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Summary

Since GNSS observations provide a high spatiotemporal resolution,

they are an effective data source for ionospheric research.

Smartphione GN

sensors are much cheaper than cla
reccivers and ca

150 be used for detecting ionospheric pa

cal geodetic
ameters

-

* The availability of these low-cost receivers would enhance the

density of GNSS data, and thus enrich GNSS

Using GNSS
ionospheric in

scodetic data, we can examinc the
arities on smartphone observations.

clated applications

effects of

» The purpose of this rescarch was to detect ionospheric irregularities

using smartphone GNSS data.

EO to produce Global/Regional I

GNSS

Data Source GPS-only

STEC Product CcCl

Applications Space Weath:

C

GIX, SIDX, and ROTI indices

Gradient lonospheric indeX (GIX)

GIX = (VTEC) = {/(VTECx)? + (VTEC,)?

<> indicales averaging over a defined area

Sudden lonospheric Disturbance indeX (SIDX)

SIDX = 9LEC ~ liRUT‘
“\ac [N L

<> indicates averaging over a defined area

Rate of TEC Index (ROTI)

ROTI = /(ROT?) — (ROT)? *

<> Indicates averaging over a defined time window

UD-PPP STEC

Real-time
GIM
SF-PPP

spheric products

GNSS+LEO

PPP-Fixed
S

T
GNSS DCB
LEO DCB

P-

G
-RTK

Zonal gradients
VTECx= VTEC; - sin§

VTEC;; is agradient between two IPP points in TECU/km

Meridional gradients
VTEC,= VTEC; - cos §

Rate of TEC (ROT)
TECY=TECY

k — b1

ROT =

t denotes epoch

k denotes number of epoch

s SCEERIEID (—)
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Compute-Restore, RCR)JE o iE%# GNSS//KAEEUHIET TRHE INAGEOID2020 HyAEmEME » 4528
TAEENERAE R B FIEIS T 5 2 28 A aviEdEfmas - By TR (EEetEs & 5 &
SYHIIERE - SRR 2 EE RS TN © 2021 £ER 2022 40 (HF GT-2A EJIEEDL 20z
HIEIRRERERAE I & PR T T ERYMIY ZE 8 T -
FERAVERIEREE By 10 VR » AT N ERHTEREEREY 100 /B © FRITRIER LIS Z RiTsH &

(2009 F-41 2010 ) HIMIER [ o 2021 - F4RAIAE AR NEPA A E JEE{E R 2.03
mGal » FEAERZE Ry 1.50 mGal - 2022 FHIE4EREURTH9E S 1.25 nGal @ FEERAEE 0.74
mGal o PS8 FH T Y B TR RIS ARt /K e T B AR AL - BT o M AR KR [ AL S
[ o GERBURTGINE S MRS S FHY AR KA EBAIBL GNSS/ /K AEELH >~ R E iy 2= 5
SyAlks 3.11 Rl 5.05 5% > BRI A KE AR & R A B 0 OE -

SN o BOMEERN 227 2447 1989 (Europen Terrestrial Reference System 1989,
ETRS89) ZBUOM KPEAFRRHIREM 275 2347 - BEREEFTEERT » fHE 2 T » SRS AR
B ERVEDSAEAIEAE (SR B RG) BTRENE - AENEIEES - HE308
FLERERR AR S EE A0 - A5 GNSS SR AR CIEGRIZAVEM - thigin 1,
TKAEEAE AR RIS S E 2B MIFE K « BRBONREERY AR E it - B & /K L 48R ER
MiEfe27 24 (Europen Vertical Reference System, EVRS)fEfit&t—mfs - {H BUREF [
RIERBHHIEA S E 275 H - EUREF AYBUNSE —2 SR TR/ N 2021 FFRERL -
MRS AT - BESEHEA S EIREN TRy M - £ H R 1LEC
MNEESEEE2E M (EHRS) » HARE GNSS /KAEREHIRE (EHRS_CP) B ISR AL E oy
ETRS89 F1EVRS - LA - ARIBIR ZEE 275 25 0VE - BiEEEN AR KR - fEiE
ARBONALEES: S 2048 2 BRI 224 (CRS-EU) $2E -

(1£)20230716 GO2c

EEG RS FRARGHE IR AL E BB  SSTE BN Tt A E S5
R B TR BRI E TR 2 IR R o DU T WE RO
IR T AT T E - S 9EEEs 1l Doy A MK EEE S & - B REMNER
BB AT SOSBIRIIE - IE9h - & TOBBRE I BRI P2 & - bzEd
R T BER-WKIET T3k o BHFTESREUR - (L TAR  BEEUP HERIRE B E
A 2% > FrAR IR FE T4 v LUE R B A B i B R & Y R KBRS 1
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, ‘ R TR o SERET > ZIERS R

EHRE R | B o BB B R B T @%@T‘%%i It
B DR IERT 8 - (BAERSRrPIRI A FTRIE] » DFSEE R T A A R BT 53

Project Objectives: new ICGEM Components

New gravity field relateq
research data types

)
‘ Online metadata Editor

+«—— | Metadata enrichn‘!ent
Global high-resolution LELEY 7¥f|§tandan{|izauon

models in different Sustainable data

fePfe§?9§$i°"i7 information centre ORCID
[ ROR
Data reliability and 2 %

quality-assurance tool Online data ug__‘__?lga'd to,ol{
i Siieb i | Py ©Gravis
| S=crziamssvices i | 6GOS | ecrauig

CosT@ -
MR NFDLEarth HELMHOLTZ

THE DEVELOPMENT OF
THE INDONESIAN GEOID MODEL

(INAGEOID 2020)
AND ITS REFINEMENT EFFORTS

Geospatial Information Agency
Of Indonesia

An initiative for a European Height Reference Surface &
Joachim Schwabe!, Martina

Anders Alfredsson?, Riccardo

Andreas Hellerschm|

3-6 & CERFEL ()
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E(ES R TRERRGET /48 R BRI EREUHIFHRAAH SRR 1048 - SERORIEBUHI 22457
(Global Geodetic Observing System, GGOS) ##H & ERAHHIE L il BB 4 BURIFIES
A ERR - RHOHE S22 MEE BN ~ 8755 K BEF I 2 L SRR 7 - BHE—
HEEAYRA SRR E B — BV AR E 2B HER - GGOS BT M E LR - saBdfl T iz
HERITEIR ~ BEFVE &0 S LRV ERECIEHR AV RO 4L = - IR ERF 2B E
SENELUE B AR ~ R kS LIEAE R AR O 2 R e S g we > DIRECR 2 EREE
EARHEHTSERE < [LAL » GGOS ‘E i NNsRy MBS SR SRR - DUt RHE N E R
T IAG - BFERMEREDRIZHSE (Group on Earth Observation, GEO)FIAHREENR: S EHERS - 45
A UN-GGIM KHUHIE/NHZE & S IR A SR 2B & =L, -

59ME 1993 LK - 2 M S T8 A R — TR ~ AIRIRAY R & 2% EOH & %
& Rt TRIFTRAEVEDHIEGS - (e T BRI 2SS RERVBE AR ST - BRESR SN
RGNV FIRATE R - |EAREEN  BELE - BRSBTS - KK EREH -
B S SEIB Y AR B AR 5T o 1o R = 8 S B AR T 488 (o (YR 2 F T FEE RS PSS 1
.~ H — BRI B IR EEUEECE: - BN RS CICARE IR B3 R %L ) (5
& SAR) ~ KaRIn ~ ATLAS 12 #5582 E 8 - DURGmRA A e Rkt B 222 A = o F R
Rz NF T (Signals-of-opportunity, SoOp) f#rEJE » BLFE L-#HEE ONSS KT &tELHMI
=~ P OARENIEA B EEHEE SoOP {E9RREVHIES (RIS - B aE S HViES KA R
FOFEAIFEMEE T EAGEMIPER » SEE AT EHEE E R A BRI E e (1AG) T
R BIPREEHIERTS (International Altimetry Service, I1AS) » [RlAy IAS HYH R
UWHAZEES ~ SATHEEE L » S N TR 1 O S BE 2 R s IR R SRR
SR E B NATA -
(71)20230716 GO6b

EES I F ARG S B A RIS AT » Hp 25 B B2 Ul & m g ZE E 4
RHCAIERFERE (MGRS) fritdbéd 60 HYZFRERIHED » A2 45 FAE A AU E Rt Bk E)
DT At E B Y RO B8R - EEEUHRR 1978 SRR EE SR (Satellite
Laser Ranging, SLR) > &AGEEEIGIEATA ZEIARMERN - EREEKENEERS
(GNSS) ~ AL THNE (Very Long Baseline Interferometry, VLBI) » ZEHHENE
Om B MG EEM (Doppler Orbitography by Radiopositioning Intergrated on
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Satellite, DORIS) DA EBZEFIAEESESTHIE - SEBULFY MGRS « EBEENT-HFH > MGRS &%
FE T ERes AR 4R - DURE BRI 248 (GGOS) A1 1 ZOREIRSHRELRNS
FEFESE TR - MORS 2 2F Bl SR E 2015 4555 69/266 BEils (i s e
BRAMUHIE S EHEZR" Pl RV EE A - GGOS AR Conh (140 MGRS) FyéferEEdFE
HERSEHEZS (International Terrestrial Reference Frame, ITRF) ~ E&HIMERAT A28 iy
JiE -~ eEARSEE L TR R (BIEEER ) AR E L LU SR Y B 2 -

SN iz 6 R H AR — EAT H AT oM & #5% A VLBI #1/24 SLR Ay REIK
SRR - B eSSBS BT A ERE - 2013 FHAFL T “G60S LIF
4" > DUDISE H AR 2 BRI R A2 > MIRASTR - ISR S IERAT & - HAR GGOS
BAR ERA—HTR - —3E - —2INERRE - TR - REREAMAIE R (VLB
SLR/LLR ~ GNSS ~ DORIS FIEJTHIE ) AF » W RN FIBIE G@iIRE2 a3 - 1212 10
EFES T B 2017 SEHEEAL R GGOS Affiliate » JFY 2019 EHE S “GGOS
Japan” - &S ERPEEIE T EMEAYVES) « HRETIERARRKHE A GGOS #Z Loh i A gL -
HASE BB E A - FERIEBLIEAM GGOS FT 8 HAS -

HE » KB ZSE (GG0S) EEIFEAMNZERE (1AG) HIE T4 — @ 2t

B2 FURGE R P G IR O o TELEAM 1AG 4H4%—CHEr T BR 2 80 RI 2 BREERFSE - GGOS
PRt T — e 25 TR T M &= B BRED IR 3 - SO S EDIR oy B -
SRS I R R Lt 2 B B A A E o 7 it GGOS B, - fEE] ~ B FIAIEG 1= (D-A-
CH Hhl& ) HY GGOS @Ik 4R &k Ky T 3518 547 HY GGOS HUEERAE ST » =(EEZ KHAIEZ A
FIL[ERCIL T GGOS D-A-CH » A 2021 AFE#A% A By GGOS 77 2 1i# - H ATy EE) £ 22N
A GGOS BWHFEie % - FinlliEih R RHUAIE SR — R/ (%] ~ EH)55 ~ sthEkEEE) - Bl
BUAMERY ~ RHOA SR ~ FIHIEK 2405

m

Operational infrastructure o ensure the long-term

i
sustainabiliy of the Interational Height Reference ()12

7~ \
@

|

'F;/Ietsahovi Geodetic
€search Station

AGGOS Core Station in Finlang

System and Frame — IHRS/IHRF
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E(ES I S T RARG T BB AT R A o T IRE E I RESS A E T A
SYSEERAIM KA BAERERE > DVARCELLNE EISE S - 7 T REERIZ N 1 A5 K
KAEEEES | 8 AR R A R RN - 5 8E B RS EEt I 8= I 50Ery )7
ETERTEAR GRS E A 50 - R > B TIELNEBE AR - AOEE—PI5E
SR e LL ST BB T35 i R 2 - IS - FRELET B IRAERAETHE - LA D &
$EE 5 A Y B A - W ZE Rt R T AR I A AR S AR IO A fE BT LR A
A [EI I B A - R TS Y R ek EE 5 R A A A PR ARIR 2K B B EE A -
ONSS /KEERE A= B fmAZAVE T BB TR - EEsS G E R - L EHEE T8
THARIRA [T F - DA FR & VARSI - A [EERES Rl &R ARy aH S m] DL
BEE s BRI & sEER - 15T H AUTE R A [EIE A R B BRI Y A e 14
st AR &I E 5 i n] RE AR RS - TE BRI B U -

BEAh » BB R RO 22 E B I E R iR B AR TR E T R E AR R &2
AJEHR 1.5-2 MBS R ZMAVERE © R TEESEZ - ErFEESTHIERK
Py E o BEIHTT T S B PRER RIS 2 — T RIEEL N 1 A KRR ER ) Ky
BEARHKEEmE P ER - 518 Helmert ZZR TS RERIN—EfE S » HE
inverse Poisson f&7r#1 Hot ine fE7TEEHARVAH & - PRBLRIEERAG IR iy T BB R i BX,
EITHYEE TR - 45RETR - BUERIBUAMHEE - (EHEEY K o & AR K R
HE RS 20% » HEER/KPo 8 A IR EEFFRHERTREE - IRe RHKER SE
HIERENE - MOBBRES T HCEAME TR LAY A D EP B -

(-+—)20230717 GO2e

EESRE S FERGE SRR KRE » BEESES% 2% (International Height
Reference System, THRS)FHEIFFAMME RS (1AG) I 2015 FHmedt > FieftERRIERIIRERE
LUEHERE YIFR =42 © THRS BAN M ETTRIVAEE » 1 (EEHEIPE RSB HEAR (ITRF) FTE
Fe AT S Ao 208 55 1 (EERZ AR AeE - BIFE =S 25 ESE (International
Height Reference Frame, IHRF) Hil/Z IHRS (VEREEH » HiEBERIfE S=CER HRS @ #2
b BERHEIR M2 E P RSN E S B UEAIAIRE(E - 1F TAG FHHIVER
PXETET » THRF 2B 4E0VEEnL TIFCAE5ERE BT LIFSE T EME 22K THRF 2550
fefl - HAERHEAFERY AR - C&HDE T —EEERF - AR ER AT 2R E 51
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RUSEET (T REAE - ORFE IR 2847 THRF R 5 % -

SN SIEIE BRI T A R KRS (E/KEBI TAFE R ~ BliAs ~ &%
FK - EERFSES SRR E N - RS e - e —fEaR
GNSS & EuhE Rl EE 4 I SRS H R 7L » 5D TAEEMBR » Mg IR
PE o HET57ABERL GNSS 2B ULE Sy Eisks i -5 HE2RAUIZ LR - I ONSS BURIED RN
BEEHEEMN (EEEVKEE B PRSEINRREBIE) KiEE EESE(L - FiET
BEOHTIE LA LRV IE S 15 o BHSEAIA 5 {8 GNSS 2751k 8 FRVBUAERE ~ FID(FFEAHFRE
BIfECERRETEHE - WK R ERETT T Bsg ot - 455R8UR + ONSS Bdgiisk
H'E B EEEIEES S TERN AR SEELEEER 11 2K - 1 #H IEE S8 ba RS0
A2 R 13 20K ~ FEHE A Rk e B A HE S RREERIT RS 2 2 S5 iE e # (Green
function)fE At BT &SRR B LIVMUE - IEE S8 LG I EEEE R -

F o BTSRRI R E R R — 1 - RSB TR AER & i U (GNSS)
R A 2K AR AR - (NRIRIEREE - AR HARE 24 - RIS R T Z IR,
MIEEER - RtHENE ZEESHSEESS RS - A8 LEdE s - BRI
EERER - AR E2%H - ISR - BIRE TSR - & THEUERE
JER » SiEHSE RH/KAER - BIEE N A SEH o KOS S SO E B R HK
RS EER LIRS - ABIE > (EHEENANERE AT EREET) - ARBEE
LMY EA E RN EE - g TEIEE S » RIRELAREIE - HEEEJVER - £
B R A RV SR HERE - WE AR AR » KA EE FRH AT (UK LR H -
R AT BAHE E A R A KB I E B S -

(-+=)20230717 GO2f

E(EG RS T RAIRGH T HRELH B E R E 2B HERVE T - R KT TAG 24K
EHE T BEBIFE R BRE 127 224 (Internation Terrestrial Gravity Reference
System, ITGRS) » H/ZANE H RS AR JIZRE - WELABBREEALH] (ST) ZRom - MR
PRES)2# % (Internation Terrestrial Gravity Reference Frame, ITGRF) DU Ry
gt (1 uGal = 107 m/s2) BY4EETEE 7N EBUNEEE RS E L [TRS - H4ERISH B E
B R AHRA RS IE AR Y - HAIFIIREVEEEMS - BB EURBEA e fEesax
% B IHURE S BRI IGSNTL - DAFRAIFRIANE @ RIS E IR D EIF R AME
EN—E 7 DA SRS s tE RV EZME - DIECRILFIRY 22 5% - BRIRE S B R
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TEVERIS S UERAE ITORF 3 RS (F A - Bl2e R MU E R o iy 0[R2 e (it B PR
ERSZHHEAR (ITRF) M1 GGOS HYZHLAS » FEITAH A — R B 400 o S 48 3 81 BN e R AR (L8
AP HUEIR - T B i R Il 52 & R S PR A -

BEST > 2022 FICEREE S B D BEEE B E B S A B AT R R R B AR 22 ROCE 8847 > R dLEX
RN EZ BEsid - £ (EtRE TR > W hsiEiny S6054 EEEEIHRFEDEMN -
SHEEH RIS FOSX EE 6 &  FGS ENE 4 5 AI0ENE 2 & > AQG R T EHIE
1 & - B - 28 (CHEIERRI2H ) iR MRVETBIRREE (—
FOHY - EEHE B RS TR SE Tl s KRR SOSR T S IR B -

SyMIEERE Ry FGS /FGSX IR T — TV E 230 » 3% At o] DAL B T
AHNEZGAATENE - (A > Bk 7 — R A B NES AT B & i ieti = EEh
HYHT I3 - BRI MRE S E R 2N HARNIR A H ~ [HPURRC ~ EEEr - EEE
RAEMPHRAE MR AR - BRECITEOESD - FGS/FGSX E AV B A IS H] 1721
HE > R R R AT AR AR - DURCE BB R A EE T T A S DR 2= ] B A
R AR ([ S BRI - Fra SUEE EHEE o EAVRIEE - RE e E AR
2

o TRBIFTZE MR B = (ONERA) 7% 2019 FFAE7ARIMY = (A [FIsREEr T T — Rz EH
TS > DU & T4 5 E 1 GIRAFE - EH TIFRIERBER R ERE (LOM-
CNAM) ~ SEE/KE NI EAUE R A E  (SHOM) ~ JABIHBRFIE IR B = (GET) AR
MTRERBR AZEWTFERT(DTU Space) AYSZHF FoefkAY et L HRCH T DTU Space fefftAVE
JIH& > {F Ry GIRAFE BUHIFY S - &EREUR > H 2017 FAEKE BT E RZEFMFLIAK -
GIRAFE HUfEHEREE TAE TR > A2 0.6 2 1.3mGal » BH2A GIRAFE FEesnyRIHIRE L
B (FEa i -

(+=)20230717 GO2g

A 5 s LR A [FIEREE sk EE S BNz sk Sy BN - 8 BB THIE
KRN ERE AT R SR AS ERER - § 2017 FLK > EHEE A5
22 [FeHIEsHY Chekan - AM PESEFEE -5 2\ EE T BRI A EE 2 U D ERAY INAR (8RN = BT
1T 7 VUM E I E - W B D BRIV LB UR T R R Ay EL i - 2B E Y
8 > el E A ENRER LR ENR IR - BHICHEG 2 2 m R ERE SR
R E - fHEEZ T > BElEAE DB R (E RN Tl S ] SEY - (HERNEARZE
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80 /INEKF > FRHRFRETATET T2 ] E A AR SRR B PR © FEIEEERIE T R IRGRIERH S
BES  fE ERH EEE  A] LU S ECAE SR AR R - (H I E A E R SR H I RE AT
ST o AER A VRFAEIL T o RTINS 35 /INRF - W {lE B R4S RAVIE IS By
0.4 2 0.5mGal - WifdHEE I EIRAIREH & (58 F G ey B R EAE e 0R, - AT DU DIRERS At AT BL
FEREE KRR WIELE ST - ERF RV AEE T - Pr TR e FaENEZIN B
BE T WM EE BT - DUESATE B EAER S I el ot -

BEAD - ERSEER R BRI NI R B BT 22 St BR Y ER o SE [FIBH &% 17 (50 F/ NAY TR AT £
N ERENE A E T R T2 E TN EAY A - EEAE RS SEIRE R %1
AEERIRE] - ST EEMEREP_ DR ERZURT - 52 J7741E 2020 52 2022 £
BRAEEAXETE (KA IMAR f—EBAE) ETAYZIONE - B U i
T EIRIT > MR EEE 2. 56 BFEZ=dETHERER] - S&EREUR » ERFTF#ET
AR R ELE o] DUE S Sis Y & 2= A R B DRI -

SAar

GGOs p.A¢ A
-A-CH —
GGOS affiliate 1o, the D-A-CH reg;
g gion
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B E RS E L TN ER S T30 SR BN O R ZE AU E R > #E
B T A RNHI RS R R 2 EIEE S g & > NI DRI B R g 8 E
DI & 2 BN - RER SR EESAVRES: (e E B R R g 2 B AR E
BHHVHRGIRRE - BIA FE AR SR MH R HY 24t (2 B BN i s B R Y TR (L
FEID - 28I - BEE OB WIELILE - AR ZE F AR R R i oA ch R A 2 80 5 T
HINE & R MBI A HEETE - G140 > ZREECSUERIRSAR{L T B L ERE R RE B AR 2 K
BffiEr R4 (GNSS) EES BN Adilms - MEREAGTPIE (VLBD) Sz
YR E S BB KPR R = - I - SR 7 Em P 24t Bl teE - BRIk
HEE - EEpFed > SRS S ERZE CRIERIEE ZTD) AlREm2E 5 20K - SRS A
iAo RFE A - CHSE VLB 48RS © 140 - ZTD HyfR72 S BN K% > K
SPRBRE (72 & e UG s B R 5 (A 2 8(BOP) © (H4NRIEHE H S B AR B ¥R e 1%
AILAEGE GNSS A1 VLBI BUHIAERE & HRE

EEAh > BIFEER 2B HELAR TTRF2020 7% 2022 4F 4 H &A1 - $THDUREZE R ORI E R -
FROEAT —TEELATE AV - IRTF 320t 1 &5 e 2V BUIEAr EANSR MR - DLREZ
RiE BB S S8R o 5IANEENEZE R 75 BN ER S A Ak &
IV - BIA0FE 1TRF2020 RPAEAEFE T - TR FL R R AT S A e B PART T A RR A i (&l
HE 2 PRI BRI FP Y I FAE SR » 225 Rl > B AR 1TRF2020 FEAAYRZE R
FEIFEITE - et - FMBREEEE R B RS Tt K &R b5 AR MR E
AENHYGESR o BILEREIK) | By R Rt REAY 2 BB i) DUB S GR MHE T RIR G H AR - 24
f > GNSS 1 GRACE Hfe] P38 - FFSSRAEE L - At b {5 K B A 2% G A oK
Fl A IR ST NIRRT o By T BLES Rt BBy BE R (IR AR MR (R B PSR R IR — B
Bl R KSR LT S RS AR I A Bh Rt ESZ PR HE R B R AP A W E A
FEHHERSHHEIRAIRE > Rl &Y VLBI F1GNSS -
(+7)20230718 GO1d

i (R s LIRS E VLBI REA » S EbTFes A T —frayBUAEA - B2
Hr—EERENEE RS (ONSS) ERVERZAGTAMNE (VLBL) - &y T HEE#EUI &1
RE > PR i B AG AT — R P 5K 28 (MEO) f#r 2 1Y VLB BUHIER S 24 FH MEO
firsE CRE{IFINE ) 1y GNSS BUMIEAEGHEA - FEIE > YRR fis] i s PR [R]— T 2 aH

5t 0 SR B Rz THYIHAEUEES (R Rz S - BR T VLBI S840 - Fr—1X
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GNSS Wy fFE 82 TS (Inter-Satel lite Link, ISL)  ISL EFTA MEO fi £ RE4
FE— (528 V- [ N EESRE AR © STHTA T FE R MRS St AR ~ SR S EE 25 -
723 40 & ONSS BLRBEHT DA e av g a2 E (k- H VLBI BUAIAE 2 m&UHIHY - &
BOLA RSN BB T » s+ RAVEESREE T - FAETT LI ONSS 4#EiHaE] VLBI
4 > HREEAERoREER o e DIF R 22 #ah e T —X GNSS 1 VLBI HYZH & HifEE UT1-UTC
g -

Ftah - a2 B EARE I > Rl it E s R > BECEESETE (Radio
Frequency Interference, RFI) t-AERIENN - #Efm¥ R CEUHE £ & HE - e
VLBI BUHIGE R o HHEBUSUE BEFIARAE B SR 22 s SR RAELL - fr 2 EEEEs IR E T > RILf A
WY TSRS A o > (e T H MR RSTE o it > Wi 7B as s E i
& ZIEERAR R R (AN ) FERER VIR 2215752 REL 228 - tH9T LIE
BT —EEkE - EEFTEREZ VLB BUHIN A EariiE S8 H i% - WesEE
HERS (S E - SRR ERGEA -

(+75)20230718 GOle

EES IS TR R B UGB AL - RZ2R o ny 38 e A AR R ORI R Bk =R
I AEREIEARE B [FRHGEE REAHEDI 2248 (GG0S) AYZEK o R ZE KNI E R
Z—EEEFMEE (SLR) HEEHERSEMESR (1TRF) AERM K &R AHHIESE (8
FEHIERE JISAR TGN ) A E RAVEEL o ITRF IE IR T2 LAGEOS 1 Etalon f# £HY
BUNEIE - BIE - IEAE SRR 7T [TRF NZS - K4 A LARES 2 AVEDHIE S - HoAth SLR 52

({540 Starelette ~ Stella ~ Ajisai Al Larets) AYERHIE thfé i F i (P HEER EE 1 (4
o IR AR E R GRACE 12 &1 B AE#45 HaY C20 A1 C30 MhEKEE S35 4% » RItE#
SLR f#r EEUNIMEE E AR IFFE EE o & Bt Btk S8 - ORI ERE Bk E /7
SRS FTEHE TUREHE SR (PRS- SRR ) G AR R A S 14
B o WAREEA - AESE - AEHUERORETEETUESEE - DIARNEER 3 S M
MR RIS -

AN Boff RN B 280 (GNSS) UL si BRI 28 (LEO) {4 B8 IR R g il -
ARZEHHY GNSS BRI FHRFR A Dot BREUNI 6 2 KIUSOR B2 FERE A0 (EHER & [E RéR
THY ONSS BUHIAE4E - S fd T B BIEK ONSS M4 E MM E M EREDI T A BB - E
TREFHERZE LT GNSS B2 /7R FE - Hoh ONSS SRS AN ¥R T a2 - I H R FE 2
DI o HZR - 22 [H R R ISR GNSS 48458 T LABR b/ D 8Bl 2 B I A e 5 5P 6
U245 > 1 THE = S A S K 2 2 B SRS - BRFTH » BT T 238K ONSS 4848 fh5T
LEO 1 GNSS #5218 S B DA B ERE TSRS (R BT m 171 - TR B = (EA [F Ry &R

23
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{EHEEREHIfR AT -

Novel Sensors and Quantum Technology
for Geodesy (QuGe)

Jirgen Miiller

on behalf of the QuGe project team

CRC 1464 Relativistic and Qus
Partly also presented at booth #1 In the exhibition are

DETECTION OF GERMAN NEOTECTONICS
BASED ON GNSS AND MACHINE LEARNING

Aspire

Operational Altimetry
from Spire’s Constellation
of multi-GNSS receivers

International Union of Geodesy and
Geophysics (IUGG)
18 July 2023
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The predictions of the magnetosneath physical quantities Using
#lobal simulation are often imited by computing resources, space
i resolution, model accuracy and 5o on.

In this work, we trained different neural nctwork models,
1 Neusal Netwiork {FNN) and Generalized Regression

We utlized FNN and GRNN to predict magnetosheath physical
quantities (B, Vs, Nyg, Toeg) under given solar wind B, Vs Noy,
and T,,, Additionally, we compared the Impact of specfying the
focation (R} on the prediczions.

Feadforward Neural Network

Feedforwa
Neural Netwark [GRNN) to forecast the physi of the

wind conditions.

low cost and high accuracy,

= The macel consists of several hidden layers, each of them taces
all the output of the previous layer a5 the Inpt.

+ Oepending on the ctivation funclian used in the training, FNHs
can perform different tasks such 35 nnlinear regression and
dassification.

fficiency of the soler wind snegy entering the magnetoaphere.

In the past, estimating the magnetoshesth environment often refied
on expensive numericel simulations, whilc simplfying the modcls.
could result in reduced accurscy. Additionally, numerical smulations
in aliging with Mzchine
fcaming. on the otner hand, offers a highly promisinz modeling
approsch, especially for complex or unclear physical processes.

Weakness

Introduction
A the boundary where the magnetosphere interacts with the solar
wind, is critical in

Generalized Regression Neural Network

+ The GRNN uses the maumum likelihood estimation to predicted
target parameters.

= Ihe pattem fayer wses o Gaussian semel as the activation
funetion, l;nru(-nlmg the: probability relationship between the
input and

Patten layer
K= KOLXD

‘Summation layer
Sp= K

(-1

Sup= Z:‘ ke

Input layer Qutputlayer

hlttm sunmnon

i nwusampm

Correlation cocfficients were 081 and 0.84 for the particie density
and temperature prodictions, respectively, and the model has

EMIS measurements were used, which included the

magnetic fields, particte velucty (v], density (N) and.
re (7). e 1 There were 1380 events. 1 ot batween 20076
),

BENN mGRANN = FNN with Positon = GRNN with Position

oHHI"l

Mamemlhvmnl umm

Conclusi nd Futu:
*+ This study demonstrates that using neural netwoﬂs to predict
magnetosheath conditions 15 & feasible and cost cffective.
solution.

Due 1o the mmnlzx fluig envirunment downsireart uf the shock
lon of magnetic field and olasma velociy s
hwera«umvm particie density and temperature.
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UGG 2027

AGU and the U.S. National Committee for IUGG welcome
the opportunity to host IUGG 2027 in Honolulu, Hawai‘i

Why Hawai‘i?

Indigenous Heritage and Culture

Bringing IUGG to Hawai'i will create an unprecedented opportunity to
celebrate indigenous science, link and uplift the traditions of both East and
West, enhance the work of Earth and space discovery science and advance
the promise of solutions for our world.

1UGG 2027 in Honolulu will provide opportunities to highlight how contemporary

geophysics can improve outreach and collaboration with indigenous communities offering unique
perspectives and knowledges regarding our natural world and humanity's place within it. This outreach
grows ever more important, particularly as these island communities are among those facing the brunt
of climate change, most notably sea-level rise and its associated impacts.

Scientists, community leaders, policy experts, government officials and students from Pacific Island
nations are more likely to attend the IUGG Ceneral Assembly if it is hosted in Hawai'i due to lower travel
costs compared with meetings held in other parts of the world.

Natural Resources and Sustainability

Hawai‘i is steeped in diverse landscapes, from its lofty volcanic peaks,

fertile plains and life-giving aquifers to its expansive coastline and dynamic
marine environments. UGG 2027 will be infused with the natural

wonders and treasures of this unique location, fostering interactions

among researchers working on increasingly complex international issues
including ocean acidification, sustainability, geohealth, sea-level rise, threats
to biodiversity and the gamut of natural hazards.

The Hawaiian Islands are a living laboratory for scientific exploration, with deep

ocean waters, the world's most active volcanoes, diverse microclimates and clear night skies atop
high mountain peaks. Hosting the UGG General Assembly will allow Hawaiian scholars to share
their research through both scientific presentations and amazing field trips in an unparalleled
outdoor classroom.
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Natural treasures are found everywhere in Hawai'i. And what's outside is echoed inside through every
element of the Hawai'i Convention Center. Based at this one-of-a-kind, world-class venue, IUGG 2027
wiil be a showcase of science and sustainability.

Ease of Travel

Travel to Hawai'i from nearly anywhere in the world is made simple by
nonstop service year-round from more than 40 gateway cities. Once
there, getting around—whether moving about on one istand or
“island-hopping” across the archipelago, as the locals say—is also
simple and stress-free.

Hawai'i's mid-Pacific location makes it a strategic destination for
business. International organizations with delegates coming from

both East and West can meet in the middle of the world, where Hawai'i's
multicultural population and spirit of lokomaika'i (generosity and kindness)
makes all feel welcome and at home.

Once visitors land in Honolulu, the Hawai'i Convention Center is a mere 12.8 kilometers away on
Kaldkaua Avenue, just a short walk from world-famous Waikiki, a premier destination for dining
and entertainment.

Why AGU:

For more than 100 years, AGU has convened the scientific community
to foster the sharing of knowledge and create connections across the
gecsciences. Through broad and inclusive partnerships, ACU aims to
advance discovery and solution science.

AGU convenes global events—online, on-site, and hybrid—that reach
more than 30,000 global attendees every year. Meetings range from
problem-solving specialty workshops to the annual meeting, which hosts
25,000 attendees.

By leveraging its logistics experience and design and marketing expertise, and by
harnessing the power of its nearly half-million advocates in the Earth and space sciences,
AGU is well positioned to deliver a successful and vibrant event for |lUCGC 2027.

AGU looks forward to this opportunity and appreciates
your support for IUGG 2027 in Honolulu, Hawai‘i.

A ﬂ I I ADVANCING

EARTH AND

ﬂo U SPACE SCIENCES
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