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Preparatory research on the development of rapid and accurate GNSS
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¥z, BRTIE. 5o & EHEMMRENTSWVWEEQIBTH D, Th THRESMEEEIT6IETH 5, A
HETIET4BDOME.5OMEDIFERICEZDHREDORENRELTHEY. REICL2MBEEBEELTVS
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&, 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 %,
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Technical development for expanding availability of GNSS precise
positioning in urban environment
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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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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.
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Anderson(1982)I&African super plumell & L TPangeaX[E(330Ma)DFEKREICT A1 KHA40mLER L 7=
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%, 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)

BN BEBA. HHEL =R EHES KB
*Akito Araya', Akiteru Takamori', Wataru Morii®, Kouseki Miyo®, Masatake Ohashi®

1. RERRZMEMRAM. 2. REBRZMHEFRA. 3. RERREFHIRHRA
1. Earthquake Research Institute, University of Tokyo, 2. Disaster Prevention Research Institute, Kyoto University, 3.
Institute for Cosmic Ray Research, University of Tokyo

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,
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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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