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In this study, we propose an identification analysis of defects in concrete structures based on the
supervised machine learning (ML). In ML, the acceleration response in the hammering test and the presence
or absence of defects under the hammering point are used as the input and output data, respectively. In
particular, we focus on the effect of noise removal in the learning data for the identified result and
investigate the accuracy of the defect identification. A first-order Butterworth low-pass filter is used for
noise removal. The loss function is defined using the binary-cross-entropy loss, and Adam is employed as

the optimization method.

Key Words: Defect identification, Supervised machine learning, Hammering test, Noise removal, First-
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1. Introduction

Currently, approximately 730,000 bridges exist in
Japan, and it has been reported that by 2040, more
than 70% of these bridges will be more than 50 years
oldV. Japan is prone to earthquakes, and its non-
destructive testing technology for structures is more
advanced than that of other countries. Therefore,
Japan is expected to take initiatives to strengthen its
national resilience. Although the technology of non-
destructive
involving concrete spalling still occur’. Some
researchers have focused on the identification of
defects, and methodologies based on the topological

testing is advancing”, accidents

derivative®*> have been proposed. In this method, the
wave equation and equation of motion are introduced
as the governing equations, and performing a
numerical simulation for the governing equation is
necessary.

In recent years, the author’s research group has
focused on
hammering
performing defect identification based on supervised
machine learning (ML)®: 7. In this method, defects
are identified based on the relationship between input
and output data, and simulating the governing
equation is not necessary. The acceleration data

non-destructive  technology by

tests 1n concrete structures and
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Fig. 1 Concrete structure

measured in the hammering model test were used as
input data for ML. In general, noise data are included
in the measurement data, and identifying defects by
considering the noise data is necessary. In this study,
we apply a first-order Butterworth low-pass filter to
remove noise in the measurement data, and
investigate the relationship between the accuracy of
defect identification and noise removal in the input
data in ML. Defect identification is performed for the
floor plate model, as shown in Fig.1.

2.  Supervised machine learning for
identification of presence or absence of
defects

In this study, loss function J is defined by the
binary-cross-entropy loss, as shown in Eq. (1).

J= —%Zﬁvﬂ[n log(y) + (1 —rlog (1 = y)] (1)

where 1; and y; denote the collected and estimated
values for the presence or absence of defects,
respectively. Parameter N represents the number of
squares on top of the floor plate surface. The
collected value and the estimated value of the
presence or absence of defects are expressed as

values from zero to one, and if the value is equal to
zero, a defect exists, if the value is equal to one, no
defect exists. The value is expressed by the activation
function, and the sigmoid function shown in Eq. (2)
is introduced into the output layer.

1
Yi = Trexp (cup) ()

Variable u; is calculated using the weighting
coefficients, input value and threshold. In middle
layers, a rectified linear unit function (ReLU) is
employed as the activation function. The activation
function is expressed by the input value, that is, the
measured acceleration data in the hammering test,
and the weighting coefficients, to determine the
unknown weighting coefficients to minimize the loss
function. Adam is
minimization problem of the loss function.

In this study, a low-pass filter, that is, the first-
order Butterworth low-pass filter?, is applied to
remove noise from the input data. A frequency
analysis is performed for all acceleration responses
in the hammering test. Peaks in the frequency
domain with significant amplitudes often represent
important features of the original data. Capturing
these features within the filter passband is essential.
The threshold is defined using Eq. (3), where mX,,,
denotes the maximum amplitude and mX,,;,

employed to solve the

denotes the minimum amplitude in the FFT plot (Fig.
2).
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Fig. 2 Determining the cutoff frequency.
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Any peak with an amplitude greater than this
threshold is considered significant.

threshold = w (3)

The cutoff frequency of the filter is shown in Fig. 2.

For each dataset, the cutoff frequency f, is defined

as the highest frequency whose amplitude mX is

greater than the threshold. The maximum f. in the

entire dataset is selected as the final cutoff frequency

for the Butterworth filter, which is set to 5350 Hz.

This guarantees that the filter does not exclude

significant features from any dataset.

The flow of defects prediction is summarized as

follows.

1. Observe acceleration response by hammering
test.

2. Remove high-frequency data of the acceleration
response using a first-order Butterworth low-
pass filter

3. Identify weighting coefficients using the
modified acceleration response based on
supervised ML.

4. Predict defects based on identified weighting
coefficients.

3. Numerical experiments

In conventional studies’®, the acceleration
response in a hammering test is normalized by the
maximum value of the impact force, and the
normalized acceleration response is employed for the
defect applying this
normalization treatment to the acceleration response
data is not usual, because at special hammer is used
in conventional studies. Therefore, in this study,
acceleration response data that are not normalized by
the maximum impact force are applied as the input
values for the ML, and we investigate the effect of
noise

identification. However,

removal on the acceleration response for
defect identification.

The correct solution model for the presence and
absence of defects is shown in Fig. 3, and the
numerical conditions are listed in Table 1. The white

Accuracy =

and black regions in Fig. 3, indicate the presence and
absence of defects, respectively. In this study, as
shown in Fig. 4, the column used for the test data
(yellow column) is shifted to the right while the
training and validation data are created in the black
region; after learning in the black region, the
prediction of defects is performed for the yellow
column. This procedure is repeated several times to
determine the presence of defects in concrete floor
plate. As an example of the numerical analysis, the
width of the yellow columns is changed to reduce the
amount of learning data, and the effect of the
application of the low-pass filter is verified. The
model (linear layer weights) was initialized using the
default random initialization mechanism included in
PyTorch?. To ensure reproducibility, we fixed the
random seed for both NumPy and PyTorch to 10 and
configured PyTorch
implementation

Figure 5 shows the prediction results for defects
with and without filters. The white and black regions
indicate the presence and absence of defects,
respectively. The accuracy of the prediction is high
when the amount of training data is large in
comparison to the exact solution shown in Fig. 3 for
both cases of with and without filters. In addition, the
prediction accuracy is calculated using Eq. (4). The
relationship between the amount of training data and
the prediction accuracy is shown in Fig. 6.

to use a deterministic

Number of grid of exact solution
Total number of grid (32%x32)

X 100(%) (4)

0 5 10 15 20 25 30

Fig. 3 Correct solution of presence or absence of defects.
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Consequently, the effect of the first-order
Butterworth low-pass filter increases with a
decreasing amount of training data.

(Left: Without filter; Right: With filter)
Case2: Number of training data = 896

(Left: Without filter; Right: With filter)
0 5 10 15 20 25 30 Case3: Number of training data = 768

Fig. 4 Example of prediction of defects in test region.

Table 1 Numerical conditions.

Number of nodes 2048
in input layer
Number of nodes 200
in middle layer
Number of nodes 1
in output layer P e v e
Number of epoch 1000 (Left: Without filter; Right: With filter)
Loss function Binary cross entropy
loss Case4: Number of training data = 512
Learning rate 0.01
Optimization Adam
procedure

(Left: Without filter; Right: With filter)
Case5: Number of training data = 256

0 5 10 15 20 25 30

(Left: Without filter; Right: With filter)
Casel: Number of training data = 960

0 5
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20 2 X o 5 10 15 20 25 30

(Left: Without filter; Right: With filter)
Case6: Number of training data = 128

Fig. 5 Prediction results for each case.

Accuracy,%

- e - Without filter
o —e— With filter
0 128 256 384 512 640 768 896 1024
Number of training data

Fig. 6 Relationship between number of training data and

accuracy of predicting defects.

4. Conclusions

In this study, a first-order Butterworth low-pass
filter was applied to remove the noise in the input
data, that is, the acceleration response in the
hammering test used in supervised ML, and the
effect of noise removal on the identification of the
presence or absence of defects was investigated.
According to the numerical results, if sufficient
training data cannot be prepared, the prediction
accuracy of defects can be increased by applying a
first-order Butterworth low-pass filter to the input
data, that is, the acceleration response in the
hammering test.
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The Trial of the Presentation-Based English Education Program

Noboru FUKUDA' and Katsumi ICHIMURA?

Abstract

The learning effects of the presentation-based educational program as a trial were investigated using the

average spoken words, TOEIC Listening & Reading (L&R) test results taken before and after the course,

and lesson class questionnaires. The subjects were 29 fifth-year students at Nagaoka KOSEN (National

Institute of Technology, Nagaoka College). They were divided into three groups; upper, middle, and lower,

based on the average spoken words per minute in the presentation, and the average spoken words by each

group was calculated to investigate the learning effects by learning group. The results showed that the

average TOEIC L&R score of the upper group improved from 317.50 to 527.50, the middle groups from

301.67t0396.67, and the lower group from 276.43 to 367.14. In the post-class questionnaire, a high positive

evaluation of 95.17% was obtained. Although continuous research is indispensable in the future because

the number of participants in this class was a small number (29), the presentation-style educational program

shows the potential for a high learning effect while students learn independently.

Key Words : presentation, presentation-based learning, time restriction, English education program
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&1 B CEM L 7= Pros & Cons DiEsE & AL (Unit 1)

No

Pros meaning

phrase

RU7(E ARAYDKRZEE THD

Maria is a Spanish college student.

1K22(3 REBEMIRUIRD TR OARER (DT
SVTWLS

She writes about her experience of
starting to study English.

REE INFBRAANF S BRIIC REBZFAL

She learned English before entering
elementary school.

HzomPUL E556 FETHEULDT KEE
FERIFNERER NNk

Her parents both speak English so she had
to learn it too.

S W(F RE O KFT EREMELTLD

Now she is studying Law at the university
of the United Kingdom.

iz B £ T AF20re0

She wants a job with an international
company.

HlF oYk i Z1—3—-7 TEEEWV

She would like to work in either London
or New York.

B3 REEEFSH(C W LZ BHEL TN
[CREELTVS

She is pleased her parents encouraged
her to learn English.

SRS ZLDREIRME H'$D

Now she has so many choices.

10

R ETE IMERIZFR (C BOTLD

The world has become such a small place.

1

[y

B A2 nNiEREZImI LN TED HRE
FREBELLTVS

We need a world language to enable
people to communicate.

12

ZADA % REE I TICERY

Many people already speak English.

13

HENHRESFECHS L& BICHhRO>TWS

It makes sense (that English is the
world language).

13
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No

Cons meaning

phrase

Thr5Ed ETOANREZFZINETHD D €5T
BUD &2 FERINETHD

We should discuss whether or not
everyone should learn English.

ZEE(L 60NEL LD 2R THD

English is the official language in more
than 60 countries.

UDLADYS. JEEREE(E SREED 2f5B< DA FEEn
Tws

However, Mandarin is spoken by twice as
many people as English.

A 20504 FTlc. 1> ROSEE(F 26358 &6 < 55 |By 2050, more Indian languages will be
Nz L33 spoken than English.

g | R 7S5JsE, 2UT HsEx =34 0 # i3 [The number of Spanish, Arabic and English
BEUT®53 speakers will be equal.

6 |UNUL. K55 FADH TRV But English is not easy to learn.

FIZE, "sh" B Z2EC(F 13DRBORFZENGSD

For example, there are thirteen different
ways to spell the sound "sh".

LB EFACRIVNBRY -z BE EbRLDD?

Why don't we use instant translation tools?

BEREE(C 1 SREDEFET EBEULMNIREN

Just speak to the translation device in your
native language.

10

TNNS HRIEHERERUIZL SEERRIBEACT

Then only select the language you want to
translate.

11

REDAK & FFehERDEEES b

Instead of sweating over English
grammar books,

12

FIeBE CDESR ZADY—) 2 RFEIRETHSD

we should develop more tools like this.

13

FIEBF BETERZRVN CEZ T5D% AL #El d
NETIFRL

We shouldn't force people to do things
they're not good at.

14
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BH-2 FAEOENCREEOTLDO FEEZNE (Unit 3 : Fingerprint Attendance System) — # HHERE

Two Sides to Every Discussion FUKUDA
Name No. (F#)

Unit 3 Fingerprint Attendance System
What do you think about using a fingerprint sensor system for

attendance?

1 o fve oo of 5ink, Iingcrﬁw oudherdicedion
Ao_gondiom ,wr-h\{;, clogs_ottend ance
............. This.. 1% becanse whinde Lndecprind.  suthenTicolion. rokes
4 sngior de Toke ofendonte wpd dyes the probler
el o Fivet, veapacliog, the ense of. cudiasing attendonce |
........... in. oSt c[05%s, r‘:f’@%‘x«a 5. corfiomed . veidadly o osied o
ctedend 1D _ovd Oval saterdonge, 56 nat pussi Ble fo favde
tganr:* rmn{ Apkes 4TME. L. the g.'».Sr, .,—F o STedenes TP i
A elguives oo lot ok el il vun doget o sndent. 0.
Gerupd > T il Colve 4he picbler oF '[:.‘w-ld(del\_:f [A«T'ffh({ﬂ_héoj
5 ; : he.| : . . 2
.......... et vher 185n0 stadot 1R (s, 10 T pusiple fic Snoleds..
tio_boyreve_nnd___boryeu. fmﬂi_-;ﬁm_fﬁmm.-m‘d__on!\y._:ﬁr_-h’f..ﬂ”fmdmxﬁf-
— ﬁrﬁgs:{leuﬁ_-iluuﬂ_-hﬁ_--lﬁi.-Q.Y;--lximwed.}_ﬁo_fuuﬂ_mméﬁ. Yeyopcted
T Ahaee Al 45,«0,@?,1‘\1 nuThenticaTion. Shaadd be inTindule d

. NI ) ‘
......... e oMo To woke. attentonie ¢0Siel gl Plevent Frand

Your Writing Skills Grade: A, 8, C D E/F
Your Speaking Skilis Grade: A,B,C,D.E/F
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B3 ZEOMN=ERABTNDEERMNSDT+—F/Vy-(Unit 7:Consumption Tax) {EIE L 5T

Two Sides to Every Discussion Fukuda
Name No. FR

Unit 7 Consumption Tax
(At least, you need to write more than 65 words.)

[§ perctnt 1 have Thret reasSons .

Firctly . & large Tox Ihcrease nould hoave a hegative effect

ecohomy. Fe wetb PcoPle will buy jood-&‘-, (eadihj To

on

eco ho miC coNoPce‘iy"'—’ﬁe}-‘-“ ybeouem‘r this, (1 is hecessary To

ihcvease Tayec incveme ntally .

S‘ecand(y, 1 -Uw‘mk “{he rohg\uwp'{ior\- Tax IS uh’f\air.ml'f s tyue

thot Japan's CongumpTion Tok IS [on by internatithal ctonooiofr.

Bute i1 S unfoir ho-t kiclf\‘ano( poor hove To poy the some fox.

-"-‘(hepe:f-’;;’e l}’ﬂ.[@m{'%'{n’ﬁ'ﬁé.éﬁfg % 3 _(I&j': arol S‘i;que E—
Thirdly, f Taxes are WAL T Z AN people’s complojnts will

-Ck)’mclfef. People’s opinions Should be respecteo.
Fov w"&?g‘:ﬁ%r, L am agoingt The F""P“f"' To #&aﬁ}’a' -

Consum plion fax To (s percent .

T ERono#EhEd. 1N BT 1%
__________ AP n 52899 5Tt b FD -

Your Writing Evaluation (more than 65 words) Grade:(A)B,C,D,E/ F
Your Speech Evaluation ( within 1’min 20" sec.) Grade:A)B,C.,D.E/ F
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THERRAMIAZVTICKDERDTD—ER

LV B EFIEHMT X% > % — (Technical Support Center for Education and Research, National Institute of
Technology, Nagaoka College)

A study of industry analysis using text mining
Shinsuke HOSHII'
=]

SRRSO ERENE(LTDH, BEORDDIAMBICEH L TCT XA M~ = T2 LD0H
TikAdz. AW TN ZERRAICBE SN T D RENRRD D AMOT FA NNEIZOWT, FHE
T XA M3V 7 b @ KH Coder & W= MF 21T o 7=, HHFECREMGEOHIN, FERLO SR Y %
LR Y U —7 OER, T SRR & R E O E L OB E B DR EOFIEIC K
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BN T,
- EiE
‘o,

ZLTC, ZLOMEENERT 2B TRDEFORMEHH LI &2iT-728 25, 1§
V7 MAHICBONTUIMOEME K L Caia=r—a VBB ERSND LW I RERD

Key Words : Industry analysis, Text mining, Quantitative text analysis, Desired talent profile
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