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B-5
Carrier-Phase-Based
Positioning with GNSS

GNSS Signal Structure
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GNSS Signal Specifications

Carrier Freq (MHz) Code Modulation Data Rate GNSS
50 bps GPS, QZSS
C/A BPSK (1)
250 bps QZSS (L1-SAIF), SBAS
L1/E1 1575.42 P(Y) BPSK (10) 50 bps GPS
L1C-d/p | MBOC (6,1,1/11) |-/100 bps GPS (llI-), Galileo
L1C-d/p | BOC(1,1) -/100 bps QZSS
L1 1602+0.5625K | C/A BPSK 50 bps GLONASS
P(Y) BPSK (10) 50 bps GPS
L2 1227.60
L2C BPSK (1) 25 bps GPS (IIRM-), QZSS
L2 1246+0.4375K | C/A BPSK 50 bps GLONASS
L5-I/Q BPSK (10) -/100 bps GPS (IIF-), QZSS
L5/E5a |1176.45
E5a-1/Q | BPSK (10) -/50 bps Galileo
E5b 1207.14 E5b-1/Q | BPSK (10) -/250 bps Galileo
E6-1/Q | BPSK (5) -/1000 bps Galileo
E6/LEX |1278.75
LEX BPSK (5) 2000 bps Qzss
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Carrier/Code Tracking in Receiver
DO.D % Baseband Processor
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Pseudorange

Definition:
The pseudo-range (PR) is the distance from the
P =cr=c(i -1°) receiver antenna to the satellite antenna including
r r receiver and satellite clock offsets (and other
(m) biases, such as atmospheric delays) (RINEX 2.10)

At Satellite t :| L — Time by Satellite Clock (s)
1

At Recelver\ mver Clock (s




Carrier-Phase

Definition:
... actually being a measurement on the beat

¢s . ¢s . ¢ LN frequency between the received carrier of

ro r the satellite signal and a receiver-generated
(cycle) reference frequency. (RINEX 2.10)
Y Received Satellite Carrier: #° (%)
Local Reference Frequency: o, (,)
/
Carrier Beat Frequency: g =¢"-9.+N

Code vs Carrier-Based Positioning

Standard Positioning
(code-based)

Precise Positioning
(carrier-based)

Observables Pseudorange Carrier-Phase +
(Code) Pseudorange
Receiver Noise 30cm 3mm
Multipath 30cm-30m 1-3cm
Sensitivity High (<20dBHz) Low (>35dBHz)
Discontinuity No Slip Cycle-Slip
Ambiguity - Estimated/Resolved
Receiver Low-Cost (~$100) Expensive (~$20,000)
Accuracy 3 m (H), 5m (V) (Single) 5 mm (H), 1 cm (V) (Static)
(RMS) 1 m (H), 2 m (V) (DGPS) 1 cm (H), 2 cm (V) (RTK)
Application Navigation, Timing, SAR,... Survey, Mapping, ...
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Pseudorange Model

(3) Satellite
Pf =cr Clock Bias
=c(t. —t") (1) Geometric
—o((t. +dt)— (¢ +dT*)) + &, Range
=c(t,~ 1) +c(dt, —dT") +e, ~ W1onosehers
=(p+1'+T')+c(dt, —dT’) + ¢, (5) Troposphere

=p. +c(dt, —dT°)+ [ +T' + ¢,

(1) (2) (3) (4) (5) (6) (2)Receiver
Clock Bias RCV

(6) Multipath +
Receiver Noise + Other Errors
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Carrier-Phase Model (1)

Carrier-Phase:

¢rs = ¢r(tr) _¢s(ts) +N: +‘9¢ (¢r,0 = ¢r(t0)!¢8‘ :¢S(t0))
=(f(t,+dt, 1)+ ¢,0) - (f (& +dT° —1,) + ) + N, + ¢,
=, =)+l =T )+ (o= + N e, (cycle)
D =g, =c(t,—t")+c(dt, —dT") + AP, — ¢ + N;) + e,
=p. +c(dt, —dT*)-1I'+T' +AB +d’ +¢, (m)
7\

Carrier-Phase Bias Other Correction Terms

Pseudorange:
P =p +c(dt —dT°)+ 1 +T +¢,
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Carrier-Phase Model (2)

Carrier-Phase Bias:
Bi=d.0-do+ Ny (cycle)
NI  :Integer Ambiguity
¢r,o : Receiver Initial Phase
¢  :Satellite Initial Phase
Other Correction Terms:

s T.s K s T es
d_r_ _dr,pco er,enu + (Esat—>ecefdpco Yer + dr,pcv + dpcv ddzsp r,enu

+ dpw + drel (m)

d, ) : Receiver Antenna Phase Center Offset
d, ,pev - Receiver Antenna Phase Center Variation
dlsjco : Satellite Antenna Phase Center Offset
d;cv : Satellite Antenna Phase Center Variation
dgisp :Site Displacement

d : Phase Wind-up Effect

d,.; :Relativistic Effect
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DD (Double Difference)

i _ i i J j
D, = A4, —4,)— (4] —¢)))
Al ij ij ij ij ij ij
= p,, tedt,, —dT,)— 1, + T, + AB,, +d;, + &,
=P~ Ly +Tub +AN,, +d,, + &4
dt’, =dtl —dt) =0,dT" =dT}, —dT} ~0
Bl = (0= + Niu) = (b0 = 8 + Nj) = (0 — 8 + Ni) + (0 — 4 + NJ) = N}y
(short Baseline and same antenna type)
I i
(248 ,oub +/1Nub + &4

ijo_ _7J i _mi o jo_ _]
I, = w L ~Oﬂm—zm Qb~QdW— m d; ~0

Satellite i @ ¢ll) j &)0 Satellite j

b, #

u b Memo for Misra & Enge:
http://gpspp.sakura.ne jp/

Receiver u Receiver b diary200608.htm

Baseline
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Baseline Processing

Nonlinear-LSE:

Para meter Vector:
x=(r," NSNS

Measurement Vector:
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Meas Error Covariance:
R = blkdiag(R, R, .. R, )
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Effect of Baseline Length

RMS Error:
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Integer Ambiguity Resolution

e Objectives
— More accurate than float solutions
— Fast converge of solutions

* Many AR Strategies
— Simple Integer rounding
— Multi-frequency wide-lane and narrow-lane generation
— Search in coordinate domain
— Search in ambiguity domain

— AFM, FARA, LSAST, LAMBDA, ARCE, HB-L3, Modified
Cholesy Decomposition, Null Space, FAST, OMEGA, ...
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ILS (Integer Least Square Estimation)

Problem: x=(@’,b")", H =(AB)
y=Hx+v=Aa+Bb+v

X= argmin (y-— Hx)TQy_l(y— Hx)
aeZ" beR"”

Strategy:
(1) Conventional LSE

~ a T~ -1 Qa Qab T -1
=| ~|= H , ¥ = — H H
X [b) QHQ, 7y, Q (Qba Qb] (H'Q,H)
(2) Search Integer Vector with Minimum Squared Residuals

a=argmin(@a-a)’Q, (d-a)
aeZ”

(3) Improve solution
b=b-QyQ, " (A-a)

18




LAMBDA

Teunissen, P.J.G. (1995)
The least-squares ambiguity decorrelation adjustment: a method for fast GPS
integer ambiguity estimation. Journal of Geodesy, Vol. 70, No. 1-2, pp. 65-82.

e |LS Estimation with:

— Shrink Integer Search Space with "Decorrelation”
— Efficient Tree Search Strategy

— Similar to Closest Point Search with LLL Lattice Basis Reduction
Algorithm

7=273,Q,=2"Q,z
a=argmin(a—a)’Q, (3 —a)k—" Z=argmin(z-2)" Q, (i - 2)

aezn ZEZ”

a=2"T7

19

Performance of LAMBDA

15
e : with decorrelation
e : without decorrelation [
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(Pentium 4 3.2GHz, Intel C/C++ 8.0)
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RTK (Real-Time Kinematic)

* Technique with Baseline Processing
— Real-time Position of Rover Antenna
— Transmit Reference Station Data to Rover via Comm. Link
— OTF (On-the-Fly) Integer Ambiguity Resolution
— Typical Accuracy: 1 cm + 1ppm x BL RMS (Horizontal)

— Applications:
Land Survey, Construction Machine Control, Precision
Agriculture etc.
=

Reference Communication Link Rover
Station B - Receiver

21

RTK Application (1)

AT
0]

Geodetic Survey

| Construction
Machine Control

AT ""'h L
ITS (Intelligent Mobile Mapping
Transport System) System

http://www.trimble.com, http://www.leica-geosystems.com, http://www.gpsworld.com 22




RTK Application (2)

http://www.drotek.com http://www.emlid.com »3

Network RTK (NRTK)

e Extension of RTK
— RTK without User Reference Station
— Sparse Networked Reference Stations
— Correction Messages via Mobile-Phone Network
— Format: VRS, FKP, MAC, RTCM 2.3, RTCM 3.1
— Server S/W: Trimble GPSNet, GEO++ GNSMART, ...
— NTRIP Networked Transport of RTCM via Internet Protocol

 NRTK Service in Japan
— GEONET: ~1200 Reference Stations by GSI
— NGDS (www.gpsdata.co.jp), JENOBA (www.jenoba.jp)

24




"~ (http://terras.gsi.go.jp/ja/index.htm) 25

PPP (Precise Point Positioning)

* Feature
— with Single Receiver (No Reference Station)
— Efficient Analysis for Many Receivers
— Precise Ephemeris
— Conventionally Post-Processing
e Applications
— GPS Seismometer
— GPS Meteorology

— POD (Precise Orbit Determination) of LEO Satellite
— Precise Time Transfer

26




Static PPP vs Kinematic PPP

Kinematic PPP Static PPP
Station: IGS CONZ Station: GEONET 0837
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PPP Applications

MminMachine
Control

Foeeccow ML (WPa) | 20041001 50000 T= 0 H= OhPs
=y g

Offshore Autonomous Weather Forecast
Construction Driving 28




RTK vs. PPP

RTK Real-Time PPP
Local/Regional
Coverage (< 1000km) Global
Typical 1-3 cm HRMS 2-10cm, .much depen.dmg
Accuracy on orbit/clock quality
Effect of Ref Hard to separate ref and Less effect by distributed ref
Movement user movement stations
System Simple, Complicated,
Complexity at least one ref station need many ref stations
Latency of ~1s 5 ~95

Corrections

Biases Basically cancelled by DD Need careful handling

Which is better depends on AP requirement and technology level.
RTKLIB offers both. They are user-selectable by option settings.

29

Precise Ephemeris

* Precise Satellite Orbit and Clock
— By Post-Processing or in Real-time
— Observation Data of Tracking Stations World-Wide

e Format:
— Orbit: NGS SP3
— Clock: NGS SP3 or RINEX Clock Extension

e Contents:
— Orbit: ECEF-Positions of Satellite Mass Center
— Clock: Clock-biases wrt Time Scale Aligned to GPS Time

30




IGS: International GNSS Service

@@i@

Data (GPS/GLONASS
Raw, Ephemeris,...)

Global Data Centers

lﬁl ﬁ Analysis Centers (ACs) > CDDIS SI0
N N CODE || NRCan IGN KASI
ﬁgﬁlﬁ? 7]% T ESOC SIO0
"7? 'ﬁ —| GFZ USNO ([~ ACC
paX paX oy —
/N %N ﬁﬂi JPL MIT Products
(Satellite Orbit/Clock, Station
- NOAA Pos/Vel, ERP, Atmos,...)
GNAACs Regional DCs
. , RNAACs Oper. DCs
Tracking Network
31
Final Rapid Ultra-Rapid (IGU) Broadcast
(1GS) (IGR) Observed Predicted
Orbit ~2.5cm ~2.5cm ~3cm ~5cm ~100cm
Accurac ~
uracy Clock | ~75P5 RMS | ~75ps RMS f':/loss ~3ns RMS | ~5ns RMS
~20ps STD | ~25ps STD ~50ps STD ~1.5ns STD | ~2.5ns STD
Latency 12-18 days 17-41 3-9 hours realtime realtime
hours
Undates every at 17 UTC | atO03, 09, at 03, 09, i
P Thursday daily 15,21 UTC | 15,21 UTC
Orbit 15min 15min 15min 15min daily
Sample
Interval .
Clock Sat: 30? S5min 15min 15min daily
Stn: S5min

(2009/8, http://igscb.jpl.nasa.gov/)
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IGS Real-time Service

* Developed by IGS-RTPP
— RTCM v.3 MT1057-1068 (SSR)
— Corrections to broadcast ephemeris

— Real-time NTRIP stream

— Interval: 10 s, Latency: 5-10s
— GPS and GLONASS

e Analysis Strategy

— Orbit: fixed to IGU or estimated

— Clock: estimated with IGS real-time
tracking network
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RT-PPP Performance with IGS
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B-6
RTKLIB Practice (1)

35

RTKLIB ©

* An Open Source Software
Package for GNSS Positioning

— Has been developed since 2006

— The latest version 2.4.2 p11
distributed under BSD license

* Portable APIs and Useful APs

— "All-in-one" package for Windows |

— CLI APs for any environments

http://www.rtklib.com or
https://github.com/tomojitakasu/RTKLIB
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RTKLIB: Application

Y. Ohta et al., Quasi real-ti

Reference
Station

41" p— — —

1]

100

ATK_igup(50cm)—

o

B T

7 1 13" ‘I-&J' A 14:1' 14:2' o1 144" A .
me fault model estimation for near-fieid tsunami forecasting base on

RTK-GPS analysis: Application to the 2011 Tohoku-Oki earthquake (Mw 9.0), JGR-solid earth, 2012

RTKLIB: History

2006/4 v.0.0.0
2007/1 v.1.0.0
2008/7 v.2.1.0
2009/1 v.2.2.0

2009/5 v.2.2.1
2009/12 v.2.3.0
2010/8 v.2.4.0

2011/6v.2.4.1
2013/4v.2.4.2
2016/12v.2.4.3

First version for RTK+C program lecture
Simple post processing AP
Add APs, support medium-range

Add real-time AP, support NTRIP,
start to distribute as Open Source S/W

Support RTCM, NRTK, many receivers
Support GLONASS, several receivers

Support PPP Real-time/Post-processing
PPP and Long-baseline RTK (<1000 km)

Support QZSS, JAVAD receiver, ...
Support Galileo, Enable BeiDou, ...

TBD
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RTKLIB: Features

Standard and precise positioning algorithms with:
— GPS, GLONASS, QZSS, Galileo, BeiDou and SBAS

Real-time and post-processing by various modes:
— Single, SBAS, DGPS, RTK, Static, Moving-base and PPP

Supports many formats/protocols and receivers:

— RINEX 2/3, RTCM 2/3, BINEX, NTRIP 1.0, NMEA0183, SP3,
RINEX CLK, ANTEX, NGS PCV, IONEX, RTCA-DO-229, EMS,

— NovAtel, JAVAD, Hemisphere, u-blox, SkyTrag, NVS, ...
e Supports real-time communication via:
— Serial, TCP/IP, NTRIP and file streams

39

RTKLIB: GUI APs

Skt I m
N1 35745 08.2300"

40




RTKLIB: CLI APs

RNX2RTKP (rnx2rtkp)

Post-processing Positioning

RTKRCV (rtkrcv)
Real-time Positioning

CONVBIN (convbin)
RINEX Translator
STR2STR (str2str)
Stream Server

POS2KML (pos2kml)
Google Earth Converter

CLI Command Reference

41

RTKLIB: Package Structure

rtklib_2.4.2.zip

/src

/bin

/data

/app

/mkl

/test
/util

/doc

/rcv

/rtknavi
/strsvr
/rtkpost
/rtkpost_mkl
/rtkplot
/rtkconv
/srctblbrows
/rtkrecv
/rnx2rtkp
/pos2kml
/convbin
/str2str
/appcmn
/icon

: Source programs of RTKLIB libraries

: Source programs depending on GPS/GNSS receiv.
: Executable binary APs and DLLs for Windows
: Sample data for APs

: Build environment for APs

> RTKNAVI (GUI)

: STRSVR (GUI)

> RTKPOST (GUI)

: RTKPOST_MKL (GUI)

: RTKPLOT (GUI)

: RTKCONV (GUI)

- NTRIP source table browser (GUI)

: RTKRCV (console)

: RNX2RTKP (console)

: POS2KML (console)

: CONVBIN (console)

: STR2STR (console)

= Common routines for GUl APs

: lcon data for GUI APs

: Intel MKL libraries for Borland environment
: Test program and data

> Utilities

- Document files

42




RTKLIB: APIs

/* matrix and vector functions */

mat(), imat(),zeros(),eye(),dot(),normQ),matcpy(),matmul ) ,matinv(),solve(), I1sqQ),Ffilter(),smoother(),matprint(),matfprint()
/* time and string functions */

str2num(),str2time(), time2str(),epoch2time(), time2epoch() ,gpst2time(), time2gpst(),timeadd(), timediff(),gpst2utc(),utc2gpst(),
timeget(),time2doy() ,adjgpsweek() , tickget(),sleepms()

/* coordinates functions */

ecef2pos() ,pos2ecef(),ecef2enu(),enu2ecef(),covenu(),covecef(),xyz2enu(),geoidh(), loaddatump(), tokyo2jgd(),jgd2tokyo()

/* input/output functions */

readpcv(), readpos(),sortobs() ,unigeph(),screent()

/* positioning models */

eph2pos() ,geph2pos() ,satpos() ,satposv(),satposiode(),satazel () ,geodist(),dops(), ionmodel (), ionmapf (), tropmodel (), tropmapf(),
antmodel () ,csmooth()

/* single-point positioning */

pntpos() ,pntvel O

/* rinex functions */

readrnx() , readrnxt() ,outrnxobsh() ,outrnxnavh() ,outrnxnavb() ,uncompress(),convrnx()

/* precise ephemeris functions */

readsp3() , readsap() ,eph2posp() , satposp()

/* receiver raw data functions */

getbitu(),gethits(),crc32(),crc24q(),decode_word() ,decode_frame(), init_raw(),free_raw(), input_raw(), input_rawf(), input_oem4(),
input_oem3(), input_ubx(), input_ss2(), input_cres(), input_oem4f(), input_oem3f(), input_ubxf(), input_ss2f(), input_cresf()

/* rtcm functions */

init_rtcmQ), free_rtcm(), input_rtcm2(), input_rtcm3(), input_rtcm2f(), input_rtcm3f(Q

/* solution functions */

readsol (), readsolt(),outsolheads(),outsols(),outsolexs(),outsolhead(),outsol(),outsolex(),setsolopt(),setsolformat(),
outnmea_rmc() ,outnmea_gga() ,outnmea_gsa() ,outnmea_gsv(),

/* SBAS functions */

sbsreadmsg() , shsreadmsgt() , sbsoutmsg() , sbsupdatestat(), sbsdecodemsg() ,sbssatpos(),sbspntpos()

/* integer least-square estimation */

lambda()

/* realtime kinematic positioning */

rtkinit(), rtkfree(), rtkposQ)

/* post-processing positioning */

postpos(), postposopt(),readopts(),writeopts()

/* stream data input/output */
strinitcom(),strinit(),strlock(),strunlock(),stropen(),strclose(),strread(),strwrite(),strsync(),strstat(),strsum(), strsetopt(),
strgettime()

/* stream server functions */

strsvrinit(),strsvrstart(),strsvrstop(),strsvrstat()

/* rtk server functions */

rtksvrinit(Q),rtksvrstart(),rtksvrstop(),rtksvrlock(),rtksvrunlock(),rtksvrostat(),rtksvrsstat() ...
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RTKLIB: Supported Receivers

Data Message Types
GPS Raw GLONASS GPS GLONASS ION/UTC Antenna SBAS
Meas Data | Raw Meas | Ephemeris | Ephemeris | Parameters Info Messages

RTCMv.23  Type18,19 Type18 19  Type 17 - . Type 3, 22 Tylpf 1'69'
Type 1005,
Type 1002, Type 1010, SSR
RTCM v.3.1 Type 1019 Type 1020 - 1006, 1007, - .
1004 1012 1008, 1033 corrections
NovAtel
RANGEB,  RANGEB, o- RAWWAAS-
gémg{;’; RANGECMPB RANGECMPB "AWEPHEMB ol eniprisg  [ONUTCB FRAMEB
NovAtel RGEB,
oEvs e . REPB - IONB, UTCB ; FRMB ;
NovAtel ID#20,
ST ID#23 . ID#22 . - ; ID#67 i
Lblox UBX ) UBX ) UBX ) UBX )
TR RXM-RAW RXM-SFRB RXM-SFRB RXM-SFRB
Hemisphere
Crescent, bin 96 - bin 95 - bin 94 - bin 80 -
Eclipse
SkyTraq msg 0xDD B msg OxEO B msg OxEO ) B msg 0xDC
S1315F (221) (224) (224) (220)
[R*],[r*],[*R], [R*],[r*],[*R], [~~1,[::1,[RD],
JAVAD [*r],[P*],[p*], [*r],[P*],[p*], [GE][GD], [10],[uQ], [SI],[NN],[TC],
(GRIL/GREIS) [*pl,(D*],(*d], [*pl,[D*],[*d], [gd] [NEL[LD] (GD] ) WD} "57ss Data,
[E*],[*ELIF*] [E*],[*EL[F*] Galileo Data
C'i:wl:lfg(l)l msg 0x08 - msg 0x24 - msg 0x26 - msg 0x03 msg 0x20
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Multi-GNSS Support

-3‘?:“ O &7

ﬁ@iEQE%O

O
2013-06-12 10:20 GPST

GPS (12)

Galileo (4)
QZSS (1)
BeiDou (10)
SBAS (4)

# Total (39)

Visibility at Tokyo by RTKPLOT

(EI>10deg)
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RTKLIB: References

RTKLIB ver. 2.4.1 Manual

P
| en

A3 STRETR

rtklib_2.4.2/doc/manual_2.4.2.pdf

Inguiry

B seppertiaigrry sskera s

Bsg and Known Probles List

s M ot e v B
% RTKLIB: Support Information

Piomen st i o i by s b gy fplacs bl by 1

.......

http://www.rtklib.com
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RTKLIB Practice (1)

 Install RTKLIB

e Setup Receivers and Antennas

e Use RTKLIB in Post Processing Mode
e Use RTKLIB in Real-Time Mode

47

Install RTKLIB

e Copy the following directory and files in the USB
memory to your laptop PC.

school 2016
¥rtklib_2.4.2p11
¥rtklib_2.4.3b15
¥samplel

¥ublox
¥googleearth
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Receivers and Antennas

Receiver

— @blox NEO-M8P-2 (GPS, GLO/BDS, L1/B1)

e Antenna

— INPAQ B3G02G-S3-01-A (GPS, GLO, BDS, L1/B1)

INPAQ
B3G02G-S3-01-A

Ground Plane
10cm @

u-blox NEO-M8P-2
Mini-EVK Card

Receiver Module, Antenna and Ground Plane are provided by @biox .

49
u-blox NEO-M8P
¢ NEO-M8P
& JJ u-blox M8 high precision GNSS modules b I Ox
Highlights
Product variants
{EQ-
Maodel Category GHNSS Supply Interfaces Features Grad,
5 4 =K
20 g R
srE By R T oz BTiirigsi:
£ 5 B £ g > |E o _ ulB = £ 3 -
_ 3 PLES383825 ~ 388 F8 53 8EFERES
NEQ-MEP-0 . | . o | 2 I N N T T e 1
NEOQ-MBP-2 . 2 s s s & s s & & & & s = 1
https://www.u-blox.com/en/product/neo-m8p 50




Setup u-blox Receiver/u-center

 |nstall Support S/W to your laptop PC

— u-blox u-center
(school_2016¥ublox¥u-center_v8.22 B03.zip)

u-blox
INPAQ u-blox NEO-M8P-2 u-center v8.22_B03
B3G02G-S3-01-A Mini-EVK Card .
micro
UsSB

your Laptop PC
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u-center

B bl PR &S
”

| B CF [Corlig) - HVE Navigation 5)

Havigation Mndes
Dyrenve Model [4-Automctive. =)
Wi [T <]
Stadad [0 futomaic. 7]
[T‘
Havigation Input Fikers
s 54 Elervation ]
mmmmmm bl 0 v
[0 (e
swigaticn Output Fiker
Tiveout [ om
FOUF Mask. I
TTTTT ekt [ =n
Acc Mak [ 100
 ADEE M I om
Are Mok [ = m
taic Hold Thieshold | 000 [
Ratic: Hokd Fuit [ om

DGNSS

& | % | 2Hsend & eoll [ | G0 & (1L

(g_x

Feady
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Use RTKLIB (1)

e Execute RTKLAUNCH.
school¥rtklib_2.4.3b15¥bin¥rtklaunch.exe

RTKLIB v.2.4.2 =
HTARATRD S

RTKPLOT STRSVR NTRIPBRS RTEGET
RTKCONV RTKPOST RTKNAVI
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Use RTKLIB (2)

RTKLIB - RTKPLOT
e Execute RTKPLOT by o

RTKLAUNCH

* Execute Menu of RTKPLOT:

File - Open Obs Data...
school¥samplel¥
javadl 201102030000.0bs

JAVAD DELTA Receiver
Acknowledgment:

Sample data were captured by JAVAD DELTA receiver provided by JAXA
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Use RTKLIB (3)

. H

File Edit View Help
-||--’_1 2 12 |v IL]. vl - e T ’6+ s o0 EOE X QI
I )
b % R ——— - & R
R - H | Tracking Data
F T - o ~ o .
‘% e e R — == ===l |: Cycle-Slip
== SR S .
ﬁ*: T 4t e 5 |: Parity
b e -
= 43
Satellite ID g 8 v = Ce= I
atellite : - R e
Gnn: GPS %‘ - ' = R ST e
Rnn: GLO |g Z = == et
= %, 4 [T E—— f—
Enn: GAL |5 % T S o= ——
| o v g o e
Jnn: QZS ||z g% - - = ' TS
1nn: SBAS i) ik = E s iz v l
1) e . RS A v = e - ]
& . S e e v e e
g% v iy .._.;‘__.1'.'.....“ 1l ‘“'""."."_.'_‘%‘.',._.m. u
o e e e s
g%ﬁh_‘m e T Ephemeris
Rﬁ*“.::_“_::::_...ﬂi oam o R o : Toe
ey S epEerpEstma = PR AT A Red:
[[1]20?11%3}0300:00:(?0%&% GPST:N:?.Sﬁ:AT:lQ SN:::JEE >3sli:_£.)cl|:l 25 <25 =0 = 0 unhealthy
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Use RTKLIB (4)

; N = = - ==ra &S| |

File

vl z 1z [~ AL |-l (@ = o » v Xgl
TN --- oo ) P | E T i

. I

I

Skyplot

FEile Edit View Help
wii e o[RSl [ =] t[es o o » LT =

N

-
%2 Diprojseminar¥sa avan 000.na e |
D.¥pmj¥ =TS mpb1¥ d1_201102030 L "‘I"u-

Edit View Help

=]

X

09:00

12:00 15:00
PDOP=1.4HDOP=0.8 VDOP=1.1

# of Visible Satellites and DOP

18:00 21:00

T=12

ﬂﬂZUIIJUZ’UEyUU:UU:UU‘UUU GPST : N=19 NSAT=19 SNR=>45 35 30 =25 <25
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Use RTKLIB (5)

RTKPLOT - Options
Time Format him:s GPST w [||Error Bar/Cirde m Mark Color 1-6 |_l|_|_|_|_
Show Statistics  |OFF + [||Direction Arrow m Line Color I:IJ
Cyde-Slip LLI Flag w ||| Graph Label m Text Color J
| Parity Unknown  |ON w (|| Grid Label m Grid Color I:lJ
Ephemeris ON + ||| Compass ON + |||Backaground Color I:IJ
Elevation Mask (%) |0 - |||5cale m Plot Style W
Elev Mask Patern [oFF ||} auto Fit [orF  =|fmark size B
Hide Low Satelite |OFF w |||¥-Range (+/9) ﬁ Fonit Tahoma 8pt J
Maximum DOP 30 ~ I|RT Buffer Size [43200  |fAnim. Interval 5 LI
atellite System Origin W Update Cyde {ms) |100
’—SF GPS ¥ GO [ Galleo |1 oot [4Fosez3470 [190. 124131507 [6 %743 [
¥ Qzss [¥ sBas [ Comp QC Command |teqc +qc +sym H rep -plot

Exduded Sats I

OBS Data Options

Solution Data Options

Common Options
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Use RTKLIB (6)

e Execute RTKCONV by

RTKLAUNCH

* Set Input Data
school¥sample3¥

oemv_201010150000.gps

e Push Convert..

. Button

e Check RINEX Data

* Push Process... Button to Launch

RTKPOST

#4 RTKCONV ver.2.4.0
[~ Time Start (6PST) [~ Time End (GPST)

201071015 | [poio000 = [aoserioss = paizs: 54:’

RTCM, RCV RAW or RINEX

ID:¥pmj¥semmar¥sample}¥nemv72[]lﬂlﬂl$ﬂﬂuﬂ aps

||~ Time Start (GPETY

Format |NovAtel OEM4 =

RINEX OBS/NAV/GNAVMHINAY and Lo
2 b

_201010150000.nav

_201010

201010 h
D:¥projéseminar¥sample oemy_201010150000.5bs

| 2010/10/15 00:00:00-10/15 D2:28:53: 0=8935 N=24 G=39 H=0 5=17869 E=0 7

[~ Time End (GPST) [ Interval [ Uit

r““““jr““—:u—:n—jl—_l it

| RINEX CBS (Rover) @ 0|
[o-¥oraiiradh_supporti 2011041 over obs ==/
RINEX 085 5 L=
F.-Wm_wmwmm-umm.dn jJ
RINEX HAV/GHAY/CLK, 5P3, SBS or EMS omo
-¥oroiie 835_support¥ 2011041 Mmaster.nav ==l |
D Wawojie k_suappor £9.20 1 1041 Pmaster grian Lﬂ
=1
Output Fle
[Pr¥peegirsi_spperté20 1104 1 Tieaver.pos =
ot | wew. | Topa.. | cotern. | Ewawe | gar | |

RTKPOST
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Use RTKLIB (7)

RTKPOST - Options
Settingl Output

Settingl | Setting2 | Output | Statistics | Positions | Fles | Misc | Settingl | Setting2 Output | Statistics | Positons | Fles | Misc |

Fositioning Mode Iﬁ Solution Format i
Frequencies m Output Header [Processing Options ON - |lon -
Solution Type Combined vI Time Format / # of Dedmals ww 5885 GPST  + II3
Elevation Mask (%) / SNR Mask (dbHz) Latitude / Longitude Format [dddddddddd =]
Rec Dynamics Earth Tides Correction Field Separator

Ionosphere Correction Broadcast Datum/Height WGE584 LIIGeodetiLI

Troposphere Correction Saastamoinen vI Geoid Model Internal 'l

Satelite Ephemeris/Clock Broadcast ~| Solution for Static Mode Al =]

Exduded Satelites (FRN ...) NMEA Interval (=) RMC/GGA, GSA[GSY IU ID

¥ 6Ps [T GLO [T Galleo [T 9255 [~ SBAS [~ Compass QOutput Solution Status / Debug Trace IOFF vIOFF vl

Load | Save | oK | Cancel | Load | Save | (0] 4 | Cancel |
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Use RTKLIB in RT Mode (1)

e Execute RTKNAVI by
RTKLAUNCH

* Set Input Data Input Stream
Serial

RTKLIB - RTKNAVI

Lat/Lon/Height

e Format e
NovAtel OEM6 or Javad g

RTKLIB - RTKNAVI -
Input Streams
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Use RTKLIB in RT Mode (2)

RTKLIB - RTKNAVI -
Input Streams - Serial Options
[ > |

Mone L4

Serial Options
Port =
Birate (bps) 300 v
Byte Sze

RTKLIB - RTKNAVI -
Input Streams

Parity
Stop Bits.
| Flow Control | None 4

1bit 4
Blits

oK Cancel

Input Streams
Type

[ > |
Opt

RTKLIB - RTKNAVI -

Serial/TCP Commands

Input Streams - Serial/TCP Commands
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Use RTKLIB in RT Mode (3)

RTKNAVI ver.2.4.1

2009/05/15 05:16:19.9 &psT| 1 |EOI~H—00000 o
Lat/Lon/Height - |[Raver SNR (dBHz) -

Solution: 5]

¥ RTKNAVE ver.2.4.0:

Raw OBS Data

Troy sar fc |pa ) [z ) JFs gm) latovde)  foageyde)  lis(oye) prg)  ozpe)  Jos 51 (afsz fodss fafus [usa Jur: 1codsaficodes|
009 5 9 1 | M2SMRI4 225445273 (0000 106435723.35% §2936926.625 |0.000 -1S68.516 -1223.004 000 51 47 0 0 0 0 LIC L®
2009/05/1%5 05:36:55.050 12 1 21XFMFLAN 2129062 0.000 111900178055 871949946887 0U000 060,633 1605688 0.000 ol A7 o o o o LIC ¥
2009/05/15 05 16: oS0 14 1 2022086 230N0225.992  0.000 1258701628.750 97949332.531 0L000 2577.184 002195 0.000 “ % o a o o LIC 2P
200905/1505:16:55.050 |15 1 23184249301 Z3IB4IS0.45 0.000 121834049, 105 94935627.551 |0.000 TETI ATISENI 0O 4 42 0 0 0 0 LIE WP
B 2009/05/15 05:16:55.050 |18 1 20397804.664 20397803.867 0.000 107191184,340 83525594.473  0.000 144500 (112594 0000 S0 96 0 0 0 0 |LC [
2009/05/1505:16:55.050 |21 1 24087102391 24087105.6% 0.000 126578593632 98632661410 0.000 2798957 -2181.008 0000 3 35 0 0 0 0 |C L@
e S| 2009/05/15 05:16:55.050 |22 |1 21637873.453 21637871.398 0.000 113707787.055 88603462.432 0.000 2030.109 1581.902 0.000 50 42 o o 0 o LiC L2P
| 2009/05/15 05:16:55. UE_U-ZE 1 21281140.961 21281141.672 0.000 111833159.336 87142709.066__0.000 -1709.859 | -1332.353 0.000 50 44 0 0 0 0 LIC L2P
Zﬂﬂgf’g £ RTKNAVE ver.2 4.0:
2008 =
2005/0|| T = | [Curvertt =] IOHUTC: 7.456-09 2.246-08 -5,96E-08 -1, 196-07 §.605-+04 5. 196-404 -1, J1E 405 -5,24 405 -1. 79609 -7.996-15 -4, 596 405 L.I8E403 Clese |
2005 /0] sat [ sooe [rooc | scafes roe [ioe. [rans | g=) |e Jofdeg)  |omecan oy | deitan lovecadot (3 inor
2009/0] 1o sz 52 0 3 20100217 20:00:00 | 0107 20:00:00 |- %559239.017 D.00+8206 55.43903 69.30307 5039524 -175.02323 L67HEAT | -hE20EA7 |-LSWEGE
2009/ |2 2 - 21 21 o 00 2011021802:00:00 20140218 0200:00 - 50723.310 001000893 5381631 S0P SIMAVSLD L0715 29100LAT  -A.75IMAT A TINCOY
200900y 3 3 =2 52 1 00 |2011)02/17 22: 00 | 2011/02/17 22-00: HEE0157.900 0.013%E557 5321504 1641322 6146513 14544613 2.74E0F 07 4. SE0E AT A ETEA
ompfl4 4 - 74 74 0 00 | WILYIBOZONO0  AIL0IIE0ZO000 - H5ETE062 D.00961511 SILIGITL SO.BICES 4064534 79GSR0 LSELEAT -4STLEAT L22TIEGE
s (5 |- & b 0 00 2010217 10:00:00 | 0LLOZLT 10:00: - WHHIALLINZ DODZZSME 5400051 11066967 100954 116, 18357 191X -RE0RHAT |-ZoH9s-08
6 - B9 B9 0 00 (2004/02172300:00 0140217220000 - WH60296.040 000646562 SI62BE 1224004 40.06300 466635 LESMELT -46SSIEAT |-L9GTEL
F |7 - 340 00 2010217 22:00:00 | 0LL0LLT ZZ00: - WH0I003 D00SLPA09 55904 GLLBIMZ-LTRSTN0E .00 LSZEAT 4 THEAT |L1ME08
il L3 -
g o % RTKNAVI ver2.4.0:
10
GPS ]1; LTV{V prN [TypeMessage [contents | -
. i 157 |26 CEBADCISEISF 11FO4FS IDCOBED4FOZFC IFE 12F0SF& 735 13E0AFDAFEDD Tonospheric Delay Corrections |
Ephemerls 4 |1 [2009/05/1505:16:11 1129 |36 CoERCHSELFFOR7BATCSICZIENDT04FE 19COAEDFB2ICHIE 1EF 1476000 Tonospheric Delay Corrections
15 19 2009/05/1505:16:12 137 |28  537224C5SBECS0876E46037E880FABBC. Clock-Ephemeris Covariance Matrix Messz
o | llzoosmsyisositsitz 129 28 53 76E4603TEBSOFABEC Clock Ephemeris Covariance Matrix Messz
2009/05/15 05:16:13 128 |25 94865 7F80008: Long Term Satelite Error Corrections
k1™ 1505:16:13 137 |63 AR Null Message
2009/05/15 05:16:14 137 |4 C6 12800DFFDFFFFF 1IFFDFFC287FD 1IFFDFFDFFDFFDFFDBBA 7BB 33FFFFCO Fast Corrections
2003/05/1505:16:14 128 |4 C610B00DFFOFFFFF IFFDFFC287FD IFFDFFDFFOFFDFFDBBATEB 33FFFFCD Fast Corrections
2003/05/15 05:16:15 128 2 DFFDFFDFFDFFDFFDFFCO2400DFFC Fast Corrections
2009/05/1505:16:15 137 |2 53089FFFFFDFFDFFDFFDFFDFFDFFC02400DFFCO0SFFFEBBEFBE9BESFE0 Fast Corrections
2009/05/15 05:16:16 137 |3 '9ADCBFCBFFSFFDFFFFF SFFDFFCO 17FF SFRFFFDFFC JFBBIB0 Fast Corrections
2003/05/15 05:16:16 128 |3 SADEBFCBFFOFFDFFFFF SFDFFC17FFSFRRFFOFF EB930 Fast Corrections
SBAS 2009/05/15 05:16:17 137 |26  C66A1023E0CFO4FBZFCOD: Tonospheric Delay Corrections
2009/05/1505:16:17 129 |63 | CEF Null Message
200910515 05:16:18 1129 63 |53 Pl M
Messages |wspsosi 11 ot
2009/05/15 05:16:19 | 129 |26 EF39F Torwesieric Delay Corrections o
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RTK by Playback Data

e Objective
RTK of by Playback Data

* Program RTKNAVI

rtklib_2.4.2p11¥bin¥rtknavi.exe o vz

2009/05/15 05:16:23.6 GP5T| | ECIE—00000 o] L |

+ Data P
sample2¥ t resomee HLLHHEEELE
oemv_2009515c.gps (NovAtel) Eomeousvomin
ubx_20090515c.ubx (u-blox) o el

0263_20090515c.rtcm3 (VRS)
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Playback Data

NovAtel
GPS-702-GG

GEONET
NovAtel [
OEM-V
20 Hz
VRS E-
Service Mobile
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RTKNAVI - Options

Settingl Setting2
o
\ Settingl |5etﬁng;| Output | Statistics | Positions | Files | Misc | \ Settingl Setting2 IOgu:iutI Statistics | Positions | Files | Misc |
Positioning Mode fnematc | Integer Ambiguity Resolution [FixandHod =]

Frequencies L1+H2 'l GLOMASS Ambiguity Resolution ON -

Solution Type Forward b Validation Threshold to Fix Ambiguity  |3.0
Elevation Mask (%) f SMNR Mask (dbHz) |15 ID Min Lock / Elevation (%) to Fix Ambiguity [0 a
Rec Dynamics/Earth Tides Correction  |OFF  w ||OFF  + Min Fix [ Elevation (%) to Hold Ambiguity |10 i

Ionosphere Correction Broadcast j Outage to Reset / Slip Thres LG (m) |5 I[),[)s[)
T Correcti | i l oo
ropesphere Correction Saastamoinen = Max Age of Differential {s) 30.0

B N ETIEEE IS Broadcast j' Reject Threshold of GDOP/Innow {m) WIF

Excluded Satelites {+PRN: Induded)

Mumber of Filter Tteration 1
¥ GPS [T GLO [~ Galieo [~ Q255 [T 5BAS [ Compass I Bassline Length Constraint (m) 0.000 IIJ.IIIIIIEI

Load | Save | i Cancel | Load I Save I {
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RTK Setup for Port Cruise

RTK e
WiFi
Reference
Station Router

INPAQ \,\
83G02G-53-01-A @biox NEO-M8P-2
micro USB

RTCMS3 or
BINEX RTK Ref
@blox < RTCms STRSVR Statio?'-
NEO-M8P-2 NMEA ’l NMEA
A4

RTK Rover

GPS+BDS RTKPLOT
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RTK Reference Station

Receiver:
Trimble NetR9

IP-Addr :192.244 *%% **x*
Port : 2101

MountP : RTCM3

USER-ID : ***

PW R

Data : RTCM 3, GPS+GLO
IP-Addr :192.244 *%* *%%*
Port : 2102

MountP : BINEX

USER-ID : ***

PW s REE

Data : BINEX, GPS+GLO+GAL+QZS+BDS

= RTKPLOT ver.2.4.2: Google Earth View — o IEN
Btumm Ad@r #ll Dapd oad Close:

Lat: 35.666243069
Lon: 139.792308111
Height:  59.8700
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B-7a/7b

RTK-Demo Port Cruise
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Port Cruise Schedule

 Group | (G-l)
— Loading :12:30
— Start :12:40
— Return :14:00
e Group Il (G-ll)
— Loading : 14:10
— Start :14:20
— Return :15:40

e Waiting Group
— AIS/ECDIS Demo (lead by Yasuda-sensei)
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Loading of Boat

Google eart
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Port Cruise with RTK

RTKPLOT ver.2.4.2: Google Earth View

+lil 8= 0D | 0 ad

s 4Navy. NGA, GEBCO' . $. ™
y . ‘ PN

"Googlcesrth
-a L
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Summer School 2014

=
—n,
=

GNSS H#<w—RI—IL

2014 BHERS
BIRIEZIL—X, 2 S —TFI=4 .
»T, £ G-1, FG-2 "4 =~
—&D/)/NTHE? (BP0 ~) P

WE . 7830858 f
News Letter of IPNTJ, Vol.IV No.3, 2014
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B-8
RTKLIB Practice (2)
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Time Systems

 Time Systems
— TAI: International Atomic Time
— UTC: Coordinated Universal Time
— Local Time (JST, EDT, ...)
— UTO, UT1, UT2: Universal Time
— GMST: Greenwich Mean Sidereal Time
— GPSTime
— GLONASS Time
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Time System Conversion

TAl to UTC: uTCTALS)
ture = tray + (UTC —TAI) 25 | 1990/1/1- | -30 | 1996/1/1-
- -26 1991/1/1- -31 1997/7/1-
UTC to UT1: 27 | 1992/7/1- | -32 | 1999/1/1-
tur1 = tyrc + (UT1-UTC) 28 | 1993/7/1- | -33 | 2006/1/1-
29 | 1994/7/1- | -34 | 2009/1/1-

UT1 to GMST:

GMSTy), yr1 = 24110.54841 + 8640184 812866 T, +0.093104 7", >~6.2x10 67" 2

GMST = GMSTyy, yr1 + r(tur1 —ton ur1)

r =1.0027379093 50795 +5.9006 x10 7" ~5.9x107°7" 2
T',=d', 136525 d', : number of days elapsed since 2000 Jan 1, 12h UT1

GPS Time to TAI:

tryr ®tgpsr +19s

GPS Time to UTC:

tyrc = topst —(Atps + Ao + 4 (lGpsT = o))

75
Coordinate Systems
e ECEF: Earth-Centered Earth-Fixed
— ITRF Reference
— WGS 84: US (GPS) Pole Earth
Center

— PZ90: Russia (GLONASS), ...
* ECI: Earth-Centered Inertial

— ICRF: International Celestial
Reference Frame x

 ECI-ECEF Connection

Reference

— Precession/Nutation Model meridian

— EOP: Earth Orientation Parameters

ECEF
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ITRF

* International Terrestrial Reference Frame
— A "Realization" of Maintained by IERS
— GPS, VLBI, SLR, DORIS Site Position/Velocity List
— ITRF2005, ITRF2000, ITRF97, ITRF96, ...

VLBI: Very Long Baseline Interferometry ITRS: International Terrestrial Reference System
SLR: Satellite Laser Ranging IERS: International Earth Rotation Service
DORIS: Doppler Orbit determination and Radiopositioning Integrated on Satellite
.+ |TRF2005 Sites == = ITRF2005 Velocity Field :
EATTEETIE V| AT v BTSN ISR RER R
“..-.. o %-;- -.-.. .42 o ._-‘J. S, B3 = 7 _ TR
- L g . % : & u P R =
PN . S . M % :
B ol Lo w i T
i - i
. 1 Technique .2Tec:hnique; + 3 Techniques *4Techniques. ’:
http://itrf.ensg.ign.fr/ITRF_solutions/2005/ITRF2005.php 77

ECEF toi,ECI Transformation

Ap o 1A gy
N eyt
Y

Ecliptic of date

True equator Mea n of

of date

Mean equator Date

y ofdate

ECEF
(ITRF)

sow [+

Ecliptic at epoch
J2000.0

Mean equator
of date

True of

True equator

Date of date mean equator
. at epoch
P : Precession ! fzogo.o
N : Nutation Ecliptic of ECI
W : Polar Motion date
GST = GMST + Ay cose 4 (ICRF)

+0".00264sin £2 + 0".000063 5in 2.2 r;ea, = PNR, (~GST)W, o/
=Rz (S )Ry (-0)Rz (z )Ry (- 1)Rz (Ap)Rx (¢ 4 + Ae)R; (-=GST)Ry (yp) Ry (xp)lecer
(3) (2) (1) 78




EOP: Earth Orientation Parameters

Polar Motion:

' Yp(l.llaS)_ R A
o b & PRV T I -
2 2 5'58'8 2 € B B B 2 % & & m
& £ 2 B 2 & g 2 8 8 & 8 2 2 B
T T T T T T T T

UT1-UTC

Earth Rotation Angle:

1000 -~

rs
2
2

"
=3
2

I

m
=3
2

“UT1-UTC (ms)

IS
2
2

UTL - UTC {ms}

S 5/16/2

—E00 -~

089/8.

1960

1970

1980

1990 2000

IERS CO4 Series (1962/1/1-2009/8/11)
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Ellipsoid and Datum

Ellipsoid:

GRS 80

WGS 84

6378137

6378137

1/298.257222

1/298.257223

101 563
a(lb_:ez)- g GM | 3986005.000 | 3986004.418
N (m3/s?) x 108 x 108
x,y plane Lat/Lon/Height to ECEF:
¢ = f(2- /)
N = a
1-¢? sin2¢
(N + h)cosgcos A
#' : Geocentric Latitude A : Longitude r.=| (N+h)cosgsini
¢ : Geodetic Latitude 4 : Ellipsoidal Height (N(@L+e%) + h)sing
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Geoid

. H : Geodetic Height
Geopotential: &

£
h

V(”,¢',ﬂ) h GTM{:H_ ZZ(%j (gannmc + Eannms)} Geoid

n=2m=0

7V Ellipsoid

- gloo

EGM96_Cli.e0|d Model

Spherical Harmonics

Spherical harmonic functions:
Yo=Y,

n nOc

Yme = P (SiN@') COSMA
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e
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Y,ms = B (SIN@")SinmA
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Legendre function: - W . gl by
Pop = N Pans Foo(x) =1 Bo(x) = x - " ‘ G é @ 6
By, (x) =0, ' R

Po(x)=(@n-0A-2*)"2P, 4, 1(x)
(21’1 _1)XPn—1,m (x) - (I’l +m— 1)Pn—2,m (X)

n—m

V2n+1 (m=0)

Ny = ’2(2n+1)(n—m)! (m>0)
(n+m)!

&

Fum (x) =

@
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€
&
&
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Coordinates Transformation

Helmert Transformation (A to B):

X Ti 1 —R3 RZ X
y = T2 + (1 + D) R3 1 - Rl y
z T3 — R2 R]_ l z

B A

-T1, T2, T3 : Translation along coordinate axis
-D : Scale factor
- R1, R2, R3 : Rotation of coordinate axis

Coordinates T1 T2 T3 D R1 R2 R3
A B (mm) | (mm) | (mm) | (10°) | (mas) | (mas) | (mas)

0.1 -0.8 -5.8 0.40 0.00 0.00 0.00

ITRF2005 | ITRF2000

0.2/y | 0.1/y | -1.8/y | 0.08/y | 0.00/y | 0.00/y | 0.00/y
(Epoch 2000.0)

lonospheric Delay

lonospheric Delay Model:

n?=1- . X - ~1-X =1- f2/ f? (L -band)
. YT YT 2
1-iz - 20- X -i7) i\/4(1—X—iZ)2 +Y." . Appleton-Hartree Formula
N 2
n=l- 2112 ~1- f212/% =1-40.30N,/ f2 f§ =4;—e: plasma frequency
T &EgMm,
2 16 2
I~ j40-30Ne/f dl =40.30x10°TEC/ f TEC: Total Electron Content
Electron Density (N_):
.y AXI0TE E
-
UJ" 3X"D :_ _:
il
‘5 2x10 =
£ wmo”;— —;
= oé xiﬁ :
a 5040 10040 1500 2000

Height, km
IRI-2007 model: 2009/7/31 0:00 Tokyo (http://modelweb.gsfc.nasa.gov/models/iri.html)
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Solar Cycle

International Sunspot Number (ISN): 1700-2009

202122 23
f\ h I“'ﬂf'mf“f’"
b [ M u, \ LT ]
\ P* Ql "'.J. \\ N ”\fl’\j \‘-‘H\h f\"/\' \vﬂ J\\f'u _l'\J‘ wj ‘\} 1') ) \'J -JJ !‘v' \\
by SIDC (Solar Influences Data Analysis Center) in Belglum (http://sidc.oma. be)

Solar Cycle Prediction: Cycle 24

by NOAA é\NPC (Space Weather Pr.edict.i.oln Center) (http://www.swpc.noaa.gov/SolarCycle)

85
LC: Linear Combination
C=a®D+b®Dy+cP +dP (D = 4y, Dy = Arhy)
Coefficients Wave | lonos | Typical
LC Length | Effect | Noise
a b c d (cm) | wrtll| (cm)
L1 L1 Carrier-Phase 1 0 0 0 19.0 1.0 0.3
L2 L2 Carrier-Phase 0 1 0 0 24.4 1.6 0.3
LC/L3 lono-Free Phase G C, 0 0 - 0.0 0.9
LG/L4 | Geometry-Free Phase 1 -1 0 0 - 0.6 0.4
WL Wide-Lane Phase | 4y /A4 |4 /42| O 0 86.2 1.3 1.7
NL Narrow-Lane Phase | Av/4 | Av/Z | 0 0 10.7 1.3 1.7
MW | Melbourne-Wiilbbena | Ay /4 |[-AwlAx| Ay/ A4 | An/A4 | 86.2 0.0 21
MP1 L1-Multipath 2G,-1| -2¢, 1 0 - 0.0 30
MP2 L2-Multipath -2G | 2G-1 0 1 - 0.0 30

Cr= 2 A~ 12°), Co =~ 122 R = 1), 2y =1 2y =11 2), Ay =LILI 2y +11 2y)
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Single Layer Model

lonospheric Delay Model:

;_ 40.30x10'°
T

TEC ~

1 40.30x10'°
cosz'  f?

IPP Position/Slant Factor:

z=m/2-El

z' =arcsin
e

¢, = arcsin(cosasin ¢ +sin a.cos¢cos Az)

App = A+arcsin

R,sinz
R, +H

z—2z'

ion

sinasin Az

pp

X

VIEC(t,8,p, App)

IPP: lonospheric

Pierce Point\
K

3

Receiver

SateIIite/&ib
«

2009/7/31 0:00

m g TR oas o

2009/7/31 8:00

om g TR oar st

2009/7/31 16:00

lonospheric TEC Grid

2009/7/31 2:00

em e T xoas st a:

2009/7/31 10:00

oar st

2009/7/31 18:00

Tten e ) e B
| - |

2009/7/31 4:00

- xoar st a:

2009/7/31 12:00

2009/7/31 20:00

(IGS TEC Final, GPS Time)

vion M TTRCTTICN, MRN8 B

2009/7/31 6:00

em I oas st a

2009/7/31 14:00

RO 04 Bt

2009/7/31 22:00
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Tropospheric Delay

Tropospheric Delay Model:
T = my,(El)ZHD + m,,(E[)ZWD

J— 00022768p _ 000
1-0.00266c0s2¢ —2.8x10 "' H Dela
: Zenith Hydrostatic Delay (m) Y Slant
ZwD  :Zenith Wet Delay (m) g Delay
my,(El) : Hydrostatic Mapping Function 111777077777

m,, (El) :Wet Mapping Function

ZWD to PWV (Precipitable Water Vapor):

T, =70.2+0.72T
R, =461,k =776,
1x10°

PWYV = ZWD  J, =71.98,ky = 3.754x10°

k
ky —hy 2 23 m, =18.0152,m, = 28.9644
mgy T

m

89

Mapping Function

a
b
1+ 1
m(El) = +Z a,b,c : Mapping Function
sin(El) + Coefficients
. b
Sin(El) + ————
sin(El) +c
NMF, GMF, VMF1
i . I*‘I}'dmslz[:clhppx‘ngFunc[:m'Pﬂsl=3615lfD!’6’-m ‘ W ‘ ‘ Wclklhppingll'unc[imlPﬂFSE‘lz 1401761,3 .
Hydrostatic ] Wet o
VMF1 109 VMF1
10.1
1083

E 10.14 E
"5 é 108
= 10.13 g
g E 1075
L:ﬂ 1012 L:n
é é 10.7
5 i E 10.63

100 106

10.09 - 1055

MGZ‘,EOOG 200‘6.2 20(;6.4 2*}(;6.6 21}1.';6.3 %YO‘O" 20(;3‘.2 200"-‘.4 20[‘)7.6 20(‘)'-‘.3 2008 1015006 200‘63 200‘6-.\ 20*;6.6 160‘6.3 lOIOT-‘ 20(;7.3 200"-‘.-4 20(‘)7.6 200‘3‘3 2008

Year

(2006/1/1-2007/12/31, TSKB, El=5deg)
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Antenna Phase Center 1

Receiver Antenna
Phase Center:

Y s

Antenna ¢
Phase ,
Center |/ NS
; | dr, pev
dr,pco
Antenna Antenna Phase
Reference Center Offset
Point (ARP)

z (V)
y (N)‘l’_’x (E)

Antenna Phase Center Variation (PCV)

Zero-Offset Type

Choke-Ring Type

12 -

IGS Absolute Antenna Model (IGS05.PCV) o1

Antenna Phase Center 2

Satellite Antenna

Phase Center:

Antenna Phase
Center

Satellite Coordinate to ECEF:

S A8 S
Esat—)ecef =(e’x,e y:€ z)

s s
r ro,,—r
eSZ e, = sun
s s
r Coun — T
s s
e zxe
esy=—z s ,esx=esyxesz
e’, xe,

Mass Center of
Satellite

Antenna Phase

d S
PCo center Offset

Nadir Angle
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Site Displacement

* Displacement of Ground-Fixed Receiver
— Solid Earth Tide
— Ocean Tide Loading (OTL)
— Pole Tide
— Atmospheric Loading

* Tide Model
— |ERS Conventions 1996/2003/2010

— Ocean Loading: Schwiderski, GOT99.2/00.2, CSR 3.0/4.0,
FES99/2004, NAO99.b

- MZISZ'NZ'KZ'Kl'Ol'PllQllMlIMmISsa
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Earth Tides

Earth Tides Model

E-W (cm)

N-S (cm)

U-D (cm)
(=]

100 200 300 400 500 600 700
Time (H)

IERS Conventions 1996 + NAO99.b, 2007/1/1-1/31, TSKB
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Phase Wind-up Effect

e Relative rotation between satellite and receiver antennas
effect to the measured phase of RHCP signal.

D*-D
d ,, = Aysign(e; - (D’ x D,))arccos - " |27+ N
Io*|lio|

D =e; —e,(e, -e;)—e, xej :Dipole Vector of Satellite Antenna

D, =e, . —¢,(e; -, ) +e; xe, , : Dipole Vector of Receiver Antenna
Eccer senu = (er,xT!er,yT'er,zT)T : ECEF to ENU Transformation Matrix
€, :LOS Vector from Receiver to Satellite Antenna

N :lInteger Ambiguity
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Relativistic Effects

 Satellite/Receiver:

— Frequency Shift by Earth Gravity (General Rel.)

— Frequency Shift by Sun/Moon Gravity (General Rel.)

— Second-Order Doppler-Shift by Motion (Special Rel.)
* Signal Propagation:

— Sagnac Correction (Rotating Coordinates)

— Shapiro Time Delay Effect

— Lense-Thirring Drag

Satellite Clock Bias/Rate Correction oS S

+ Periodic Term: el = 2
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Real-Time PPP via QZSS LEX

GPS GLONASS Galileo QZzSS

LEX Signal

Reference ~ 1.7 Kbit/s

Stations

MADOCA

Precise

MGM-Net Orbit/Clock PPP Users
Estimation 97

MADOCA (1)

Multi-GNSS Advanced Demonstration tool
for Orbit and Clock Analysis

* For real-time PPP service via QZSS LEX
— Many (potential) applications over global area

* Precise orbit/clock for multi-GNSS constellation
— Key-technology for future cm-class positioning

* Brand-new codes developed from scratch

— Optimized multi-threading design for recent CPU
— As basis of future model improvements
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MADOCA (2)

Data Interfaces

Parameter Estimator

Data Interfaces

: 5 ‘[ MGRTE
MGM 7| , .
— RDS ; :
et e i EKF
RTCM, | : :
BINEX, ! ; :
Javad i |
R P
i | i MGEST
IGS —>1  Offline 1—;8885:
o 550 | =

MADOCA API

LEX
MT 12

99

5 C Ebiot

\ eosiid

MADOCA: Real Time Products

Real-time Products:

RTCM Message Type
QZ55

Update
Interval

GPS

Galiles

MNotes

1s | APC, TTRF2005,

B A/ wowrw 1 2340, 52k 1921

i e i e s s s i bk ki ol e T Y G

MGRT1 GPS Orbit/Clock Errors wrt IGU (GPS Week 1854, 2015/07/19-2015/07/25)

MGRT1 QZSS Orbit/Clock Errors wrt MGR (GPS Week 1854, 2015/07/19-2015/07/25)
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MADOCA (4)

STATION POSITION

FE".

- /@ stk 3|

BB,;? E\?Rﬂz rz;f:f sl

E‘N‘L “ =lf TASHT

wcposﬁ?&ﬁ"gﬁa'“x
L J
I .DUNDO
MAC10
. o o casio e
= MAWISav1 0 b ~y
P

® QZSS-MS ¢ MGM-Net ¢ IGS * MGEX
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PPP Setup (1)

QZ55-MS, NTRIP
MGM-NET J MADOCA
IGS Caster

IP-Addr ; *%* *¥* xx% *%% port: 80
MountP : ¥** gr ***

USER-ID : ***, pPW ; ***

Data : RTCM 3, GPS+GLO+QZS, APC

NTRIP
Caster

IP-Addr ; *%* *¥* xx% *%% port: 80
MountP : ***

USER-ID : ***, pPW ; ***

Data : NovAtel OEM6

RTKNAVI
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PPP Setup (2)

RTKNAVI RTKNAVI - Input Streams

vz SR Input Streams
2000/01/01 00:00:00.0 cest| 1 | 000000000 o L | Input Stream Type OptCmd  Format  Opt
Lat/Lon/Height ~ |[Rover iR (@Brz) - [+ (1) Rover Serial P [y e NOvAle OEME v ||
[](2) Base Station Serial . [RTCM 2
[#] (3) Correction I NTRIP Client ~|- I RTCM 3 vI
OFF 0.0 0.0
Options
Settingl | Setting2 | Output | Statistics | Positions | Files | Misc |
Paositioning Mode PPP Kinematic v &
Frequendes [ Filter Type L1H2 Forward
Elevation Mask (°) / SNR Mask (dbHz) 15 ]
Rec Dynamics / Earth Tides Correction | OFF Solid ]
Ionosphere Correction Iono-Free LC v
RTKNAVI
Troposphere Correction Estimate ZTD v R
‘ : - Options
Satellite Ephemeris/Clock Broadcast+SSR APC v
[¥]satPcv [¥]RecPCV [¥]Ph-Windup [V]RejectEd || RAIM FDE
Excuded Satellites (+PRN: Induded)
GPs [V]GLO [Galleo [¥]Qzss []seas [ |BeiDou
Load Save oK Cancel
103
RTKNAVI ver.2.4.2 (2)
2014/07/27 06:29:50.0 GPST LI e oL RTKNAVI
Scltion PPP ® i
N: 3B 41407
e 139 a2ssas | [y [
He: 97675 m ] ||
el (11111 RTKPLOT
1 - ! 8 [Ty - a
S Ele Edt View Help - H
e oty e v 418+ - s 08 x w0 RTKPLOT GE VIew
= RTKPLOT ver.2.4.2: Google Earth View — O Bl
B+ wE e A#&A_ii Bapd ol Close
»

[R12014/07/27 06:30:08.00 GPST : 35.604755276" 13, 700013003" §7.1865m Q= EF°FF
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RTKLIB Practice (MADOCA-PPP)

= RTKPLOT ver.2.4.2: Google Earth View - olEH
B+wBm AdDk|41 DapdP|load m*|

105




