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Geospatial Information Authority of Japan (GSI) has been operating CORS system involving over 1300
GNSS stations, called GEONET (GNSS Earth Observation Network System), since 1996. The daily
coordinates for each station are estimated by Bernese GNSS software to monitor the crustal deformation
in Japan. The analysis strategy was updated three times. Current version is called F3, which was
established in 2009. We are now developing new strategy (F4), because the software, reference frame,
and other physical models used in F3 have been obsolete. Major topics of F4 development are 1)
Updating reference frame, 2) GPS and GLONASS integration, 3) Improvement of the troposphere model,
and 4) Stabilizing the daily coordinates of the reference station (TSUKUBA-1) for the whole GEONET
analysis.

In this paper, we focus on the topic 2: GPS and GLONASS integration. Only GPS was used for F3 or older
strategies. However, the receivers and antennas in GEONET were already updated into the
multi-frequency type in 2013, preparing for the multi-GNSS environment. Furthermore, the final orbit for
GLONASS provided by IGS has reached almost the same accuracy in comparison with the one for GPS
(according to IGS web site, “3cm for GLONASS and ~2.5cm for GPS). Such circumstances enable us to
process GLONASS data by Bernese software. We process GPS and GLONASS data independently to
estimate the ambiguities, and then combine the solutions with normal equations. The result based on
GLONASS observations data shows the apparent fluctuation with the period of 8 days that was not found
on the GPS result. Such a phenomenon is significant for the stations apart from the reference station.
Several IGS analysis centers using GLONASS observations reported the same phenomenon that seemed to
be caused by the GLONASS constellation geometry (Ray et al., 2013, Rebischung et al., 2016). We discuss
the method to suppress the apparent 8-day fluctuation in our presentation.
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On the Interpretation of oceanic variations in terms of ocean bottom
pressure

A Eh', FEE =R TR AW Henrys Stuart’, Wallace Laura®, Bannister Stephen®, &
B AR, BEF =X #AF

*Tomoya Muramoto', Yoshihiro Ito', Daisuke Inazu?, Stuart Henrys?®, Laura Wallace®, Stephen C
Bannister®, Kimihiro Mochizuki®, Ryota Hino", Syuichi Suzuki®

1. RBREFKARANBHREFMFRE Y §—. 2. REUBFAFZZMMARFUEFRIEFEM. 3. GNS science, 4. Hit
RERFRIEZMAR, 5. RRAEZMEMRAMEFMHELY S —

1. Research Center for Earthquake Prediction, Disaster prevention research institute, Kyoto University, 2. Department
of Ocean Sciences, Faculty, Tokyo University of Marine Science and Technology, 3. GNS science, 4. Graduate School
of Science, Tohoku University, 5. Earthquake Research Prediction Center, Earthquake Research Institute, The
University of Tokyo

SSE is the phenomenon that rupture progress slowly compared with regular earthquake. Many examples
are reported all over the world. (e.g. Yoshioka et al., 2004) Also, this phenomenon was observed before
2011 Tohoku earthquake. It is thought that deformation in the SSE area at the time of the main shock
contribute to tsunami damage. (e.g. Ito et al., 2013) In general, the detection of SSE on the subduction
zone, especially at the shallower part is difficult using only GNSS data. Therefore, the study for the sea
floor crustal deformation observation and monitoring are receiving attention recently. Among them, the
observation using Ocean Bottom Pressure Recorder is useful for observing crustal deformation due to SSE
at a point where it can observe pressure change including vertical crustal deformation component in high
resolution continuously. On the other hand, to extract the pressure change due to crustal deformation
from Ocean Bottom Pressure Record, it is essential to understand exactly what caused the observed
pressure change.

In this study, we consider about the factor of sea floor pressure change, especially temporal variation of
several months to annual cycle from observed data. In this study, we use observed pressure records which
spanned from June 2014 to June 2016 at off the coast of north island in New Zealand and Kumanonada
using independent type Ocean Bottom Pressure Recorders. By using Baytap-G, we calculated the tidal
component and subtracted it from the raw data. Then, we calculated sea-level anomaly (non-tidal oceanic
variation) driven by air pressure and wind using barotropic ocean model. Comparing with Ocean Bottom
Pressure Record after removing tidal component and calculated sea-level anomaly using ocean model, we
found that there is a long-term component included in the Ocean Bottom Pressure Record that cannot be
expressed by calculating ocean model. This long-term component’ s amplitude is about 1.5hPa and has
about a 90-day cycle. In evaluating the pressure change derived from crustal deformation due to SSE, the
amplitude of this component we detected in this study cannot be ignored. In this study, we consider the
origin of this tong-term component from multiple viewpoints such as gravity observation satellite GRACE
or tide gauge record etc. As a result, we found that there is a “Fluctuation” which can be approximated
as summation of harmonic mode. After subtracting the long-term component we identified in this study,
we detected crustal deformation due to SSE at off the coast of north island in New Zealand. Then, we
estimated fault slip due to the SSE from vertical displacement observed by Ocean Bottom Pressure and
horizontal displacement observed by GNSS.
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We present an overview of 1) GPS data, analysis methods, and derived products from the EarthScope
Plate Boundary Observatory (PBO) and other large scale regional networks including decadal position
time series, velocities, and other parameters for 2000+ continuously operating GPS stations distributed
throughout a quadrant of Earth’ s surface encompassing the high Arctic, North America, and Caribbean,
and 2) high-rate real-time GPS/GNSS data streams available from 700+ stations operated by UNAVCO. All
2000+ station data are freely and publicly available as RINEX files. This continent-spanning distribution
represents an essential contribution to the current high-precision global geodetic coverage, with a rich
data set collected over more than a decade.

The Geodesy Advancing Geosciences and EarthScope (GAGE) Facility, operated by UNAVCO, provides a
diverse suite of geodetic data, derived products and cyberinfrastructure services to support community
Earth science research and education. GPS derived products are generated by two Analysis Centers, at
Central Washington University (CWU) and the New Mexico Institute of Mining and Technology (NMT), and
an Analysis Center Coordinator at the Massachusetts of Institute of Technology (MIT). GAGE GPS data
analysis involves formal merging within a Kalman filter of two independent, loosely constrained solutions:
one is based on precise point positioning using GIPSY/OASIS (v6.x) software at CWU and the other is
based on a network solution from double-differencing produced with the GAMIT (v10.60) software at
NMT. The primary data products are station position time series that show motions relative to a North
America reference frame called NAMOS8 (IGb08 rotated to a fixed North America Plate), and secular
motions of the stations represented in the velocity field. The position time series contain a multitude of
signals in addition to the secular motions. Examples of time series displacements due to geophysical
phenomena such as coseismic and postseismic signals, as well as seasonal signals associated with
hydrologic processes, are presented. Examples of displacements resulting from anthropogenic
phenomena and site maintenance events are also shown.

Position time series, and the signals they contain, are inherently dependent upon analysis parameters,
such as network scaling and reference frame realization. The estimation of scale changes (a common
practice) has large impacts on vertical motion estimates. Reference frames and realizations evolve
through time, and on 29 January 2017 (GPS week 1934 day 0), the IGS switched its operational products
to use the IGS14 system, replacing the current IGb08 system. For GAGE, our plan is to reprocess all data
from all 2000+ stations and release a full set of time series in NAM14 and IGS14 reference frames when
the reprocessing is complete.

UNAVCO also provides high-rate (1 Hz), low-latency (<2s) data streams from 700+ GPS/GNSS stations
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from the PBO, COCONet (circum-Caribbean), and TLALOCNet (Mexico) networks as well as networks in
Nepal and Tanzania funded by the U.S. National Science Foundation. Some of these stations have been
augmented with accelerometers to facilitate studies of broadband waveforms. Beyond increasing uses for
science and engineering, real-time GPS/GNSS data streams have the potential to significantly enhance
Hazard Early Warning applications.

Keywords: Geodesy, GPS/GNSS Networks, GPS/GNSS Data Analysis, Hazard Early Warning, Plate
Tectonics, Deformation
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Global sea level rise has caused many disasters, damaging the lives and property of numerous human
beings, especially in low-lying coastal regions. Therefore, understanding and monitoring coastal sea level
changes are of great importance for human society. The traditional method to measure coastal sea level is
using tide gauges; however, the records consist of vertical land motions and sea level variations that are
difficult to separate. Recently, Global Navigation Satellite System (GNSS) reflected signals are widely used
for determination of soil moisture, snow depth and sea surface height. On the other hand, GNSS
Reflectometry (GNSS-R) technique based on the analysis of Signal-to-Noise Ratio (SNR) data has a great
potential to derive local sea level height variations. Taiwan is an island and most populated cities are
located near the coasts, where sea level rise has a significant impact. Therefore, accurate estimation of
sea level changes around Taiwan is extremely important. In this research, we aim to assess the feasibility
of GNSS-based tide gauges in Taiwan and develop a procedure to improve the accuracy of the sea level
variations derived from GNSS SNR data. The procedure contains (a) constraints of GNSS station azimuth
angles and elevation angles (b) sea level variations derived from all satellites using the dominant
frequency of detrend SNR data by Lomb Scargle Periodogram (LSP) (c) constraint of sea level heights
using tidal harmonic analysis (d) inverse modeling of detrended SNR data through nonlinear least squares
adjustment. In this study, GNSS SNR data from Kaohsiung, Suao and TaiCOAST sites were used for
retrieval of sea level changes and the results were compared with co-located or nearby tide gauge
records. For comparison, standard deviation of differences between tide gauge and GNSS-derived sea
level and correlation coefficient of the two time series were used for assessing the GNSS-derived result
and the adaptability of the processing system.
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Satellite radar altimetry has been successfully applied to accurately map global sea surface topography
with weekly to monthly sampling during the past 2-3 decades and progressively extended the
applications for interdisciplinary field like geophysics, climate and earth science. However, retrieving
accurate measurements over the non-ocean surfaces remain a challenge by reason of variable land
contamination adjacent to the desirable targets. For solving the problems of complicated waveforms from
diverse surfaces, the recently launched advanced altimeters, including SARAL/Altika (Ka-band altimeter),
CryoSat-2 (SAR Interferometric Radar Altimeter, SIRAL), Sentinel-3 (SAR altimeter) and Jason-3, were
expected to improve the drawback of satellite altimetry in variable surfaces like coastal and land regions
by the developed instruments and higher spatial resolution data. In this study, the multi-mission altimetry
data including Envisat, SARAL/Altika, CryoSat-2 and Jason-2 are used. The complex returned waveforms
over land surface or near coast are to be retracked by respective optimal waveform retracking algorithms
pertaining to each altimeter system. In order to make more efficient retracking work and eliminate the
serious contamination waveforms, we will build an innovative waveform classification method to exactly
classify the ocean and non-ocean waveforms based on its physical property over seacoast region before
retracking. Eventually, the retrieved heights will be validate with available in situ measurements to
demonstrate interdisciplinary scientific applications over or near Taiwan.

Keywords: Satellite altimetry, waveform retracking, waveform classification, SARAL/Altika, CryoSat-2,
Envisat

©2017. Japan Geoscience Union. All Right Reserved. - SGDO03-06 -



SGDO03-P0O1 JpGU-AGU Joint Meeting 2017

[ BRFRE DRI E#EEIZ R (GGRF) | OMILICT T /=EEDEE
Activities of the United Nations for the enhancement of Global
Geodetic Reference Frame

=1zt 4

*Basara Miyahara'

1. BX @A E L thiER
1. GSl of Japan

EEHRRE, 2015F2 A26H, MEKKREOAMEERIEZER (GGRF) MR, &%, BEICRARGERS
VISTHBIEERDT, RE [FHHEARERBEREOALODOHMIKBED B EAERFIZR | 2R LE. ZDR
EiE, AMFEOSEF THIKFEDOESE LRV EAZTOEENH 2O TROEERRRET, MBEICE
% L CGGRFODIEE, HIFAITOI I EAROTWVWS. RETIE, O—RYy TEHERL TREBERITTSZ
&, BEEORM, ghAKERIETZI L, RENEREZF >TEEDRMEBRNEZREZI &L, 6D
DRBIXDNFRIRS N, REBICEDZ, EEMKREOHIEBETEEREEICAT 2EMAREESR
(UNCE-GGIM) HF&E L FESalO— Ry TR L, O— K<y 7iE, 2016FE8HICIE, FH6E@D
UNCE-GGIMEAICEWTERE I N, O— KTy T, RETRINALZS5DODIEE, fr o35, B
- ZH BB -EEORR, BR-7OMN)—F, ANFURICALT, BELGCGRFOEBEEMREETI D
AT, BRTEDLILBBRBIH 2D DT HEEHIC, TORELBRTIARERELTL

%. UN-GGIME 6 BEA T, FXEEHLAEEUN-GCIMDE EICAKXDEFZES (sub-committee) & L THEHE
L, BlEmE, O— Ry TOWEIBEEA2EHET 27-ODEREEEZFERT I E2EKE L. §%
&, O—RYy 7O5EBICDOWVWT, EZERNERBETBEIOIER % L, GGRFOHMERFICH T/ EHELTH
N2FETHE. ELHIERIE, FEPBEDOAVYN—ELTA—RTy TOERICEBT 2 EHIC, BIEH
XNEREESICSML TERETEOERICEB L TWL . BRTI, BHITRELGGRFOERICAEIT-EED
EENORRERET S.

F—7— N HEKREORIMBEEEER, BFEES. GGRFO—R< v 7
Keywords: Global Geodetic Reference Frame (GGRF), the United Nations, GGRF Roadmap

©2017. Japan Geoscience Union. All Right Reserved. - SGDO03-P0O1 -



SGD03-P02 JpGU-AGU Joint Meeting 2017

HRE - SFREEARCNSSEERITY R 7 LADEEICET 2 FHEE
Preparatory research on the development of rapid and accurate GNSS
routine analysis system

*th)l| Bhz'

*Hiroyuki Nakagawa'

1. BX @A E L thiER
1. GSl of Japan

E T hIEPEiE. GEONETTEISESNAGNSST—49 = EEMICAET L. BALEOHBREEAERL TH
Y, ZOHRIZ, MWEFEEZES. MEMKTFRIEBHERICEVWTIIMEREYZDEROKWEFHICE
ZMBEET—4,. MEET IV ZRELBEFTHOTMEFICFAASIATULS & &HIC, MUBEKFTREERIC
BSWTEHEFBXMUDWAEDEALDERP. BEAKEFOBEAEEIDHRBERICS (T 2ERNRERE L TERINT
W3,

LA LR EBOERICEVWTIE, BEOTEERITOMEE%E S > T L TEREECIRBEOBELNT+2725
BEHD, BRTIE, ot MAELRQBTHEREMBERIBONZIOAT—YESHEIBHRETH S, HlX
i, EX28F4B14ARICHE LIZREAMBICSWTIE, HBEHIFRNESNDITER15ADEIC
motz, WERAEZERORBRIIBERMEREDHHRICIIFHBEIND O, BEICE > TIHBREEE
WARETEZ T, HEROEENEN DAL H > 72,

¥z, BRTIE. 5o & EHEMMRENTSWVWEEQIBTH D, Th THRESMEEEIT6IETH 5, A
HETIET4BDOME.5OMEDIFERICEZDHREDORENRELTHEY. REICL2MBEEBEELTVS
EEZ N, 15HFROERIFRICIRE LR ESHFRICSE VW TE. ME.SOMEICKL 2B EEE RE
IC& PMBEEFEDBMTEY, HMERDOIBEICEKENH o7, I 51T, KUIZEWTEAXNERIO AR
&, BREOIEEERTZICE. BROEERTIEHBIMBENTRLTEY., KUFEHOTHMAICZES =
=9 rlBEED D B,

RROEEMT LY HREY - BESMELALIE, N OBEORLEZLIRVEITEE L GEEEE
TNTWVWB DM FEREMBIAI(Precise Point Positioning; PPP) &M EN 2 FETH B, Tk, GNSSEHEDFE
BREHES LURKBEREAVT, R CTEMAMLAZTOEDTH S, PPPERHVNIE, BERICDAVWET
BEWNT, 1TRYITEDNBAEHRTESZ I ENRHTH D, IS, IF. BEEICER D MHBIRH/ 1
7 A (Fractional Cycle Bias; FCB) & MEN 2 IEIBERAZEIMT 2 2 & T, PPPICEVWTEROBH A BEML %
RE T B (Ambiguity Resolution; AR)Z & A A[RE& 7R W) (PPP-ARJE) . MEXTRIGIICIE#R Y 2EE % Ht % A6
MNEL B2z, I BHICPPP-AREICIE. BEARME CLEBAMBREENRELZHRICOVWTE, EFEHE
ROBMNEBEICEETIBEERNTETHDEWHFREH 2,

IDEIBERDOH L, ELHIEFRETIE. PPP-AREZR—RICIHIEDOEEREITL W £ 0ZE - BFEER GNSS
RTFFEERAREL. HEDGEONETERBFAEEL CINERELATONIA TV RTLERETEZ &
BME T 255MRE. 2017FEE L YIEFBETHA LKL, ZOMRTIE. GEONETOT#MMET—4 &AW
T. EEMHOREMIC, 1RERTKEAADIESDEMIcmDBRE, T—FINEDH2ERESE TICEHRT
2ZL%BEELTWVWS,

AFEETIE, BERSPOBFTY AT LOERE LV, TNETICEEL ZFRERMROBEREZBNT %,

F—7— K : GNSS, PPP-AR. GEONETE&f##r. GEONET
Keywords: GNSS, PPP-AR, GEONET routine analysis, GEONET

©2017. Japan Geoscience Union. All Right Reserved. - SGDO03-P02 -



JpGU-AGU Joint Meeting 2017

SGDO03-P03

25 8 1 R D3 R BB B A D 7 5 D BT B — 2B BB 85 13 B SREFE

Eﬁ_

Technical development for expanding availability of GNSS precise
positioning in urban environment

SEHF MRS EE SR B CET. M s, LR B 80 i ek K. it R

*Kazuki Sakai', Tomoaki Furuya1, Yohei Hiyama1, Yuki Hatanaka', Hiromi Yamao1, Yuki Kamakari

' Yudai Sato', Hiromichi Tsuji'

1. B L thiBkz
1. Geospatial Information Authority of Japan

E iR Cld, FHR27FELY, BEREEAMARMEAR IO T/ ~ IBRTHBEBEREZFALL
ZE - Tb - REVHESEROODOKMERE] (FH27~29FE) ICRWHBATWS, 2DI5. TEH
SRTEBMICE T 2REEEAMCOERBELAD/-ODORMAR] & LT, @HEAIOBEICEREEZR
BIBBENLNFICLZTILFRRIIDVWT, VI MY T7HRNERICE WHEERRT 270 DORIMBER%

?i-j W %)o
HEEBRTIFEICEATIRITHAROAEZITV. ThOHDMRPHEEEZFD

ER2TEEIE, VILF/IRADFE
Bansb, FRRDIODOFEEREL. AREZMALRIIA IOV S L%5BHEL
1) EEBEICK 2FHERR

2) IRTEMBERISER LA AA 7Oy ML BHEERER

3) Ry FS—ERABICE D BEEBVW ZRERE

4) Ry FS—BREICE DK EFELAVW - EERE

ERH28FEL., EERMATOREAMIEEREBHERICEWVWT, HRALEHEREBICS TR ZEMNE
L. 450BASICEWTI2ERREENEER LA, T/ HRLAERKRICBIT2RIABMNE L, 235DEH
BRICEVWTSOEEBREERELE, ThODBANSBLNAET—FICT L., FR27TEEIEE LEZFE
AT S & T HRABEAFREICE T2 FEDOFTEZ1T > 7.

AERTIE. EXR28EEEXTILBONLERRRUVSEDEEICOWTHRET 2.

F—7— K : GNSSHIfL. <ILF/IR, ERiER
Keywords: GNSS positioning, multi-path, urban environment

©2017. Japan Geoscience Union. All Right Reserved. - SGDO03-P03 -



SGDO03-P04 JpGU-AGU Joint Meeting 2017

ITRF20T4EEEIZER &IGS147 ¥ T F A IC & 5 GEONETERAIFED
AR

Analysis of GEONET network data applying ITRF2014 reference frame
and IGS14 antenna PCV model
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2016 EFRKDPIMERICE VW TEEIL, ITRF2014EERICEVWTHABIDOIGSE B A DEZRNMED L S
ICRIFEh, ITRF2008EZEZRMNS ED LI ICEFEINZDMNICDWVWT, ITRF2014EZERIC & 52 GEONETEA
KRDpreliminary R fEMTER & & 61BN L L.

—7%, IGSIZ20178F1829H (1934GPSiE) H 5, HIEFIZER%ITRF2008H 5ITRF2014EZERICEIY &
%% (IGSMAIL-7399) . IEEREICIXITRF20T4EZERICEDVWAEIGST4E WO B OEERERAT 3. F/A
BFIC, ZEBRVBEEDT V7 HUBERE%IGS08HNSIGS14ICTIWE R 5.

SODERICEY, EICEHET7 VT TOMEHRDLDOERICLY, 04ppbBEDR T —IVEENELS. F
Tz, < DRE/TVTTOXFvYITL—2aVvaEPYEBELELIEICLZMBHRLOEREL,S, ETFROT
10mm, KEMRD TEMMBEDEEEROAF 7y MHAELZEVWHNRTWS (King, FAfE) .

IGSIEN DT, 2011E4811H (1632GPSiE) H 5 ELEFEIZR%ITRF2005H 5ITRF2008ICHIW B Z 7- &
XICH, BEMRUVEEDT7 VT FHUBEMEEIGSOSHSIGSO8ANETYEZLT. TDEEICE, EICT7VT
FTHRERDDEWICE ST, MippbD R —ILELE EHIT, BEZEERICETHEDT3Imm, KERHRSDT
1.2mmi2EDA 7ty A4 L7z (IGSMAIL-6354) . —7, GAMIT/GLOBKZ 043 Al & 2% - RiEH

EROA 7ty hAELE (BHE, 2011, 2012) . FA—/N)bxy M7 —7 OfFH & GEONETE BB DR

ETHRRNERDZDIE, GEONETERAANMHMBEDL R—LAZFEBALTWSHIC, 7Y T HABEistEEELib

HEEARBICHREAERIAS KD EEDTH DD 210, ELHIEFRIXIGSOSAIERFIE L RO TWARLD

T, BEENMMBIC, ELHIBERRA KD ZIGSOSAIAERFME & IGSH KD T W 2 IGSOSAIHEFIE & IGSOSAIEFIE &

DEHNDL, BEICGEONETERIRDIGSOSMERFMEZHEE L THWTWSHENHZEEZOND.
KIFETIE, IGS14NDENY BEZM1THN 52017F1 B29HRI% K 4B DGEONETERH = D T H

5, GEONETERAISDEZERD R —IVELRVOA 72y NEBELSMNCT 3.
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Soft Computing and Conventional Interpolation Methods in Geoid
Modelling: A Case Study in Istanbul
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1. Istanbul Technical University, 2. Bogazici University

Geoid is the fundamental geodetic infrastructure for rational use of Global Navigation Satellite System
(GNSS) technology. For this reason, definition a "cm geoid" is an actual subject in all countries.
Development of geoid modelling is based on geodetic, gravimetric and astrogeodetic techniques, which
are maintained using the geopotential models produced by the combination of gravity measurements,
astrogeodetic vertical deflections, GNSS/Levelling data, satellite gravity data, satellite altimetry data and
the combination of these data. GNSS/Levelling geoid determination has great importance with regard to
the transformation of GNSS-derived ellipsoidal height (h), into the orthometric height (H), which is used in
engineering projects and determined by levelling. Instead of levelling, which is an expensive and
time-consuming method, orthometric heights can be calculated by using a well-defined geoid models.
These geoid models enable us to compute the geoid height (N), which is the difference between
ellipsoidal and orthometric height values (N=h-H). Then orthometric heights can be computed using
these geoid heights and known ellipsoidal heights. Therefore, this will reduce the measurement work in
the basic land surveying to a great extent and make economic contribution. In geoid modelling several
methods can be employed. Such a geoid model has been developed for the metropolitan area of Istanbul
city. In this context, Istanbul GPS Triangulation Network (IGN) and the Istanbul Levelling Network (ILN)
provided reliable data, ellipsoidal and orthometric heights, respectively. This study focuses on the
development of Istanbul geoid model with soft computing techniques and its comparison with
conventional interpolation algorithms used for modelling. For this purpose, geoid heights in Istanbul
metropolitan area have been computed by soft computing methods, namely Adaptive Network based
Fuzzy Inference System (ANFIS) and Artificial Neural Networks (ANN) and modeled by twelve different
interpolation methods. For computations and modelling in the study area, homogenously distributed
1005 model and 178 test points were selected. These are the common points in IGN and ILN whose
latitude, longitude, ellipsoidal heights and orthometric heights are known to construct ANFIS and ANN
models in Istanbul. To construct these models in model and test points, latitude and longitude are taken
as inputs and geoid heights are taken as outputs. The results obtained from ANFIS and ANN methods are
quite satisfactory. The model derived orthometric heights were compared with the known orthometric
heights for model and test points. The standard deviation has been obtained in ANFIS as £4.3cm and +
4.0cm for model and test areas, respectively. On the other hand, the standard deviation in ANN model are
+4 cm and 3.1 cm, for model and test areas, respectively. In addition, conventional interpolation methods
as modified Sheapard’ s method, radial basis function, Kriging, Nearest neighbor, minimum curvature,
inverse distance to a power and local polynomial yield better results than ANFIS and ANN in model and
test areas. The others interpolation methods such as polynomial regression, moving average, triangulation
with linear interpolation, natural neighbor and data metrics yield worse results than ANFIS and ANN in
each area.

Keywords: geoid modelling, soft computing, interpolation methods
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The Geoid High and Temperature Variations near the CMB
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Anderson(1982)I&African super plumell & L TPangeaX[E(330Ma)DFEKREICT A1 KHA40mLER L 7=
ZE&%ERL, ZOTADPSLDEREZTRE LTc, BURFITHMIKOBKEICEFR L. RZROBRRICEEFKRLTWL
%, WEDEEIL2.7Ga (Hale,1987;Kumazawa et al.,1994) E S b N THELH. 1GafhHEE DIEHFENH %
(Labrosse et al.,2001), HEWEBMISAZDOTERE 235 km $ £ U375 km H SIREDORKIER £ TOH K
BAPangea KEEEDHMKICIEWEERE %2R, SOikPangea KIEEATR I Ni-1%,. #&%-7 >~ MILEFR(CMB) %@
LTRILDBAROFENTY MLOIF A RBICHEEZRIFLTVENE >IN ELOLRS, ZOREILE
HAmY7isuperacontinent cycle "CMBIC S T 25FE TR I 5 Z L IEFRABETH % & SN T L3 (Phillips and
Banga,2007)h'. W DBREREZEE L THEZE%H# %, Phillips and Bungeh it R % & 5 (. CMBH 5 DE
RERDFEINIVATY MLADT /e BREOERIIAREL, ¥V ML TITBORRBEICKET
%, AndersonMitR7~=TF 4 REEET 2 BERIZNT1/500kmEEZ 5N %, Anderson(1982)IFAfrican
super plumelZ W TPangeakBE(330Ma) DR BICT 1 RA4OmMER LA EERL. ZOTADSDE
mERE L7, BRRIEHROBKBICEARL. AKORRICEEAKRLTWS, IROF#IL2.7Ga
(Hale,1987;Kumazawa et al.,1994) & Eh N THEEH. 1GafhiE & DIEFH H % (Labrosse et al.,2001), FHL
FhIIAKDTERE 235 km & £ U375 km M SIMIED AR F TORFFE N Pangea KEEZE DR IZ I
WEE %Y, SOldPangea KEMNTHR I N/=E. -7 MLEFR(CMB) A& L TR S DEGRROTZEN
IYMLDIAA RBICREERIILTWENE I D %ELERS, ZOBEEILEEM A superacontinent
cycleCMBICH T ZFEN TR I B I EIEARARETH % & N T L3 (Phillips and Banga,2007)A%, AR DMK
REZEB L THEZ%3 A%, Phillips and Bungeh iR 2 & 52, CMBHMSDEFREILDEEIZ/NI WA
Y MILADT /e BREEXEDERIFRKEL., YV ML TEORBEEICKET %5, AndersonDikR7zIF4 4 Rig%k
£ BRMERITNT/500kmeEZ BND,
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Design and operation of a 1.5-km laser strainmeter installed in the
KAGRA underground site (ll)
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Laser interferometers are widely used for precise measurement in experimental physics, engineering,
metrology, etc. In geophysics, as one of its applications, laser strainmeters are used for measuring
deformation of the ground based on accurate wavelength of a highly frequency-stabilized laser. The
advantages of the laser strainmeter over conventional strainmeters using mechanical references are high
resolution with a long baseline, resonance-free response with optical reference, and low-drift detection
using absolutely stabilized laser wavelength.

A laser strainmeter with a baseline of 100m was constructed in Kamioka underground site (Gifu Prefecture
in Japan) and has been operated since 2003. The observation results were reported in Refs. [1-4].
Construction of a new laser strainmeter, having a longer baseline (1.5km), was reported in [5]. The
strainmeter is located in a new tunnel for the large-scale gravitational-wave detector, KAGRA [6]. Along
one of the arms of the KAGRA detector, the laser strainmeter is formed by an asymmetric Michelson
interferometer with two retro-reflectors and other optics in vacuum. A frequency-doubled Nd:YAG laser,
emitting wavelength of 532nm and frequency stabilized at a level of “107'3, is used as a light source.
Fringe signals are converted to displacement between the retro-reflectors with a separation of 1.5km
using a quadrature fringe detection [7].

A test run of the new laser strainmeter started in August 2016, and strain data were obtained. Earth tides
were clearly observed and were almost consistent with theoretical waveforms, except for slight reduction
in amplitudes likely due to topographic effect [2]. Strain detectability was estimated to be ~107'%, which is
better than the 100-m strainmeter. Estimated performance of the 1.5-km laser strainmeter in comparison
with the 100-m strainmeter and other conventional straineters will be presented based on the results of
the test run.

[1] S. Takemoto et al., A 100 m laser strainmeter system installed in a 1 km deep tunnel at Kamioka, Gifu,
Japan, Journal of Geodynamics, 38, 477-488, 2004.

[2] S. Takemoto et al., A 100m laser strainmeter system in the Kamioka Mine, Japan, for precise
observations of tidal strains, Journal of Geodynamics, 41, 23-29, 2006.

[3] A. Araya et al, Analyses of far-field coseismic crustal deformation observed by a new laser distance
measurement system, Geophys. J. Int., 181, 127-140, 2010.

[4] A. Araya et al., Broadband observation with laser strainmeters and a strategy for high resolution
long-term strain observation based on quantum standard, J. Geod. Soc. Japan, 53, 81-97, 2007.

[5] A. Araya et al., Design and operation of a 1.5-km laser strainmeter installed in the KAGRA underground
site, in abstract of Japan Geoscience Union Meeting 2016, SGD23-12, 2016.

[6] Y. Aso et al, Interferometer design of the KAGRA gravitational wave detector, Phys. Rev. D, 88, 043007,
2013.
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Simulation study for crossover orbit analysis of Hayabusa2 (2)
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The asteroid explorer “Hayabusa2” launched in 2014 is currently sailing towards the target asteroid,
Ryugu, and will arrive there in the middle of 2018. Hayabusa2 will stay there for one and a half years, and
perform various observations.

For mapping of acquired observation data, precise orbit determination of HayabusaZ2 is very important.
Further, Ryugu’ s geodetic parameters, which will be simultaneously estimated with Hayabusa2 orbit, are
also required to be determined in high precision for understanding of Ryugu. However, such precise
determinations are difficult by using radiometric tracking data only, because of current limited knowledge
of Ryugu’ s ephemeris and physical parameters. To overcome this problem, in Hayabusa2 mission,
crossover orbit analysis using laser altimeter (LIDAR) data between Hayabusa2 and Ryugu is planned, in
addition to radiometric tracking data analysis.

In this study, we performed offline simulation of Hayabusa?2 orbit analysis. We developed a simulation
program for Hayabusa2 orbit analysis, including crossover orbit analysis. Test data of Hayabusa2 orbit,
Ryugu ephemeris, and Ryugu shape model were also created for the simulation. From these test data,
input observation data to the simulation program were prepared. After adding some errors to Ryugu
ephemeris and the observations, recovery of “true” HayabusaZ2 orbit from these data sets were
simulated in the following order: 1) Hayabusa2 orbit determination with range and range rate
observations from ground tracking stations to Hayabusa2, 2) Determination of Hayabusa2 orbit with
respect to Ryugu center by crossover orbit analysis using LIDAR-observed ranges between Hayabusa2 and
Ryugu, 3) improvement of Ryugu ephemeris using 1) and 2) results, 4) improvement of Hayabusa2 orbit by
performing 1) again with updated Ryugu ephemeris, and 5) iteration of 1) to 4). We discuss how much the
precision of determined Hayabusa2 orbit changes by changing error magnitudes of each observations and
Ryugu ephemeris.
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