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Delineation of S-wave velocity structure of pavements and
embankments by means of high-frequency surface wave
measurements
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It is important to monitor water distribution under the ground near repository sites of radioactive waste.
Water content in the ground and rocks can be evaluated via electromagnetic wave analysis.
Electromagnetic wave analysis has advantages to evaluate water content for the following reasons: (1) The
existence of pore water provides significant change in dielectric constant. (2) There is a relation between
dielectric constant and degree of saturation. However, it is difficult to evaluate the distribution of
dielectric constant in wave propagation direction by existing methods which are based on information of
arrival time and amplitude of electromagnetic waves reflected from gap of dielectric constant.

This study presents a method to estimate the distribution of dielectric constant via electromagnetic wave
analysis. The proposed method consists of an unscented Kalman filter and a finite element method. The
unscented Kalman filter is a nonlinear Kalman filter which can evaluate state values of a nonlinear system
from observation signals with zero-mean Gaussian noise. In the estimation process, the nonlinear Kalman
filter requires computation of nonlinear transform. In this study, the computation of a nonlinear transform
corresponds to the FEM analysis of reflected electromagnetic waves for arbitrary distribution of dielectric
constant.

The validity and performance of our proposed method have been confirmed by numerical and laboratory
experiments. In numerical experiments, reflected electromagnetic waves computed by FEM are used as
observed signals. The estimated distribution of dielectric constant is in good agreement with the correct
distribution. In laboratory experiments, reflected waves measured by a ground penetrating radar (GPR) are
used as observed signals. The estimation results are not well fitted with the distributions expected. One of
the reasons is that finite element analysis doesn’ t consider the effects of wave attenuation, and this
problem is a future task of this study.
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Title
Processing of ground penetrating radar (GPR) data for underground cavity by Convolution neural network

Background

For many years, GPR (Ground Penetrating Radar) systems have being used to detect cavities underneath
the road surface. A system on a vehicle are available to acquire a large amount of data with multi
channels, such as 21 channels, faster than about 40 km/h driving. Amount of the data has become larger
and larger. The accumulated surveyed road path is supposed to more than 150, 000 km.

Today, the experts take a long time to inspect visually such massive data to identify cavities. It also takes
years to become a skilled expert. These years, besides development of the new machine learning design,
the Machine Learning and parallel computation technology, such as Deep Learning and GPU frameworks
and computer hardware show drastic improvement.

Deep Learning approach is supposed to work with the acquired data directly and automatically. It means
that automation of recognition and classification of the types of reflectors with the acquired data directly.
In addition, the learning network can be improved with the accumulated training data less computation
effort as a transfer leraning. Such feature will fit the analysis of the GPR data for underground cavity
survey.

Iso et. al. presented “Processing of ground penetrating radar (GPR) data for underground cavity survey
by deep learning” , at the 135th SEGJ Conference in 2016 in Japan. It shows a possibility of the being
effective of usage of Deep Learning to distinguish cavities, metal pipes and others for 2D GPR
cross-section. However, this previous study, in order to classify the target reflectors, users need to pick the
specific reflection anomaly, the top of the shape of hyperbolic curves, manually. The classification result
failed in some cases, even though considering amount of training data is limited.

Purpose

The aims of new study are 1) eliminating the manipulation of users to pick the target reflectors and 2)
mitigating the errors of cavity classification, with the new Deep Learning network. Besides the limited
training data, the problems are supposed to be caused by the limitations of the Learning Network design
in the previous study. It uses Deep Neural Network with the hidden three layers as a Deep Learning. This
is a simple learning network, and it may not be fit to find out the target objective in the large image region.
The new study uses the Convolution Neural Network, CNN, design as a Deep Learning to distinguish and
locate cavities and the others. The CNN is one of the feed-forward artificial neural network and widely
used for 2D image recognition in the other industries these years. The study bases the real acquired data
for training images and evaluate with the other set of real 2D GPR data.
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Conclusion / Discussion
The results are compared and discussed with the previous study to the recognition accuracy and
efficiency of training effort (CPU time and training images) for initial training and transfer learning.
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Detailed GPR survey for delineating boulders buried in a roadbed of a
highway under construction
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Resistivity monitoring of water-leaking paddy field filled with water
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A large earthquake causes high hydraulic conductivity zones in the soil and the high hydraulic
conductivity zones of soil often lead to leakage of water from a paddy field. Although the locations of
infiltration have to be estimated, the locations cannot be observed from the surface. Electrical resistivity
survey can provide spatial geological information non-invasively because electrical resistivity is strongly
affected by the level of water saturation in the soil. After the 2016 Kumamoto earthquake occurred,
although the amount of leakage from a paddy field increased, the location of infiltration was not observed.
In this study, resistivity monitoring of a water-leaking paddy field filled with water was conducted. A
resistivity change derived from 2D inversion of resistivity survey data was small beneath the paddy field
and the resistivity beneath the bank of the paddy decreased 4 hr. after the start of filling with water. Since
some rain occurred before the filling test, there was a possibility that the high saturation level caused no
change beneath the paddy field. However, the resistivity beneath the paddy flied decrease 24 hr. after the
start of filling with water.

These results suggest that the leakage occurred beneath the bank of the paddy rather than beneath the
paddy field.

This work was financially supported in part by Science and technology research promotion program for
agriculture, forestry, fisheries and food industry.
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Imaging of the internal geophysical structure by means of near surface
geophysical surveys at a road embankment failure site.
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Geoelectrical monitoring of changes in water content in an
embankment using a large-scale rainfall simulator
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Case studies of the survey of induction method using GEM-2 -- along
the sand beach and above the intrusive rock --
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GEM-2 is the electromagnetic instrument used in this study. Since it can simultaneously operate multiple
frequencies in the broadband domain from 300 Hz to 96 kHz, we will be able to estimate the distribution
of the conductivity to the depth direction. The purposes in this study are detection of the boundary of
freshwater of the creek and seawater at Katsurahama coast in Akita city and examination on the anomaly
of the electrical conductivity above the intrusive rock at the quarry site in Sugisawa, Daisen city, Akita
prefecture.

On the exploration at Katsurahama coast, the freshwater of the creek has the characteristics of the low
electrical conductivity of O to 40 mS/m. On the other hand, the high electrical conductivity is seen on a
part of the western sea side. The change in the low conductivity to the depth beneath the creek cannot be
observed, but on the part of the high conductivity on the sea side the change to the depth can be
detected. The conductivity is higher at the shallower depth compared with deeper place at the part of the
high conductive western sea side. | consider that the high electrical conductivity of the shallow sea side is
more influenced by the invasion of the seawater.

At the quarry site in Sugisawa, the anomaly of the low electrical conductivity surrounded by the high
conductivity is seen above the intrusive rock by the exploration. The distribution of the high electrical
conductivity is considered to be due to alternation and mineralization in the contact part of intrusive rock
and pre-existed rock. Examining the tendency of the depth change of the distribution of the low
conductivity surrounded by the high conductivity above the intrusive rock, it is said that the structure
change cannot be seen to the depth from 5to 19 m.

| understand that the resolution by the exploration using GEM-2 is excellent at shallow depth, but that
GEM-2 is easy to catch the noise when the exploration depth exceeds 10 m. In other words, GEM-2 is
easy to catch the noise when we operate it with low frequencies. It is sometimes necessary to remove
noises on low frequency operation. In this study, | successfully remove the noises and improve the data
with taking the median values and using the running mean method on a finite length of data section.
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Changes in phase velocity of Rayleigh waves at the Hinode area, Itako,
Ibaraki, Japan, due to the construction by the ground water lowering
method: A case study of the miniature array analysis of microtremors
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mht, WEHANICEZSEREOEEIHMIESREFIREL R U9 -V aERTH, HOHMREO
5~6mLEURICIR > TIESKEEAENBICED - 2 (REHSR).

BOHEMRDZRIICOVWTDHAEEEBEDTISGESNZZ EITEEMICIXBRATHY, BINHEETLAD
RTFUvov )V EHEIHIRERTHS. SBRITLSVEENITHBINMIET L 1 OIEEERAEARTTEFET
HB.
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FEEATNAETEH. EEBIITREBICE T BB TKDIEK - KKD
va it

Distrubution of saline-freshwater in shallow groundwater in the lower
reaches of Nabaki River, the Kujukuri Plain, Chiba Prefecture, Japan

Rk AN, E B Rk BRRE'. Bk RsER

*Yuka Ito', Xinren Zhang', Tomochika Tokunaga', Katsuro Mogi'

1. RRKRER LB AR 7 2R

1. School of Frontier Sciences, The University of Tokyo

FER, ATABETEHFOBRICHET 2mA8)IITAEIE, BFLE I3 R/N2RETNDoH, mHk
IIET AL SBKNFANITRAT 5, SHICATNEFFRIAREROBBIL T THY ., FFTERE
SERDORRLTEIET4.86cmEMESNTH W HBEIL TICK ZMRRELZCADTE L LT, HTKDEK
EDOFRREMDAZFEITOND, TR AIC, MWL TERKILEDREFREEZL D ETET. RAKMEHTKEBKYE
MWTKODHE L CREANA BRI TKICEZBHEICOVWTEEY 2UENH S, TITHRFRTIE, i
TKDIBKIEHETME LT, KEBTKOEXRKRROEBAHFOLIEL, HTFKDEKETALZICON
TESRBELKERBEICIYRFZH IR >TWVWD, NI TILESKEEIR. mER/ITOREL TER5FH
SEM28F1TRETOHMIC, FH16EMTEREL ., EXREDAEIR. HERZRTREICEIYSEZ
Rofc, MITLLETMMEOLHLSIE,. 2N ERE LT TR (3~5m) [ZEEHREIS <. TR
%(%&JmiUu%)m@ﬁﬁvtuﬁﬁ%ﬁ%%hTBU\ﬂT%%EM%KﬁﬁEL\mﬂMﬁﬁF#
BWTKARHETEEEALOND, —AT, —EOMIFICEVWTIEIEABIIN SN ICRE>T, BRED
BUWTK (EEERRE) MBI SRBALERT 2L 500/ 2T L. ZOERD—D & L THS A

DHENTREINT,

F—U— R :BEARI HIERRE. 18K - KK REHBTK

Keywords: Nabaki River, Resistivity survey, saline-freshwater, shallow groundwater
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S EICH 1T DNMRIRE & GPRIC & % 7K E DFFM
Characterization of the aquifer at Tottori sand dunes using NMR and
GPR sounding

YN TR B IR AS BT 2/ E—°
*Chisato Konishi' , Kunio Aoike' , Takayukl KAWAIZ, Kuroda Seiichiro®

1. ISARERR R, 2. RIKZE, 3. RIS
1. OYO Corporation, 2. Tottori University, 3. Institute for Rural Engineering, NARO

ERAZEZRMAR LY 4 —ICB VT, HTFKFKEDFTHE % BHICNMRIZE & GPREZEME L 7=, NMRIR
Em WRICRBLAEL—TROTA WD SHTICERR/NIILAEZEL. FKBRADKDEBFHSDHE%E
S5 ETHRMSIFBIBRTHTAKBKBORE. BE. BLUORBEEKKEKRDZIFETHZ, BoNE
eﬁFMM%Lm%Tétw HERRIS & AW 2R 5 ONMRIZEDIFE. EBICESHEN NS KR
%, FDH, EfE/ A XL RIHAEVEHEAEMTITAEN R S L B84 ﬁ%m EIRAZOEIEMFR
VH—EBIRHEOHROHASHTIBMICHELTHY., /A XTRAIY—ICLDERHM/ 1 ALNIVOBIEES Z
NI ENE LA 1D, AERELRSEENTH >, BEEEIX. 1035mODEAFRE2DHEAEDLEL
SNFHEE L. A—aAM N ERAWVEEZREICLYI2ZBED/NNILRAE—AY MNERAW YO YTV T %
To7, JAIEEICIZ/ A XDBAD DRV, BRERKBERT—YDHE250ERERFL. RYvFUJIC

LUESDS/NOBELEER >, ZOER. HED/NILZAE—XY NTNMRESDHHUTH 2 RRIES &R
Lz BONAHERZIBEHEICLZETY VIRRELRLZEZ S, FEEIOMMEICEMDOTEKEBLNH S &
WEINE,

GPRLi;E%LLxF?&(mL,L&%i‘J%tTf%i% MNE L, FICHBARHERGEY., LA HTELEO%
BICIEREREIIISICEL RS, LIALEZEBHAREY S —HOWED L D IC. FEEICHERDHIE
mmtﬁ$LTV6$OE% ICIE, BEREIBRERISES< Y, FHROMTKAZRETEIEEAREER
%, SOliE, RORREA3SMHzO 7 v T+ ERWERR100mO 707 7 1 VAIEE1TL., & 5ICCMPHE
EICL Y BHREE A RO CREMEAERK L7, GPROEEMERD S, FEE29~30mHiaEIC s FKE I
5 2RETENERL TH LN, ZOMTKADREIR. AEICEEST 2HFOKMEAKBRESEBALT

W=,

mmﬁﬁ@%%#BMﬁi%mtauéﬁmE@LE%EtBB;%@EEﬁEET%% —7%. GPROD#E
B, FKEDOLEEREA ZRTHICIBETZ %2, BFEE2MHAEHLER I &LV, EEMFICS VT
R EKBOTEMITREICARZ EEZOND,

F—7— R : NMRZR®E. #tishL—4, #hFK, BE
Keywords: Surface NMR, GPR, groundwater, Sand dune
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