[0004] Embodiments provide a deterioration diagnosis
method, a deterioration diagnosis system and a sensor
able to prevent drop of analysis accuracy occurred due
to dispersion of a position where the sensor is attached
and a position where the impact is applied.
[0005] According to one embodiment, a method is
used for diagnosing a deterioration of a utility pole having
at least one bolt and a plurality of holes provided for at-
taching the bolt. In the method, an impact is applied to
the bolt. Elastic waves generated due to the impact are
detected by a sensor shaped like a bolt. The sensor is

attached to at least one of the holes. A propagation sit-
uation of the elastic waves in the utility pole is derived,
based on the elastic waves detected, and each position
of the bolt and the sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

Figs.1A and 1B are one example of a deterioration
diagnosis system according to the first embodiment.
Figs.2A, 2B and 2C are sectional views showing one
example of a sensor included in the deterioration di-
agnosis system according to the first embodiment.
Fig. 3 is an expansion view of a utility pole showing
one example of region-classification result by a prop-
agation velocity of elastic waves according to the
first embodiment.
Fig.4 is one example of an evaluation result by an
evaluation device included in the deterioration diag-
nosis system according to the first embodiment.
Fig.5 is a flow chart of processing of a deterioration
diagnosis method according to the first embodiment.
Fig.6 is one example of a sensor included in the de-
terioration diagnosis system according to the second
embodiment.
Fig.7 is a flow chart of processing of the deterioration
diagnosis method according to the second embodi-
ment.
Figs.8A and 8B are one example of a detector with
a bolt included in the deterioration diagnosis system
according to the third embodiment.
Fig.9 is a flow chart of processing of the deterioration
diagnosis method according to the third embodi-
ment.

DETAILED DESCRIPTION

[0007] Hereinafter, the deterioration diagnosis meth-
od, the deterioration diagnosis system and the sensor
according to embodiments are described below with ref-
erence to drawings. Having the same reference numeral
means the same component. Incidentally, the drawings
are schematic or conceptual, a relationship between the
thickness and width of each part, the dimensional ratio
between parts, etc. are not necessarily the same as ac-
tual ones. Furthermore, even the same part may be de-
picted in the different dimensions or dimensional ratio
among the drawings.

(The first embodiment)

[0008] The first embodiment will be explained by refer-
ring to Figs.1A and 1B. Figs.1A and 1B show one exam-
ple of the deterioration diagnosis system according to
the first embodiment.
[0009] Fig.1A shows a utility pole as a diagnosis target.
As shown in Fig.1A, the utility pole 10 (diagnosis target
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for deterioration diagnosis system) is a columnar con-
crete structure almost vertically installed on a ground
(such as road or sidewalk) . In general, the utility pole 10
has a hollow structure inside, and shaped by covering a
steel framing with concrete. On the utility pole 10, a plu-
rality of holes 12 is provided for attaching a bolt as a
footing for a worker (user) to inspect. A female screw is
threaded to each of the holes 12, and a male screw is
threaded to the bolt 11. By engaging the female screw
with the male screw, the bolt 11 is fixed to the utility pole
10. Instead of each of the holes 12, a nut having a female
screw threaded may be embedded into the utility pole
10. Each position of the holes 12 (previously provided on
the utility pole 10) is designedly determined. For exam-
ple, the holes 12 are provided with staggered form at a
predetermined interval along axis direction of the utility
pole 10. Normally, the bolt 11 of the utility pole 10 is not
attached to the holes 12 positioned near the ground. They
are attached to the holes 12 having a height (from the
ground) at which a person cannot reach (e.g., larger than
180cm). At the holes 12 (of the utility pole) near the
ground, in general, the bolt 11 as a footing used for in-
spection if necessity is attached. A range of the holes 12
(of the utility pole) to which the bolt 11 is not attached is
called as "lower part of the utility pole". Furthermore, a
range of the holes 12 (of the utility pole) to which the bolt
11 is attached is called as "upper part of the utility pole".
At the upper part of the utility pole 10, an electric wire is
attached.
[0010] Next, the deterioration diagnosis system 1 of
the first embodiment will be explained. Fig.1B shows a
situation that the deterioration diagnosis system 1 is in-
stalled to the utility pole 10. As shown in Fig.1B, The
deterioration diagnosis system 1 includes a sensor 2, a
signal processing device 3, a derivation device 4, a spec-
ifying device 5, a storage device 6, an evaluation device
7, and a display device 8. The sensor 2 is attached using
the holes 12 positioned at the lower part of the utility pole
10, and outputs a voltage signal by detecting elastic
waves occurred due to an impact applied. The signal
processing device 3 processes the voltage signal, and
outputs an elastic wave signal. The derivation device 4
derives a propagation velocity of the elastic wave in the
utility pole by inputting the elastic wave signal, and de-
rives a distribution of propagation velocity at each posi-
tion in the utility pole. The specifying device 5 specifies
a threshold and so on. The storage device 6 stores po-
sition information of the holes of the utility pole and infor-
mation of the bolt. The evaluation device 7 evaluates a
deterioration region in the utility pole by comparing the
distribution of propagation velocity with the threshold.
The display device 8 displays an evaluation result by the
evaluation device 7.
[0011] By applying an impact to the bolt 11 attached
to the hole 12 positioned at the upper part of the utility
pole 10, an elastic wave occurs. In the deterioration di-
agnosis system 1, the sensor 2 detects the elastic wave,
and a distribution of propagation velocity of the elastic

wave is derived. As a result, deterioration in the utility
pole is diagnosed.
[0012] By applying an impact to the bolt 11 attached
to the hole 12 (of which position is previously known) at
the upper part of the utility pole 10, a position where the
impact is applied is easily known. Furthermore, by de-
tecting the elastic wave by the sensor attached to the
hole 12 (of which position is previously known) at the
lower part of the utility pole 10, in the case of analyzing
by the derivation device 4, a position of the sensor is
accurately detected, and analysis accuracy can be im-
proved.
[0013] First, the sensor 2 will be explained. Fig.2A
shows a sectional view of one example of the sensor 2.
As shown in Fig. 2A, the sensor 2 equips a housing 21
and a detector 22. The housing 21 is formed as bolt-
shape. The detector 22 is installed to the housing 21. On
the housing 21, a male screw is formed so as to be tightly
attached into the hole of the utility pole. By engaging the
male screw of the housing with the female screw of the
utility pole, the sensor 2 is fixed to the utility pole. Pref-
erably, a shape of the housing 21 is almost same as a
shape of the bolt 11. After attaching the sensor to the
utility pole 10, the sensor is used as a footing for the
worker. Fig.2B shows one example that the sensor 2 at-
tached into the hole 12 of the utility pole is used as the
footing. As a material of the housing 21, a metal such as
steel is preferred. The utility pole is mainly shaped with
the concrete. Accordingly, in a frequency band including
a major component of the elastic wave propagating inside
the utility pole, so long as it is a hard material for the
elastic wave to propagate without attenuation and easy
to process, any material can be used.
[0014] The detector 22 is installed into the housing 21,
and a part to detect elastic waves occurred due to the
impact. For example, the detector 22 mainly detects ac-
celeration component of the elastic waves. As the detec-
tor 22, AE (Acoustic Emission) sensor, acceleration sen-
sor, or vibration sensor, is used. If a velocity tomography
analysis method is used as a method for diagnosing de-
terioration, AE sensor had better be used. In the velocity
tomography analysis method, by evaluating a distribution
of propagation velocity of elastic waves (diagnosis tar-
get), a position and a degree of deterioration (or damage)
which is latent in the diagnosis target are estimated.
[0015] The detector 22 converts the detected elastic
waves to a voltage signal. The detector 22 performs
processing such as amplification and frequency-limita-
tion to the voltage signal, and outputs the processed volt-
age signal to the signal processing device 3.
[0016] An installation position of the detector 22 may
be a surface of the housing 21, or built in the housing.
[0017] Fig.2C shows a sectional view of one example
of the case that the sensor 2 (the detector 22 is installed
inside a male screw part of the housing 21) is attached
to the utility pole 10. By installing the detector 22 inside
a part where a male screw of the housing 21 is formed,
if the sensor 2 is attached to the hole 12 of the utility pole
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10, the detector 22 is entered inside the utility pole 10,
accuracy to detect the elastic waves can be improved.
[0018] Furthermore, the detector 22 often includes a
detection face to detect the elastic waves with high sen-
sitivity.
[0019] Under the condition that the sensor is attached
to the utility pole, the detection face of the detector 22 is
preferably located so as to face a propagation direction
of the elastic wave. As shown in Fig.2C, a direction to
install the detector 22 can be variously thought out.
[0020] A plurality of sensors is preferably installed into
holes 12 of the utility pole. By using one sensor 2, dete-
rioration diagnosis of the utility pole can be performed.
However, in order to diagnose with higher accuracy, a
plurality of sensors 2 had better be used. For example,
among a plurality of holes of the utility pole, each sensor
is preferably installed into about four holes.
[0021] In general, the sensor 2 is installed into the hole
12 placed at a lower part of the utility pole 10. The reason
is already mentioned, i.e. , the bolt 11 is not attached to
the hole 12 positioned at the lower part of the utility pole.
The sensor (detector) is connected to the signal process-
ing device 3 via wiring. However, connection therebe-
tween is not limited to wiring. Information detected by the
sensor 2 can be communicated by not only a wire but
also a radio. In this case, a power source device and a
transmitting device (it is also called as "output device")
to transmit the information are separately installed to the
sensor 2.
[0022] Next, the signal processing device 3 will be ex-
plained. The signal processing device 3 inputs a voltage
signal outputted from the sensor 2. By performing signal
processing (such as noise-reduction, parameter-extrac-
tion) to the voltage signal inputted, the signal processing
device 3 extracts characteristics including information re-
lated to elastic waves. For example, the information re-
lated to elastic waves is amplitude, energy, rise time,
duration, frequency and zero-crossing count of the volt-
age signal. The signal processing device 3 outputs infor-
mation based the extracted characteristics (as an elastic
wave signal) to the derivation device 4. The elastic wave
signal (outputted by the signal processing device 3) in-
cludes an ID of the sensor, detection time, signal ampli-
tude, energy, rise time, duration, and frequency of the
elastic waves.
[0023] Here, for example, the amplitude of the voltage
signal is a value of maximum amplitude among the elastic
waves. The energy is a time-integrated value of the am-
plitude squared at each timing. Definition of the energy
is not limited to above example. By using envelop of the
waveform, the voltage signal may be approximated. The
rise time is, for example, a lapse of time of the elastic
wave from start timing (the elastic value is equal to zero-
value) to rise timing (the elastic wave is over a predeter-
mined value) . The duration is, for example, a lapse of
time from the rise timing (the elastic wave is over the
predetermined value) to timing when the amplitude is be-
low a predetermined value. The frequency is a frequency

of the elastic wave. The zero-crossing count is, for ex-
ample, the number of times that the elastic wave is cross-
ing a reference line passing zero-value.
[0024] The signal processing device 3 equips, for ex-
ample, a CPU (Central Processing Unit), a memory and
an auxiliary memory, and executes an evaluation pro-
gram. Moreover, all or a part of the signal processing
device 3 may be realized using hardware such as ASIC
(Application Specific Integrated Circuit, PLD (Program-
mable Logic Device), or FPGA (Field Programmable
Gate Array).
[0025] The signal processing device 3 is connected to
the sensor 2 via a wire (wiring) or a radio. In the case of
connecting via radio, a receiving device to receive infor-
mation transmitted from the sensor is equipped. Further-
more, the signal processing device 3 may be built in the
sensor 2. The signal processing device and the sensor
may be called as "sensor unit".
[0026] Next, the derivation device 4 will be explained.
The derivation device 4 inputs an elastic wave signal out-
putted from the signal processing device 3. Furthermore,
the derivation device 4 needs to acquire a sensor-posi-
tion information related to a sensor ID in advance. In the
deterioration diagnosis system of the first embodiment,
as mentioned-above, position information of the hole 12
of the utility pole is previously known. Accordingly, posi-
tion information of the sensor 2 (attached to the hole 12
of the utility pole) and the sensor ID can be easily ac-
quired. Furthermore, a travel time from timing when an
impact is applied to timing when the elastic wave arrives
at each sensor 2 needs to be acquired. Here, for example,
the worker applies an impact to the bolt 11 (previously
installed into the hole of the utility pole) by hammering.
Accordingly, position information of the bolt 11 (to which
the impact is applied) and the travel time can be easily
acquired. Specifying correspondence relation of the sen-
sor ID to a position of the hole of the utility pole, and a
position of the bolt to be applied with impact, are per-
formed by the specifying device (explained afterwards) .
A time when the impact is applied may be actually meas-
ured by the worker. For example, by installing the accel-
eration sensor to a material for hammering, a time when
the impact is applied may be measured. Moreover, as
the material to apply the impact, a hard material (such
as metal) is preferable to a soft material. As this reason,
high acceleration (G value) is acquired from the hard ma-
terial.
[0027] Even if the impact is applied to only one bolt 11,
deterioration diagnosis in the utility pole can be per-
formed. However, in order to diagnose with higher accu-
racy, the impact is preferably applied to many bolts 11
(For example, about ten bolts).
[0028] Based on the sensor ID included in the elastic
wave signal inputted, travel time information as a differ-
ence between a time when the impact is applied and a
time when the elastic wave is detected by the sensor,
and position information of the bolt and the sensor, the
derivation device 4 derives a distribution of propagation
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velocity of the elastic wave. The distribution of propaga-
tion velocity is a distribution representing a propagation
velocity of the elastic wave at a predetermined part in the
utility pole. For example, by using the velocity tomogra-
phy analysis method, the derivation device 4 derives the
distribution of propagation velocity of the elastic wave in
the utility pole. In the velocity tomography analysis meth-
od, an elastic wave occurred due to the impact (applied
to a structure) is detected by a plurality of AE sensors, a
propagation velocity of an analysis model of the structure
is corrected so that an error between a theoretical travel
time (from the application position of the impact to each
sensor) and a measured travel time converges within an
allowable value. In this way, the distribution of propaga-
tion velocity of the elastic wave in the structure is ac-
quired. The larger the deterioration degree of the struc-
ture is, the lower the propagation velocity of the elastic
wave (propagating inside the structure) is. Accordingly,
by using the velocity tomography analysis method, a de-
gree of inner deterioration of the structure can be evalu-
ated from the distribution of propagation velocity of the
elastic wave.
[0029] In the velocity tomography analysis method,
analysis is performed based on a propagation time (travel
time) of the elastic wave from the application position of
the impact to the detection position of the elastic wave
by the sensor. However, analysis method is not to this.
For example, attenuation tomography analysis method
(for analyzing based on attenuation amount of amplitude
of the elastic wave from the application position of the
impact to the detection position by the sensor) may be
used. In the attenuation tomography analysis method,
the larger the deterioration degree of the structure is, the
larger the attenuation amount of amplitude of the elastic
wave (propagating inside the structure) is. Accordingly,
a degree of inner deterioration of the structure can be
evaluated from the distribution of attenuation amount of
amplitude of the elastic wave. Moreover, in the attenua-
tion tomography analysis method, the elastic wave (oc-
curred when the impact is applied) needs to be acquired.
By locating a sensor adjacent to the bolt to be applied
with the impact, the elastic wave may be acquired. Alter-
natively, by applying the impact to the sensor, the elastic
wave may be acquired.
[0030] The propagation time (travel time) of the elastic
wave in the velocity tomography analysis method, and
the attenuation amount of amplitude of the elastic wave
in the attenuation tomography analysis method, are one
example of characteristics information of the elastic wave
reflecting a degree of deterioration (or damage) inside
the structure. This information is generically called "prop-
agation situation".
[0031] For example, the derivation device 4 equips a
CPU, a memory or an auxiliary memory connected to a
bus, and executes an evaluation program. By executing
the evaluation program, the distribution of propagation
velocity of the elastic wave is acquired. Moreover, all or
a part of the derivation device may be realized using hard-

ware such as ASIC, PLD or FPGA. As the auxiliary mem-
ory, a magnetic disk such as a hard disk, or a semicon-
ductor memory, can be used.
[0032] Next, the specifying device 5 will be explained.
The specifying device 5 is connected to the derivation
device 4 and the evaluation device 7 (explained
afterwards) . Furthermore, the storage device 6 (ex-
plained afterwards) is connected to the specifying device
5. The worker specifies a threshold of the propagation
velocity of the elastic wave, a position of the hole (to
which the sensor is attached) of the utility pole, a position
of the hole (to which the bolt (to be applied with impact)
is attached) of the utility pole, the predetermined number
of application of impact, and so on (there are called as
"parameter information"), via the specifying device 5. The
threshold of the propagation velocity can be suitably
specified based on situation of the utility pole for the work-
er to desirably diagnose. For example, as to the utility
pole which progress of deterioration is not notable by
visual observation, or as to the utility pole having short
age of building, the threshold had better be set highly.
Furthermore, as to the utility pole which progress of de-
terioration is notable by visual observation, or as to the
utility pole having long age of building, the threshold had
better be set lowly. Furthermore, based on diagnosis data
or experiential rule in the past, or based on fundamental
examination data for sample of similar concrete material,
the threshold may be specified. The threshold specified
by the worker is outputted to the evaluation device 7.
Based on the specified position of the hole of the utility
pole 10, precise position information of the hole, and
shape information of the bolt and the sensor, are acquired
from the storage device 6, and outputted to the derivation
device 4. In the case of specifying a plurality of sensors
2, each position of a plurality of holes (to be targeted) of
the utility pole is specified by the specifying device 5.
Furthermore, in the case of applying the impact to a plu-
rality of bolts 11, whenever the impact is applied, a po-
sition of the hole (to which the bolt (to be applied with
impact) is attached) of the utility pole is specified.
[0033] Specifying parameter information by the spec-
ifying device 5 may be performed using an external ter-
minal (such as PC or cellular-phone), or may be directly
inputted by attaching a monitor or a touch panel thereto.
If the parameter information is specified by the external
terminal, transfer of data is executed using Internet, Wi-
Fi, or Bluetooth. If the specifying device 5 is composed
as the touch panel, and if various parameters are spec-
ified thereby, for example, by touching a position of the
related hole among holes (of the utility pole) displayed
on the panel, the parameter information may be speci-
fied. Furthermore, if an ID is assigned to each position
of holes (of the utility pole) displayed on the panel, by
inputting the ID, the parameter information may be spec-
ified.
[0034] next, the storage device 6 will be explained. The
storage device 6 is connected to the specifying device
5. The storage device 6 stores information related to the
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utility pole 10. For example, position information of the
hole 12 from a predetermined reference in the utility pole
10, information related to physical property (such as ma-
terial, weight, density) of the bolt 11 and the sensor 2,
position information of the detector 22 from a predeter-
mined reference in the sensor 2, are stored. The position
information of the hole 12 and the hole ID may be stored
with linking. Furthermore, the storage device 6 may be
included in the specifying device 5.
[0035] As the storage 6, for example, a tape system
such as a magnetic tape or a cassette tape, a disk system
such as a magnetic disk (floppy disk (registered trade
mark) /hard disk) or an optical disk (CD-
ROM/MO/MD/DVD/CD-R), a card system such as an IC
card (including a memory card) or an optical card, and a
semiconductor memory system such as a mask
ROM/EPROM/EEPROM/flash ROM, can be used.
[0036] Next, the evaluation device 7 will be explained.
The evaluation device 7 inputs the distribution of propa-
gation velocity of elastic wave (outputted from the deri-
vation device 4) and the threshold (outputted from the
specifying device 5). Based on the distribution of propa-
gation velocity of elastic wave and the threshold, the eval-
uation device 7 evaluates a deterioration situation of the
utility pole. The evaluation device 7 displays an evalua-
tion result via the display device 8.
[0037] Based on the threshold related to the propaga-
tion velocity of elastic wave, the evaluation device 7 clas-
sifies the inputted distribution of propagation velocity into
two regions, i.e., a region having high propagation veloc-
ity, and a region having low propagation velocity. Spe-
cifically, by binarizing the distribution of propagation ve-
locity based on the threshold, the evaluation device 7
classifies into two regions.
[0038] Fig. 3 is an expansion view of the utility pole
showing one example of region-classification result of
the propagation velocity. As shown in Fig.3, a region hav-
ing high propagation velocity and a region having low
propagation velocity are represented.
[0039] In general, as to an elastic wave passing
through a region where deterioration has progressed in
the utility pole, in comparison with a region where dete-
rioration has not progressed, a propagation velocity of
the elastic wave lowers. Accordingly, the region having
low propagation velocity of elastic wave is evaluated as
a region where deterioration has progressed in the utility
pole. The region having high propagation velocity of elas-
tic wave is evaluated as a region where deterioration has
not progressed in the utility pole.
[0040] Fig. 4 is one example of the evaluation result
by the evaluation device 7. As shown in Fig.4, the region
where deterioration has progressed is recognized at a
glance.
[0041] The evaluation result by the evaluation device
7 is not limited to binarization into the region having low
propagation velocity and the region having high propa-
gation velocity. For example, by using the threshold as
a reference, multi-stages each having a predetermined

range may be set to the propagation velocity, such as
"region having very low velocity", "region having low ve-
locity", "region having little low velocity", and so on. Based
on the multi-stages, the degree of deterioration may be
classified into "limit deterioration", "deterioration", "slight
deterioration", and so on.
[0042] For example, the evaluation device 7 equips a
CPU, a memory or an auxiliary memory, and executes
an evaluation program. Moreover, all or a part of the eval-
uation device may be realized using hardware such as
ASIC, PLD or FPGA. Furthermore, processing of the sig-
nal processing device 3, the derivation device 4, and the
evaluation device 7, may be realized by the same chip.
[0043] Next, the display part 8 will be explained. The
display device 8 displays the evaluation result by the eval-
uation device 7. The display device 8 is an image display
device such as a liquid crystal display, an organic EL
(Electro Luminescence) display, and so on. The display
device 8 displays the evaluation result according to con-
trol of the evaluation device 7. The display device 8 may
be an interface to connect the image display device with
the evaluation device 7. In this case, the display device
generates a video signal to display the evaluation result,
and outputs the video signal to the image display device
connected thereto. Furthermore, instead of the display
device 8, the specifying device 5 may display the evalu-
ation result.
[0044] Next, processing flow of the deterioration diag-
nosis method of the first embodiment will be explained
in detail.
[0045] Fig. 5 is a flow chart of processing of a deteri-
oration diagnosis method according to the first embodi-
ment. Here, the case of applying the impact N times will
be explained.
[0046] First, at least one sensor 2 (shaped like a bolt)
is attached to any of a plurality of holes 12 of the utility
pole 10 as deterioration diagnosis target (S501).
[0047] A position of the hole (to which the sensor 2 is
attached) of the utility pole 10, and the predetermined
number of application of impact (N times), are specified
by the specifying device 5. Furthermore, a threshold for
propagation velocity of elastic wave is specified (S502).
[0048] A position of the hole (to which the bolt 11 (to
be applied with impact by the worker) is attached) of the
utility pole 10 is specified by the specifying device 5
(S503).
[0049] The worker applies an impact to the bolt at-
tached to the hole placed at the position specified by the
specifying device 5 (S504).
[0050] An elastic wave (occurred due to the impact)
propagating inside the utility pole is detected by the sen-
sor 2, and a voltage signal is outputted (S505).
[0051] The voltage signal is processed by the signal
processing device 3, and an elastic wave signal is out-
putted (S506).
[0052] Based on the elastic wave signal, position in-
formation of the sensor 2 and the hole 12 of the bolt 11
(to which the impact is applied), a distribution of propa-
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gation velocity of the elastic wave is derived by the der-
ivation device 4 (S507).
[0053] Next, assume that the number of application of
impact (actually performed) is X. If "X%N" is Yes,
processing is returned to S503, and processing of
S503∼S507 is repeated. In this case, when a position of
a hole (to which the bolt is attached) of the utility pole 10
is specified at S503, the position of the same hole may
be specified. Alternatively, a position of different hole (to
which another bolt 11 is attached) may be specified. Fur-
thermore, when a distribution of propagation velocity of
the elastic wave is derived at S507, an elastic wave newly
acquired and a position information of the hole 12 of the
bolt 11 (to which the impact is applied), are added. Based
on information accumulated by repeating S503∼S507,
the derivation device 4 derives a distribution of propaga-
tion velocity of elastic wave again. If "X%N" is No,
processing is forwarded to S509 (S508).
[0054] By comparing the distribution of propagation ve-
locity with the threshold, the evaluation device 7 binarizes
the distribution into a region where deterioration has pro-
gressed and a region where deterioration has not pro-
gressed, and outputs an evaluation result. As mentioned-
above, the evaluation result is not limited to binarization
(S509).
[0055] The display device 8 displays the evaluation re-
sult by the evaluation device 7 (S510). After S510,
processing is completed.
[0056] At S504, the worker directly applies an impact
to the bolt 11. However, the impact may be applied using
an impact application device. In this case, the impact
application device may have simple component only able
to apply the impact to the bolt.
[0057] At S508, the processing may be repeated ac-
cording to the worker’ s decision. If the impact application
device is used, the impact application device repeatedly
applies the impact until the predetermined number of ap-
plication of impact (specified by the specifying device 5)
is satisfied.
[0058] In the deterioration diagnosis method, the de-
terioration diagnosis system and the sensor according
to the first embodiment, the sensor 2 (shaped like a bolt)
is only attached to the hole 12 of the utility pole. As a
result, attaching and removing of the sensor 2 can be
easily performed.
[0059] Furthermore, by using the hole 12 (to attach the
bolt 11) previously determined in design of the utility pole,
a position where the impact is applied and a position
where the sensor 2 is attached can be precisely deter-
mined without measurement thereof.
[0060] Furthermore, when the distribution of propaga-
tion velocity of elastic wave is derived, it is derived based
on precise position where the impact is applied and pre-
cise position where the sensor 2 is attached. As a result,
analysis accuracy can be improved.
[0061] Furthermore, by engaging a male screw
(threaded onto the sensor 2) with a female screw (thread-
ed into the hole 12 of the utility pole), they are fixed. As

a result, the sensor 2 can be tightly fixed, and the elastic
wave signal can be suitably detected.
[0062] Furthermore, by using the sensor 2 shaped like
a bolt, the sensor 2 can be used as a footing for the
worker.
[0063] Furthermore, a shape of the bolt 11 attached to
the utility pole is previously known. As a result, the elastic
wave including a large number of frequency component
according to the natural frequency of the bolt 11 can be
detected.
[0064] In above explanation, the sensor is attached to
holes 12 at the lower part of the utility pole, and an impact
is applied to the bolt 11 attached to holes at the upper
part of the utility pole. However, by removing the bolt 11
attached to the upper part, in place of the bolt 11, the
sensor 2 may be attached to the hole at the upper part.
In this case, by attaching a bolt 11 to the hole 12 at the
lower part of the utility pole, an impact may be applied to
the bolt 11.
[0065] In above explanation, the threshold is previous-
ly specified by the user. However, the threshold may be
automatically set. In this case, by linking the distribution
of propagation velocity of the utility pole (inspected in the
past) with the threshold, a plurality of thresholds linked
to respective distributions is stored into a database. By
using this database, the threshold had better be auto-
matically set. For example, the distribution of propagation
velocity (derived by the derivation device 4) is compared
with respective distributions of propagation velocity
stored in the database. Among the respective distribu-
tions stored in the database, one distribution most similar
to the distribution (derived by the derivation device 4) is
selected, and the threshold used for the selected distri-
bution is also used for the distribution (derived by the
derivation device 4). In order to decide similarity between
distributions, correlation coefficients may be calculated,
or general machine learning may be used. The machine
learning is logic constructed using an algorithm to solve
a sorting problem. As this algorithm, decision tree, Ran-
dom forest, SVM (Support Vector Machine), and neural
net, are used. By combining these, an algorithm to be
used may be created. As a result, even if the worker does
not specify the threshold, the threshold can be automat-
ically specified in the system.
[0066] In the diagnosis deterioration system of the first
embodiment, the derivation device 4 and the evaluation
device 7 may be included in a server apart from the utility
pole to be inspected. In this case, for example, a sensor
unit is attached to a hole of the utility pole, and the worker
specifies parameter information via the specifying de-
vice. Information of the sensor unit and the specifying
device is transmitted to the server by radio. Furthermore,
an evaluation result evaluated in the server is transmitted
to the specifying device by radio. As a result, the worker
can face the utility pole (to be worked) by having only the
sensor unit and the specifying device. Accordingly, the
worker’s burden can be reduced.
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(The second embodiment)

[0067] The second embodiment will be explained by
referring to Fig. 6. Fig. 6 is one example of the sensor 2
included in the deterioration diagnosis system according
to the second embodiment. In the deterioration diagnosis
method and the deterioration diagnosis system of the
second embodiment, when the sensor 2 is attached to
the hole 12 of the utility pole, a coupling agent 9 is coated
to a gap between the sensor 2 and the hole 12, which is
different from the first embodiment. Other components
are same as those of the first embodiment.
[0068] The coupling agent 9 improves adhesion be-
tween the sensor 2 and the hole 12. By using the coupling
agent 9, sensitivity for the sensor 2 to detect the elastic
wave can be raised. As the coupling agent 9, a rubber,
a filler, a silicon system, an epoxy resin, or a polyester
resin, are used. Furthermore, the coupling agent 9 can
be coated to a gap not only between the sensor 2 and
the hole 12 of the utility pole but also between the bolt
11 and the hole 12 of the utility pole. The coupling agent
is also called as "sealing agent".
[0069] Fig.7 is a flow chart of processing of the dete-
rioration diagnosis method in the case of using the cou-
pling agent 9.
[0070] First, the coupling agent 9 is coated to at least
one of a plurality of holes 12 of the utility pole as deteri-
oration diagnosis target (S701).
[0071] The sensor 2 (shaped like a bolt) is attached to
the hole 12 (on which the coupling agent 9 is coated) of
the utility pole (S702).
[0072] A position of the hole (to which the sensor is
attached) of the utility pole, and the predetermined
number of application of impact (N times), are specified
via the specifying device 5. Furthermore, a threshold for
the propagation velocity of elastic wave is specified
(S703).
[0073] The worker specifies a position of the hole (to
which the bolt 11 (to be applied with an impact) is at-
tached) of the utility pole via the specifying device 5
(S704).
[0074] The worker applies the impact to the bolt 11
attached to the hole (of which position is specified by the
specifying device 5) (S705).
[0075] Following processing is same as that of the first
embodiment. Accordingly, explanation thereof is omitted.
[0076] At S701∼S702, instead of the hole 12 of the
utility pole coated with the coupling agent 9, after a male
screw of the sensor 2 (shaped like a bolt) is coated with
the coupling agent 9, the sensor 2 may be attached to
the hole 12 of the utility pole. Furthermore, instead of
this, after the sensor 2 is attached to the hole 12 of the
utility pole, the coupling agent 9 may be injected into a
gap between the sensor 2 (already attached) and the
hole 12 subsequently.
[0077] If the coupling agent 9 is injected into a gap
between the bolt 11 and the hole 12 of the utility pole, it
may be performed together while the coupling agent 9 is

being applied to a gap between the sensor 2 and the hole
12 (S701∼S702). Alternatively, it may be performed just
before the worker applies the impact to the bolt (S705).
Furthermore, after the bolt 11 is removed from the utility
pole temporarily, and next the hole 12 of the utility port
or the male screw of the bolt 11 is coated with the coupling
agent 9, then the bolt 11 may be attached to the hole 12
again.
[0078] In the deterioration diagnosis method and the
deterioration diagnosis system of the second embodi-
ment, by using the coupling agent 9, sensitivity to detect
the elastic wave by the sensor 2 can be improved.
[0079] Furthermore, when the impact is applied to the
bolt 11, a noise component superimposed on the elastic
wave can be reduced.

(The third embodiment)

[0080] The third embodiment will be explained by re-
ferring to Figs.8A and 8B. Figs.8A and 8B are one ex-
ample of a detector 220 with a bolt 11 included in the
deterioration diagnosis system according to the third em-
bodiment. In the deterioration diagnosis method and the
deterioration diagnosis system of the third embodiment,
a detector 220 to detect the elastic wave is directly at-
tached to the bolt 11, which is different from the first em-
bodiment. Other components are same as those of the
first embodiment.
[0081] As shown in Fig.8A, normally, the bolt is made
from iron. Accordingly, by installing a magnet type-at-
tachment mechanism to a housing of the detector, at-
taching of the detector is easily performed. Furthermore,
in order to remove the detector 220 easily from the bolt,
the magnet type-attachment mechanism is preferably
composed by a switch type-electromagnet. By tightly fix-
ing the detector to the bolt with the electromagnet, the
elastic wave can be accurately detected.
[0082] Furthermore, Fig.8B is a frontal view and a sec-
tional view along A-A line in the case that the detector
220 is attached so as to nip the bolt therebetween. As
shown in Fig.8B, in order to improve the measurement
sensitivity by adjacently attaching the detector 220 to a
main body of the utility pole, the detector 220 may be
fixed so as to nip the bolt therebetween. Here, the de-
tector 220 is installed to the housing nipping the bolt.
[0083] Fig.9 is a flow chart of processing of the dete-
rioration diagnosis method in the case of attaching the
detector to the bolt.
[0084] First, at least one detector 220 is attached to
the bolt of the utility pole as a deterioration diagnosis
target. Attaching of the detector 220 to the bolt may be
attaching using a magnetic force, or may be attaching so
as to nip the bolt (S901).
[0085] A position of the hole (to which the bolt having
the detector 220 is attached) of the utility pole, and the
predetermined number of application of impact (N times),
are specified via the specifying device 5. Furthermore, a
threshold for the propagation velocity of elastic wave is
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specified (S902) .
[0086] The worker specifies a position of the hole (to
which the bolt 11 (to be applied with an impact) not having
the detector 220 is attached) of the utility pole via the
specifying device 5 (S903).
[0087] The worker applies the impact to the bolt 11 (not
having the detector 220) attached to the hole (of which
position is specified by the specifying device 5)(S705).
[0088] Following processing is same as that of the first
embodiment. Accordingly, explanation thereof is omitted
[0089] In above explanation, the detector 220 is at-
tached by the electromagnet or nipping the bolt therebe-
tween. However, the detector 220 may be pasted to the
bolt 11 with adhesive.
[0090] In the deterioration diagnosis method and the
deterioration diagnosis system of the third embodiment,
by directly attaching the detector 220 to the bolt 11, the
sensor 2 (shaped like a bolt) need not be attached to the
hole of the utility pole. Furthermore, the worker need not
remove the bolt 11 to attach the detector 220 thereto. By
attaching the detector 220 to the bolt 11 attached to the
upper part of the utility pole, the detector 220 can be
installed to a position of the upper part of the utility pole.
[0091] Furthermore, if the detector 220 is to be at-
tached to the lower part of the utility pole, by attaching a
bolt 11 to a hole positioned at the lower part of the utility
pole, the detector 220 may be attached to the bolt 11.
[0092] In above explanation, the specifying device 5,
the storage device 6, and the display device 9, are ex-
plained as component of the embodiments. However,
these are not necessary components. Any of these com-
ponents may be omitted.

Claims

1. A method for diagnosing a deterioration of a utility
pole (10) having at least one bolt (11) and a plurality
of holes (12) provided for attaching the bolt (11),
the method characterized in that
applying an impact to the bolt (11);
detecting elastic waves generated due to the impact
by a sensor (2) shaped like a bolt attached to at least
one of the holes (12) ; and
deriving a propagation situation of the elastic waves
in the utility pole (10), based on the elastic waves
detected, and each position of the bolt (11) and the
sensor (2).

2. The method according to claim 1, wherein
the deriving includes
deriving a distribution of propagation velocity of the
elastic waves.

3. The method according to claim 1, wherein
the deriving includes
deriving a distribution of attenuation amount of am-
plitude of the elastic waves.

4. The method according to claim 1, wherein
a female screw is provided for each of the holes (12),
a male screw is provided for the sensor (2) and the
bolt (11), and
the sensor (2) or the bolt (11) is attached to the hole
(12) by engaging the female screw with the male
screw.

5. The method according to claim 1, further character-
ized in that
coating a sealing agent to fill a gap between the sen-
sor (2) and the hole (12) to which the sensor (2) is
attached.

6. The method according to claim 2, further character-
ized in that
specifying a threshold; and
evaluating the deterioration of each region of the util-
ity pole (10) by comparing the distribution of propa-
gation velocity or the distribution of attenuation
amount with the threshold.

7. The method according to claim 6, wherein
the evaluating includes
evaluating a region of which the distribution of prop-
agation velocity is smaller than the threshold, as the
region where the deterioration has progressed, and
evaluating a region of which the distribution of prop-
agation velocity is larger than the threshold, as the
region where the deterioration has not progressed.

8. The method according to claim 7, further character-
ized in that
displaying an evaluation result by the evaluating.

9. The method according to claim 1, wherein
the sensor (2) includes
a housing (21) shaped like a bolt, and
a detector (22) installed to the housing, that detects
the elastic waves.

10. The method according to claim 1, wherein
the sensor (2) is an AE (Acoustic Emission) sensor.

11. A system for diagnosing a deterioration of a utility
pole (10) having at least one bolt (11) and a plurality
of holes (12) provided for attaching the bolt (11),
the system characterized in that
a sensor (2) attached to at least one of the holes
(12), that detects elastic waves generated due to an
impact applied to the bolt (11); and
a derivation device (4) that derives a propagation
situation of the elastic waves in the utility pole (10),
based on the elastic waves detected, and each po-
sition of the bolt (11) and the sensor (2).

12. The system according to claim 11, wherein
the derivation device (4) derives a distribution of
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propagation velocity of the elastic waves.

13. The system according to claim 11, wherein
the derivation device (4) derives a distribution of at-
tenuation amount of the elastic waves.

14. The system according to claim 12, further charac-
terized in that
a specifying device (5) that specifies a threshold; and
an evaluation device (7) that evaluates the deterio-
ration of each region of the utility pole (10) by com-
paring the distribution of propagation velocity or the
distribution of attenuation amount with the threshold.

15. The system according to claim 14, wherein
the evaluation device (7) evaluates a region of which
the distribution of propagation velocity is smaller than
the threshold as the region where the deterioration
has progressed, and evaluates a region of which the
distribution of propagation velocity is larger than the
threshold as the region where the deterioration has
not progressed.

16. The system according to claim 10, further charac-
terized in that
a display device (8) that displays an evaluation result
by the evaluation device (7).

17. A sensor used for diagnosis of a utility pole (10) hav-
ing a plurality of holes (12) to attach a bolt (11), char-
acterized in that
a housing (21) of which external shape is approxi-
mately same as a part of the bolt (11), the housing
(21) being attachable to each of the holes (12); and
a detector (22) installed to the housing (21), that de-
tects elastic waves propagating into the utility pole
(10).

18. The sensor according to claim 17, further charac-
terized in that
an output part that outputs a detection signal ac-
quired by the detector (22) to outside by a wire or a
radio.

19. The sensor according to claim 18, further charac-
terized in that
a signal processing part that processes the detection
signal.

20. The sensor according to claim 17, wherein
the housing (21) is shaped with a metal.
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