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Timetable

May 15, 2019
1 Theory of PP (precise positioning) 9:30-10:10
2 RTK Basics 10:10-10:50
3 RTK Practice 11:00-12:30
Lunch Break 12:30-13:30
4 PPP Basics 13:30-14:10
5 PPP Practice 14:20-16:00

6 Advanced Topics of PP 16:10-16:30



1 Theory of PP
(precise positioning)



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 (lll-), 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
L5-1/Q BPSK (10) -/100 bps GPS (IIF-), QZSS
L5/E5a |1176.45
E5a-1/Q | BPSK (10) -/50 bps Galileo
ESb 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 QZzSS




Spreading (PRN) Code (GPS L1C/A)

PRN Code Generator

G1 Generator
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G2 Generator

Auto-correlation function
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Navigation Data (GPS LNAV)

Subframe 30bits x 10words = 300 bits (50bps x 6 s)
1 GPS Week #, SV Accuracy and Health, SV Clock,...
2 Ephemeris
3 Ephemeris
4 | Almanac and Health SV 25-32, lono/UTC,... | Page 1-25
5 | Almanac and Health SV 1-24,... | Page 1-25
Prea\mble Subframe 24bits 6k}its
TLM | |P| HOW ||P P P P
/15/ P P P P

TOW Count (x 6s) ID




Receiver Functional Diagram
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Carrier/Code Tracking in Receiver

aseband Processor
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Receiver and Navigation Processing

* Receiver processing
— Acquisition : Doppler-freq/code-phase search
— Code tracking  : DLL (Delay Lock Loop)
— Carrier tracking : PLL/FLL (Phase/Freq Lock Loop)
— Decode navigation data
— Generation of pseudorange and carrier-phase
* Navigation processing
— Positioning algorithms (single, DGPS, RTK, ...)
— Coordinates transformation
— 1/O message handling (NMEA, RTCM, ...)
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Pseudorange

Definition:
The pseudo-range (PR) is the distance from the
P =cr = C(t_ _ t_s) receiver antenna to the satellite antenna including
receiver and satellite clock offsets (and other
(m) biases, such as atmospheric delays) (RINEX 2.10)

@ At Satellite 4 7 L. —7 Time by Satellite Clock (s)
| >
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@ At Receiver L, Time by Receiver Clock (s)
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Carrier-Phase

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

$=¢—¢ +N 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: ¢S (t_S)/Q\\

NP

Local Reference Frequency: &, (Zr)
Carrier Beat Frequency: O =¢" —¢ + N/J%

/\/\/\/\/\/\/\/\P
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Pseudorange Model

(3) Satellite

P =cr Clock Bias
=c(t,—t") (1) Geometric
=c((t, +dt)— (' +dT*)) +&, range
_ C(tr _ IS) n c(dtr . dTS) te, (4) lonosphere

=(p, +1 +T )+c(dt. —dT")+ ¢,
=p. +c(dt —dT" )+ 1 +T° +¢,

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

(6) Multipath +
Receiver Noise + Other Errors

(5) Troposphere




SD (standard positionig)
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Code vs Carrier-Based Positioning

SD (standard positioning,
code-based)

PP (precise positioning,
carrier-based)

Observables Pseudorange Carrier-Phase +
(Code) Pseudorange
Receiver Noise 30cm 3 mm
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), 5 m (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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Carrier-Phase Model (1)

Carrier-Phase:

g =9.()-¢ (I')+N, +¢, (810 =0-(t0) % =& (ty))
=(f(t, +dt, —t))+¢ ) —(f(' +dT* —t,)+ )+ N +e¢,
=%(fr — 1) +%(th —dT" )+ (@, —4 +N,)+¢&,  (cycle)

D' = Ag =c(t, —1°) +c(dt, —dT’ )+ M@, , — 4 + N}) + Ae,
=p’+e(dt, —dT*)-I' +T° + AB' +d’ + ¢, (m)

D

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:

By =404 +N;  (cycle)
N.  :Integer Ambiguity
¢r,0 : Receiver Initial Phase
@y  :Satellite Initial Phase

Other Correction Terms:

s T s s S s T s
d_r_ _dr,pco er,enu + Esat—>ecefdpco )[er + dr,pcv + dpcv o ddz'sp er,enu

T dpw + drel (m)

dr’pco : Receiver Antenna Phase Center Offset
dr,pcv : Receiver Antenna Phase Center Variation
d;co : Satellite Antenna Phase Center Offset
d;cv : Satellite Antenna Phase Center Variation
ddiSp : Site Displacement

dpw : Phase Wind-up Effect

d,.; :Relativistic Effect
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2 RTK Basics
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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)

Communication Link RTK User
N Receiver
K (Rover)

‘rf

RTK
Reference
Station
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RTK Applications

Construction Machine
Control

Self-driving Car Mapping UAV (Drone)
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RTK Algorithm (1)

Carrier-Phase:
b =4,)=¢ )+ N, +5, (d.0=0.(t0).90 =¢ (1))
=(f(t, +dt, —t))+ ¢, )—(f(£ +dT" —t,))+ )+ N, +¢,
=, =)+l =dT) + (fy =y + N v, (V)
D, =Ag. =c(t, -t )+c(dt, —dT")+ U@, — ¢ + N,) + Lg,
=p, +c(dt, —dT°) -1, + T’ + AB, +d; + ¢, (m)

Carrier-Phase Bias Other Correction Terms

Carrier-Phase Bias:
Bl =¢.,—# +N;  (cycle)

N, : Integer Ambiguity
¢r,0 : Receiver Initial Phase
¢8 : Satellite Initial Phase
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RTK Algorithm (2)

DD (Double-difference) :
@, = A4, — )~ (4! —¢)))
= puy +(dty, —dT) = I, + T + AB,, +d;, + &,
=Py =Ly + Ty + ANy, +d,), + &,
dt’, = dtl —dt] =0,dT", =dT}, —dT? ~0

Bl = (80 =0+ No) = (B0 = 80+ Ni) = (B0 — 8] + N+ (0 — ] + NJ) = N},
{ (short Baseline and same antenna type)

j o AU ij . . )
Dy = Py T ANy + & 1V =1}, — 17, ~0,T) =T, —T), ~0,d”, =d}, —d}, ~0
¢i j % Satellite j

Receiver b

Receiver u

Baseline
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RTK Algorithm (3)

Nonlinear-LSE:

Parameter Vector
X (r S2S1 NS3S1 N S Sl)

Measurement Vector:

Y=Y ¥ T

Meas Model, Design Matrix:

() = (B, 007 h, (07 b, )" [

T T T
H:(Htl M T H, )r

Meas Error Covariance:
R = blkdiag(R, ,R, ... R, )

Solution (Static/Float):
X=xXo+(HRTHY THTR (y = h(xy))

htk (x)= Puugy ~

P = Py AN

T
N S

T

S3S
H, =|~&n 0 4 = 0
: . : : .o
eumtk o 0 --- A
20'@2 40'@2 20'@
Ry, = : : :
20'@2 20'4}2 40'4}2

S2S1 S3Sl S Sl
_(@bt ’@ub,t S ubtk)

$281 $251 S2S1
pu’tk pb +/1N

§381 5351 smsl
pbt + AN,
I

I, : Fixed Base-Station Position
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Integer Ambiguity Resolution

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

X

aeZ” beR"

argmin (Y — HX)TQy_l(y — HXx)

Strategy to solve it:
(1) Conventional LSE

a
b Qba Qb
(2) Search Integer Vector with Minimum Squared Residuals

a=argmin(d-a)’ Q, '(d-a)
aeZ”
(3) Improve solution

b=b-Q,Q,'(@-4a)

RZ[A]:QXHTley,QXZ(Qa Qabj:(HT

Q,H)™

ILS: Integer Least Square

24



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 |ILS Estimation with:

— Shrink Integer Search Space with "Decorrelation"

— Efficient Tree Search Strategy

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

aeZ”

a =argmin@—a)’ Qa_1 (a-a) <:> 5 =

I T A T
1=274,Q.=27Q,7

argmin(? — z)7 QZ_I(i ~2)

zeZ”
- T
a=2 "1
2——lr————‘y————lr—f——w——
1-- ————‘y——.——r————r——
Z, :
OF —o—— —‘y———— = -~ £
ey
-1
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Effect of Baseline Length

RMS Error:
E: 0.2cm
N: 0.6cm
U: 1.0cm
Fix Ratio:

99.9%

RMS Error:
E: 10.0cm
N:12.0cm
U: 30.2cm
Fix Ratio:
64.3%

BL=0.3 km

BL=13.3 km

u.2

E-W (m) ORI= 36,10353513° 140.08630715° 69.744m E-W (m) ORI= 35.03133950% 140.20244350% 70.903m
o AVE=-0,001m STD=0.002m RM5=0,002m o1 AVE=-0.003m STD=0.022m RMS=0.022m
00 et N AN pmetnnmee RIVIS ErrOF:
-0.1 -0.1
N E: 2.2cm
15 {m) AVE=-0,005m STD=0.003m RM5=0,006m T insm AVE=-0,003m STD=0,024m RMS=0.024m
.
N: 2.4cm
. 0 APt} gt P O S o PP it i W
" " e U: 10.6cm
-0.1 -0.1 - -
. o2 Fix Ratio:
“luom AVE=-0,008m STD=0.006m RMS=0,010m T luom AVE=-0,015m 5TD=0, 105m RMS =0, 106m
‘ ; 94.2%
) ) . . - B b
. A A A A A AR A R R Bt “WW{@{H#M‘}W
a1 0.1 ) ?
o0 03:00 06:00 09:00 12:00 15:00 18:00 21:00 Lo 03:00 06:00 08:00 12:00 15:00 18:00 21:00
BL=32.2 km BL=60.9 km
. E-W (m) ORI= 35.97040871¢ 140.40295058° 55. 135m b E-W {m) ORI= 35.64235344° 140,44830086° 77.853m
AVE=0.014m STD=0.099m RM5=0. 100m AVE=0.009m STDi=0.139m RMS=0. 140m
0.1 0.1
. Pa—— Lt . 5
Wl AN N e Ve oo e gy A TR 5 e RMS Error:
0.1 -0.1
» W E: 14.0cm
N-5 (m) AVE=0,003m STD=0.120m RMS=0.120m "I ns (m) AVE=.026m STD=0.146m RMS=0, 148m
, N: 14.8cm
6‘ s . -y | * r I} ¥z 4
0.0 0 My wamn saprm e A ‘w,;\'% i ] ir*\ww sow? é“ﬁ' e q,"! ! \3‘. gy e L ‘\/.W". U: 26.7Cm
0.1 0.1 F. R t.
IX Ratllo:
02 u-D im) AVE=D,020m STD=0.301m RMS =0.302m 2 U-D {m} AVE=0.002m STD=0.267m RMS=0.257m

H '#* ga; L g ‘3 | '
Ulugfig :ﬂ?‘ W&*W”’é ? ‘fw%g ity a l;@ﬁ,‘*’v‘- ey

0,

06:00 09:00 12:00 15:00 18:00 21:00

(24 hr Kinematic

.2
00:00 03:00

e : Fixed Solution

) i 44.4%

] ) :
al o il I AR %ﬁ‘%
0.0y 4 rt {8 H [ 2 ¥
SN Y R
a1 H i 1 il ¢
1 1
ﬂh%:ﬂﬂ 03:00 08:00 09:00 12:00 15:00 : 18:00 21:00

o : Float Solution) 26



Network RTK (NRTK)

* 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 3.2
— Server S/W: Trimble GPSNet, GEO++ GNSMART, ...
— NTRIP Networked Transport of RTCM via Internet Protocol

* NRTK Service in Japan
— GEONET: ~1300 Reference Stations by GSI

— NGDS (www.gpsdata.co.jp), JENOBA (www.jenoba.jp), Nihon Terasat
(www.terasat.co.jp)



Japanese GEONET

GEONET STATIONS MAP by Google Map : GEONS

I £2011 Tarmbintries, SEF—5

sergyons 200711 provibedd by GS1. Hagght : el ey

7 (http://terras.gsi.go.jp

Map | Home

= e ENRIN, Eurnpa Tachnoingies, Tein Atss - SEIRLE: [3

/ia/index.htm)
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NTRIP

* Networked Transport of RTCM via Internet Protocol

REF1

REF2

4

REF3

>0
NTRIP

Caster

REFn

NTRIP Server

Mount Point

S
rd
S
rd
S
rd
S
rd
S
rd
S
rd
S
rd
S
rd
U/

Internet

RTK
User
Receivers
(Rovers)

NTRIP Clients

% Ntrip Browser ver.2.4.3 b30

Mountpoint
FFMI1
GAMB1
GAMG1
GOPED
GOP&0D
GOPS1
GOP&2
GRAC1
GRAS1
HARB1
HOB27
JoGz20
KAT17
KERG1
KIRI4
KIT30
KITG1
]

File Edit View Help
¥ rtigs.org:2101

D

Frankfurt
Rikitea CNES
Gamak CMNES
Pecny-Ondrejov
Pecny-MGEX
Pecny-MGEX
Pecny-MGEX
Grasse IGN
Grasse CNES
Harb CNES
Haobart (TAS)
Yogyakarta
Katherine (NT)
Kerguelen CNES
Betio

Kitab

Kitab CNES

source table received

-+
Format
RTCM 3.1
RTCM 3.1
RTCM 3.1
RTCM 2.3
RTCM 3
RTCM 2
LB2
RTCM 3.1
RTCM 3.1
RTCM 3.1
RTCM 3.2
RTCM3.0
RTCM 3.2
RTCM 3.1
RTCM 3.2
RTCM 3.0
RTCM 3.1

CAS MET SRC MAP

Format-Details

1004(1), 1006(10), 1008(10), 1012(1), 101530}, 10
1004/1012(1), 1006/1008/1013/1033(10), 1019/ 1(
1004/1012(1), 1006,/1008/1013/1033(10), 1019/1(
3(10),18(1), 19(1),22(10)

1004{1),1006(15), 1008(15),1012(1), 1033(15)
1(1),3(15),18(1), 19(1),22(15),23(15), 24(15)

1004/1012(1), 1006/1008/1013/1033(10), 1019/1(
1004/1012(1), 1006/1008/1013/1033(10), 1013/1(
1004/1012(1), 1006/1008/1013/1033(10), 1019/1(
1005(15), 1008(15), 1013(60), 1013(50), 1020(50),
1004(1), 1006(10), 1007(10), 10 12(1), 1018(120), 1
1006(15), 1008(15), 1013(60), 1018(50), 1020(50),
1004/1012(1), 1006/1008/1013/1033(10), 1013/1(
1006(15), 1008(15), 1013(15), 1019(50), 1020(50),
1004(1), 1006(10), 1007(10),1012(1), 1018(120),1
1004/1012(1), 1006/1008/1013/1033(10), 1013/1(

Carri Nav-System Metwork

[ I R N R N N N N N N )

GPS+GLO 1G5
GPS+GLO+GAL- REGIMA, IGE
GPS+GLO REGIMA,RG
GPS+GLO 1G5
GPS+GLO4GAL 1G5
GPS+GLO+GAL IG5
GPS+GLO+GAL IG5
GPS+GLOMASS  RGP,REGIMN
GPS+GLO RGP, EPN,IC
GPS+GLO+GAL- REGIMA, IGE
GPS+GLO+GAL- ARGN
GPS+GLO+GAL Misc
GPS+GLO+GAL- ARGN
GPS+GLO+GAL- REGINA,IGE
GPS+GLO+GAL- SPRGN
GPS+GLO+GAL IG5
GPS+GLO+GAL- REGIMA, IGE

Cour
DEU
PYF
KOR.
CZE
CZE
CZE
CZE
FRA
FRA
FRA
AUS
DM
AUS
FRA
KIR
UZB
UZE

Latitude
50.09
-23.07
35.59
49.91
49.91
49.91
49.91
43.75
43.75
-25.53
42,8047
-7.50
-14.3760
-45.21
1.35458
33.94
39.8

Longitude MM So

8.66
-134,57
127.92
14.79
14.79
14.79
14.79
6,92
6.92
27.42
147.4387
107.25
132,153:
70.15
172,9228
66.88
66.53

a

CooDoOCoDOoOCOoOoOO0OO0O00O0Qo

a

00000 R0 0 RO 000R O

Generator

JAVAD TRE_G3TH DELT.
Trimble NetR9

SEPT POLARXATR
Topcon MetG3

Leica GRX1200+GNSS
Leica GRX1200+GNSS
Leica GRX1200+GNS5
Leica GR25

Trimble NetR 5

Trimble NetR9

SEPT POLARXS

JAVAD TRE_G3TH DELT.
SEPT POALRXS

Trimble NetR9

TRIMELE NETRS

JAVAD TRE_G3TH DELT
Trimble NetRS

Com|
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none

Au Fe

M mmmMm®mMmomomoOoooDom:mo

=z

ZZ=EZzEZ=z=Z=2=zZz=Z=Z=Z=Z2=z2=Z:=2

Bitrate
2400
2400
2400

3000
3000
3000
2400
2400
2400
2500
3000
9800
2400
9800
3000
2400
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RTCM 3.3 OBS, MSM, NAV, ANT

Message GPS GLOASS Galileo QZSS Bei1Dou SBAS
OBS Compact L1 1001 1009 - - - -
Full L1 1002 1010 - - - -
Compact L1/2 1003 1011 - - - -
Full L1/2 1004 1012 - - - -
Ephemeris 1019 1020 1045/6 1044 1042 -
MSM 1 1071 1081 1091 1111 1121 1101
2 1072 1082 1092 1112 1122 1102
3 1073 1083 1093 1113 1123 1103
4 1074 1084 1094 1114 1124 1104
5 1075 1085 1095 1115 1125 1105
6 1076 1086 1096 1116 1126 1106
7 1077 1087 1097 1117 1127 1107
SSR Orbit Corr. 1057 1063 1240%* 1246* 1258* 1252*
Clock Corr. 1058 1064 1241* 1247* 1259* 1253*
Code Bias 1059 1065 1242* 1248* 1260* 1254*
Combined 1060 1066 1243* 1249* 1261* 1255*
URA 1061 1067 1244* 1250%* 1262* 1256*
HR-Clock 1062 1068 1245* 1251* 1263* 1257*
Antenna Info 1005 1006 1007 1008 1033
* draft




3 RTK Practice
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Receiver and Antenna

ZED-FOP

u-blox F9 high precision GNSS module

Muiti: i level sccuracy in seconds

= Concurrent reception of GPS, GLONASS, Galileo and BeiDou g

* Multi-band RTK with fast times

* High up for highly Frefessianat
- accuracy in a small and energy-effi module

= Easy integration of RTK for fast time-to-market

17.0% 320 % 24 mm

a
2
&
@
[zl
Grage
Automatie
Profyssional .
Standard
GNSS
GPS /0255 .
GLONASS .
Product description Galileo 2
The ZED-FOP positioning module features the new u-blex F8 g .
receiver platform, which provides multi-band GNSS to high
velurme industrial applications in 8 compact form factor. e ol concune NS ‘
ZED-FOP is 8 multi-band GNSS medule with integrated MuitBend .
u-blax rulti-band ATK for Jevel acey. S .
racy. The module snables pr gation and " uART
of maving industrial machinery by means of a small, surface  US8 1
rmounted module. s 1
The ZED-FSP module is designed for easy integration 80d  poc (sG compaant) )
lewe design-in costs with minimal e-BOM. It is well-suited for e
adoption, thanks amall packags , light N n .
weight, and small power consumption. Prog ol (Flasd
ZED-FHP ansures the security of positioning and navigation D00 28aing
i using secure and advanced jam-  Camer phase cutput -
g i
rming and spoofing detection technologies. Adkstionsl SAW -
ZED-FAF offers suppart for a range of cormction senices  pre cngew N
allowing sach o according

to the application’s individual noed. ZED-FOP comes with oo o T
Built-in support for standard RTCM corrections, supporting  RTK rover . u - ox -
centimeter-level navigation from local base stations or from

wirtual reference stations (VRS) in a Network ATK setup. The abess .
e upgraded pport future SSA-type .
tion services suitable for mass market penetration. e e L -
u-blox modules are manufactured in ISO/TS 16940 certified  Timepulse 1
siter y . . Qualification test:
inthe 5016 “Road  27V-36V .

wehicles - Envi testing for electrical

and electronic equipment”, TeToMD

@blox Receiver Modules are provided by @oiox.

Ly To08 18T - 08
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Setup u-blox Receiver/u-center

* Install u-center 19.04 to your laptop PC
— seminar_2019¥ublox¥u-centersetup_v19.04.zip

u-blox
u-blox ZED-F9P u-center

Mini-EVK Card

your Laptop PC
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u-center 19.04

File Edit View Player Receiver

@ v o v | B A

Tools Window Help

ivleBy & s e

@ COM15 - ucenter 18,06 T ——

-

I
2 hE EDEE~yAR-E-r-m- BE B0 NG H :
_ Docking Windows
Mes Con nect ation) - PVT (Navigation PVT Solution) D t
status) = -
Button J status) LB - NAY [Navigation] - PYT [Navigation PYT Salulion) ata
ision Posit
--HPPOSLLH (High Precision Geod: Param Ve Units =
) GPS Time Tag 364447.000 15l
. ORB (Orbit Info UTC Date and Time 26/ 7/ 2018 051349 +000091624 FOOP
POSECEF (Position ECEF) UTC Date and Time Confirmation Status na HDOP
- PUSELER (Fosition ELEF) = UTC Time Accuracy 3 [ns]
POSLLH (Geodetic Position) Pasition Fix Type
-PVT (Navigation PVT Solution): E';;Ias?:te M essa ge =
- RELPOSNED (Relative Position N Pasition Latitude 1383896653, 1004.2, 9...  [deg.deg.m.m|
i TODO (Ra atar) Poasition Accurac . [rmm]
RESETODO (Re dometer)
o e Velocity North, E View 10013 [m/s.m/s.m/s]
-5 Satellite Information) Welocity, Heading [mz,ded]
..SBAS (SBAS Status) Speed over Ground 0015 [mds]
SIG (Signal Info Fiom Heading of Mation, Heading of Yehicle 00, nfa [deq.deq]
=l | Signal Infermation) tagnetic Declination, Declination Accuracy Estim... nfa, nfa [deg.deq]
- SLAS (QZSS SLAS Status) 52 FDOP 117
f] I G
” @ | 3% poll | 5 K | [ |
Configure - Antenna Settings
R Cattinge] -
ANT (Antenna Settings) UBX - CFG [Corfig] - ANT [Arterna Settings]
BATCH (Batch mode output)
Ml |CFG (Configuration) | I¥ Enable supply voltage contral signal
DAT (Datum) “| | ™ Enable short circuit detection
DGMSS (Differential GNSS configuration) [¥ Enable short circuit power down logic
0SC (D d Oscillator) V¥ Enable auton o .
DYNSEED (Dynamic [ Enable open Conflgu ration
EKF (EKF Settings) V_
Contral Signal
Shart Circuit Detection 15
Open Circuit Detection 14
GEOFENCE (Ge
GNSS (GNSS Config)
HE o | B m L
e | e
u-blox MB/8 == COM15 9600 |No file open UBX  |D0:02:C|05:13:4|&
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Configure u-blox Receiver

* GNSS (GNSS Config)
GPS, Galileo, BeiDou, QZSS, GLONASS: Enabled

« MSG (Messages)
02-15 RXM-RAWX: USB - ON (raw observation data)
02-13 RXM-SFRBX: USB - ON (navigation data)
01-07 NAV-PVT: USB - ON (optional)
01-35 NAV-SAT: USB - ON (optional)
Others: USB - OFF

* CFG (Configuration)
Save current configuration
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UBX-RXM-RAWX

@ COM15 - u-center 18.06 - [Messages - UBX - RXM (Receiver Manager) - RAWX (Multi-GNSS Raw Measurement Data)T‘ = X
[ File Edit Wiew Player Receiver Tools Window Help =l RS
o v v | B A vl it &% & * v 4
2 HODZERER~vEvm~- O B0 NG S
i LB - R [Receiver Manager) - BaMWw [MultiGNSS Raw Measurement D ata) B4z
Lacal Time 20711:374006.010000000 [3]
ter Dista
_ Leap seconds 18 MALID) [3]  Clock reset [ E
r Ground and ( g
1 Sign... | G... | Pseudo Range [m] | Carier Phase [c... | Dopple... | Lock T...| SNR | PRSt.. | CPSid.. | DOSt. | P | = 5
B20 B1D1 2727266941 142018316.06  -2305.2 E4500 44 03z 0.004 05z e Y @ E
B23 B1D1 2B057302.70 13068717233 21474 £4500 46 03z 0.004 05z e v @ .
GOE  LI1C/A 23308321.52 122486037.90 78839 B4500 a0 03z 0.004 0sze vy @
G23 LIC/A 2B014279.91 136705349.34 173056 E4500 44 03z 0.004 051z e Y @
GO3  LIC/A 23780294 56 124966274.69 -30n.8 £4500 48 n3z 0.004 051z e v @
G183 LIC/A 23066247 83 12334145878 12330 54500 43 03z 0.004 0512 e Y @
GO5  LI1CAA 2E488704.18 139199076.00 31435 B4500 45 03z 0.004 0512 @ Y @~
E02  EIC 2600064420 136634204.88 16423 £4500 43 n3z 0.004 051z e v @
E07  EIC 26203520.70 137731951.71 9183 54500 45 03z 0.004 05ze ¥ @
E26  EIC 24894493 44 13082145322 18918 B4500 45 03z 0.004 05z e Y @
Boz2  B1D1 3887290820 0242141288 2552 E4500 45 03z 0.004 05z e v @
B B1DZ 33363065.33 20812936218 3270 B4500 44 03z 0.004 05z e v @
E04 BIDZ 40527938.69 211039852.20 3483 B4500 41 03z 0.004 051Ze ¥ @
HNR (High Navi B3 B1D1 39936160.58 20821840354  1077.2  E4500 45 032 0004 0512e VY e
. r‘_ " B03 B1DZ 407635929.75 1 2268443.67 3354 B4500 4 03z 0.004 05z e v @
INF (Informat BOZ B1D2 4233109824 22042910174 3956 4500 36 064 0004 052e Y e
L BOE  B1D1 41061337 62 A3NTIZA08 14945 E4500 r) 0E4 0.004 0sze v @
T E03  B1D1 43123520.45 224505440083 16462 23000 kil 128 0.003 05z e v @
B12 B1D1 273EB78E.E1 14251642499 32376 B4500 40 03z 0.004 051Ze ¥ @
B2z BI1D1 26182129.85 13633720670 24624 E4500 46 n3z 0.004 0sze v @
AV (Navigation) Qo LIcsA 41093852.20 215351152.43 -321.9 B4500 46 03z 0.004 0z e v @
o . GO7  LIC/A 28367339.25 145071359891 26336 E4500 7 064 0.004 051Ze ¥ @
M r Manager) E14 EIC 16248074 163759935.66 39338 E4500 34 0E4 0.004 0sze v @
G17  LIC/A 24521334 47 12836047288 22709 £4500 46 03z 0.004 0z e v @
G112 LIC/A 26836834 52 14134382413 -15.2 B4500 41 03z 0.004 0gze vy @
GO2  LICAA piricrcry A 138224561.05 27247 E4500 44 03z 0.004 0sze Y @
B13  B1D1 24503092 65 127625243.96 535.0 £4500 43 03z 0.004 0z e v @
- PMREQ (Power M
- RAWX (Multi-GNSS Raw MeasL
R LT L e
- RTCM (RTCM input status)
- SFRB (Subframe Data)
Bl SFRBX (Subframe Data NG) i
(SV Status Info) i ] I )
4 I 2
@ | X Fpoll % =N |
Ready u-blox M3/8 == COM15 9600 |No file open UBX  |02:42:1|07:54:(| &
h — = —
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UBX-RXM-SFRBX

-
e COM15 - u-center 18.06 - [Messagas - UBX - RXM (Receiver Manager) - SFRBX (Subframe Data NG)] ' |
[ File Edit Wiew Player Receiver Tools Window Help =S
o v | A el | &% @ L v I
@ha B0 DE~A-Em~ B
i LBk - R=M [Receiver Manager] - SFREX [Subframe Data NG) Oz
## denotes data received on subChn [™ Stip Parity Bits
5 MSG DATA [* denotes invalid words)
BDS 1B1DZ O 4 38904585 16880020 00000000 00000000 00000000 00001504 15555546 15555548 15555548
BDS ZB1DZ O 3 389035BE 1683E02C 00080133 OFF777D4 1DDDDDDE 3717F315 1BC4CETE 206301 0C 0001
BDS 3B1DZ 0 4 38904585 16830020 00000000 00000000 00000000 00001504 15555548 15555548 15555548
BDS 4B1DZ 0 4 38904585 16880020 00000000 00000000 00000000 00001504 15555546 15555548 15555548
BDS GBID1 O 3 3B9035BE 16714850 1C4CF249 14E87F24 371FFF2F 10440050 02837525 36350670 2555260
BDS SB1D1 O 3 383035BE 16714850 1C52FB15 39BCTFD'3 3937FFBF 13DDFEBT 250 CDFEY OB793000 2F446
BDS SB1D1 O 4412 38304585 O8FO32BS 251486B0 D0Z229CF 11DCACCA 2099F892 368437EBE 3FEIAECT 3A95FF
BDS 128101 0 3 3B9035BE 16714850 1C503510 DBESYFEA 3F27FD 49 29FCO0BS OOFFOF7S 28ECO07S 0954DC:
BDS 138101 0 3 383035BE 16714850 1C4FC44E OCCFFFCE 2F37FFFF 1265FFD 2 23BDFFOC 2BGE3DFE 240C00
. BDS 16E1D1 0 3 38503158 1E900080 00000000 00000000 00000000 00000000 00000000 00000000 00000000
= onitor) BDS 198101 0 3 3B9035BE 16732454 0B84F2B7F 35DEFFEO 3CYFFDYY 2003FF96 345DES2E 242978EC OBBEEE
NAV (Mavigation) BDS 20B101 O 3 389035BE 16714850 1C4E444E 167EB0RA 03EFFDCT 2DDE00A4 01434E17 3385B0DFA OBCE]
BDS 22B1D1 0 3 389035BE 16714850 1C4E 3645 24760004 00SFFDO3 2D8IFF4R 34039040 338CA2FE 134F30
BDS 298101 0 3 3B9035BE 16714850 1C4E4D47 15558048 05AFFDES 218E0054 OB3ETEE 2 28082004 2281F
GAaL 7 E1E O E2 021BAAEC D4DF4383 304F33C6 57B 74000 85C24000 00000024 AsAA4ECF CF7F4000
GAL B E1E O E2 021B4AD4 BE3203C2 BETGFE4C 960 C4000 85EC4000 00000024, A4sA44C0 BEFFA000
GAaL 14 E1B O E2 021B8FBT ABFD48FE 369FSDEZ 28130000 BF914000 00000024 AAAABATE EBYFA000
GAL 26 E1B8 O E2 02141585 7808890 FA245720 FE420000 BCO44000 00000024 AAA447E 7S 203F4000
GPS ZLIC/A 0 542341 22C30B36 9E73A038 150 9EATC 24001565 3F4EB007 2843630F 2EES0271 ABZDVAER 256F2
GPS BLICA O 54231 22C30B36 SE73AD33 15D 9E901 SECO17A4 3F4E0018 28436284 2EEBE 216 ABZCERF3 25464
GPS GLICA O 54231 22C30B36 9E73A038 15D 9EATC 24001865 3F4EB007 284 3630F 2EES0271 ABZDVAER 256FA
GPS 7LIC/A O 542341 22C30DB36 SE73AD038 15D 9EATC 240015865 3F4E8007 284 3635F 2EES0271 ABZDVAER 256F2
GPS SL1CA 0 54231 22C30DB36 SE73AD33 15D 9EATC 24001888 3F4E8007 284 3638F 2EERDZ271 ABZDVAER 256FA
GPS 12L1C/4 0 54231 22C30B36 SE73AD033 15D 9EATC 24001888 3F4E8007 284 3638F 2EERDZ271 ABZDVAER 256FA
GPS 17L1CA 0 542341 22C30B36 SE73A038 15D 9E901 SECO17A4 3F4E001S 284362584 2ZEEREZ16 ABZCERF3 25064
. RTCH GPS 19L1C/4 0 5/231 22C30B36 SE7340 38 150 9EA1C 24001868 3F4ES007 2843635F 2EEB0271 AB2DT7AER 256FA
R o GPS 23L1C4 0 54231 22C30B36 SE73AD033 15D 9EATC 24001888 3F4E8007 284 3638F 2EERDZ271 ABZDVAER 256FA
=A== ST A ] 0zZss 1150 43 53C7FFFO O00CE4BC 126C380E C2000641 74000000 00000000 00000001 A&1A0246
[]{5FRBX (Subframe Data N 0255 1LICA 0 5/0/3 22004424 1E734508 30254486 95 95 95 95 95 &b,
- 72-27 (Custom)
UNKNOWN
CUSTOM AL ] 1 "
4 1 3
& X AR
Ready u-blox M8/8 =m= COM15 9600 |No file open UBX  [02:44:Z(07:56:1|&




Start RTKLIB

e RTKLAUNCH (RTKLIB AP launcher)
seminar_2019¥rtklib_2.4.3b32¥bin¥rtklaunch.exe

RTKLIE v.2.4.3 b30

=

" 5

N\

RTKPLOT STRSVR ¢NTR|PBRS RTEGET
RTKCONV  RTKPOST RTKNAVI
4.3ba
ark ” @ H #0p H
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RTKNAVI

—~= [—
INDUE Streams | ——— -
A P - . o o
2018/07/26 08:30:11.0 GPST | 1| WOOsmE-C0m00 o | L Input Stream Type -
1) Rover Serial
Lat/Lon/Height = || Rover SNR (dBHz) \ - - Ciley ’
\ eeIe (2)Base Staton | TCP Client
| ( . .
Solution: CINCLE 50 (3) Correction | TCP Client
‘\ Transmit NMEA GPGGA to Base Station
N: 35° 52 22.8149" [oFF ~|[0.000000000 | [0.000000000 Q000
E: 138° 23" 22.7484" Reset Cmd |
He: 1003.754 m 0 Input File Paths -
N- 2750 E- 3498 U- 6,565 m |5:¥Users¥ttaka¥Deskb:|:|¥LHAPLUS¥I0g¥Iog_rau\'_frorn_ﬂexpadd!fromXark|
Age: 0.0 s Ratio: 0.0 £5at:16 |S:¥Users¥ttaka¥Deskb3p¥LHAPLUS¥I0g’-\élog_raw_ﬁom_3L¥f'r0mJ:ark_sec w i
| F — T
b )| 0D DDA 752 [0 0RRD 0 DD INDDAI1A 361002 3 2 —u‘
Gl j Drme [l kP | Serial Options

m] (1) CoOM15

Port COM15 *  Parity

ru—
Bitrate (bps) 115200  ~ Stop Bits

B Stop & Mark... ” D Plot 1+ Options...

Start Options —c— ByteSize  |8bits  +| Flow Control

Setting1 | setting2 | Output | Statistics | Positions | Files | Misc | | ] output Received Stream to TCP Port
Positioning Mode [Sr:gde v] | QK | Cancel
Frequencdies / Filter Type |L1+L2 - ” Forward | = —

i|  Elevation Mask (%) / SNR Mask (dbHz) 15 - ]
Rec Dynamics [ Earth Tides Correction | OFF - ” DFF - |
Tonosphere Correction [Emadmst ']

| Troposphere Correction [Saasianm v]
Satellite Ephemeris/Clock [Emad:zst v]
[[Isatpcy [|RecPcy [|PhwU [ |ReiEd [W]RAIM FDE [ | DBCorr
Excuded Satellites (+PRM: Induded) 1
crs [Valo [V Galleo [FQzss [¥]sBas [@]BeiDou []IRNSS 1

o e [ a o=
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RTKNAVI - RTK Monitor

(RTKNAVIver24.3b30
2018/07/26 08:30:11.0 GPST | 1 | WID-ESOOW0D o | o H

Lat/Lon/Height = || Rover sNR (dEHz) - -
GEIC

G011 00 2018/07/2402:00:00 2018/07/2402:00:00 -
GO2 2

G03 3

65 65 1

RTKNAVI

2018/0)

2018I0|
2018/0)

26560338.513 0.00801718

55.70287 145.15680 38.14550

-21.65601 2.3429E-07 -4.5204E-( |

Solution: [a RTKNAVI
N: 35| obs Data || Normal - Close
1381 | Trev GPsm) SAT RCV P1(m) P2 (m) PS5 (m) L1 (cyde) L2 (cyde) L5 (cyde) Di(Hz) D2(H7) D5(Hz) 51 52 55 I I I Cl1 C2 =
| 2018/07/26 08:31:28.996  GD2 1  20685118.147 0.000 0,000 108701037.500 0.000 0,000 2523.338 0.000 0,000 450 00 00 0 0 O LIC D
2015/0F =
- RTKNAV
2018/ S RIKNAVE Yoo o - ==
2018/0) || Nav GPS - || Al - ||Current Close
2013/00 | sAT PRN Stat. IODE IODC Aca Hea Toe Toc Tirans A (m) e i0 (deg) OMEGAD (d omega (dec MO (deg)  deltan (degfs OMEGAdot »

2018/ | gog 4 Streams - Close
2013/0f Gos 5 || Stream Type Format Mode State Input(bytes) Input (bps) Output (byte: Output (bps) Path Message
2018/0l Gos & || Input Rover Serial u-blox R Ok 421353 17731 72 0 COM15:115200:8:n: 1:0ff COM15
2018/ o7 7 ||| Input 8 | RTKNAVI - u
2018/0l Gog & || Input Bf———— S
2018/0f1 Gog o || output || (1) Rover | X Close
2018/0fl 10 10[f| Output| |TEx =smr-sERER | = a
20180l G11 RXM-SFREX s
| 2013/0llf 510 { RXM-SFREX El
w1lf o1z BXM-SFREX ;
2013/0ff G14 0x01 0x07 100)
2018/0)| 15 0x01 0x00 { 412)
20180l g1s { RXM-SFREX : 3
nnan RXM-SFREX 2
[l | 617 RXM-SFREX 2
S G18 { DHM-SFREX ]
G19 RXM-SFREX a
G20 BXM-SFREX 8
et RXM-SFREX 3
E3M-SFEEX &
{ RXM-SFREX 3
RXM-SFREX 1
RXM-SFREX 4
3
z
RXM-E 26 08:33:21.00 nsat=30
| 0x01 0x07
{ 0x01 0x00
{ D¥M-SFEEX s 1
{ RXM-SFREX El 1
{ RXM-SFREX El 4
{ REM-SFREX sy 3 (]
RXM-SFRBX ( E z i
— — e— o -
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Configure RTK with RTKLIB and u-blox

RTK
Reference L&

WiFi-router
or Your

—

eblox u-blox
ZED-F9P

| RTKNAVI

RTKPLOT
RTK Reference

Station
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RTK Reference Station

Receiver:
Trimble NetR9

IP-Addr :153.121.xx.xx

Port : 2101 or 80

MountP : xxxxx

USER-ID : xxxxxx

PW ¢ XXXXXX

Format :RTCM3 (GPS+GLO+GAL+QZS+BDS)
IP-Addr :153.121.xx.xx

Port : 2101 or 80

MountP : xxxxx

USER-ID : xxxxxx

PW ¢ XXXXXX

Format :BINEX (GPS+GLO+GAL+QZS+BDS)

-
2 RTKPLOT ver.2.4.3 b30: Google Map View

Height:

Lat: 35.66633444
Lon: 139.79220107

59.746
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RTKNAVI Options for RTK

]

Opticns

Settingl | settingz | Output| Statistics | Positions | Files | Misc | Settingd| SetingZ | output| Statistics | Positions | Files | Misc |
Positioning Mode | Kinematic - Integer Ambiguity Res (GPS/GLO/BDS) continu v |[oFF ~|lon ~]|
Frequendes / Filter Type [Li#2 = [[Forward | Min Riatio to Fix Ambiguity 3.0
Blevation Mask (%) / SNR Mask {dbHz) 15 e Min Confidence {Max FCB to Fix Amb |0.9939 [0.20 |
Rec Dynamics f Earth Tides Correction [DFF - ][DFF v] Min Lock / Elevation (=) to Fix Amb a a
Tonosphere Correction |Broadeast - Min Fixt / Elevation () to Hold Amb | 10 |||:| |
Troposphere Correction [Saasiamonen '] Outage to Reset Amb / Slip Thres (m) 5 0.050
Satellite Ephemeris/Clock [Eroadmst v] Max Age of Diff (s) / Sync Solution 0.0 [DFF v]
[satpcv [1recrcy [|Phwu [|RejEd [¥]RAIM FDE [ | DECarr Reject Threshold of GDOP/Innov (m) 200 200
Excluded Satelites (+PRN: Tncluded) Max # of AR Iter/# of Filter Tter 1 !

[Veps [F]eLo [VGaileo [V]Qzss [V]sBAS [¥]BeiDou [[]IRNSS [ |Baseline Length Constraint (m) |0.000 [0.000 |

== Il T o= |l= e Lo L oa]

I I 3
Options Options
| Setting1 | Settingz| Output| Statistics | positions | Files | Misc | | setting1 | setting2 | output | Statistics| Positions
Rover

Solution Format i —

o ente ~ EEEE | (etnonpenn @eam -] (]
Output Header / Output Processing Options | oFF v ) orF -] (90.000000000 [[0.000000000 |-6335367.6285 |
Time Format / # of Dedmals hh:mm:ss GPST -|3 7] Antenna Type (*: Auto) Delta£/N/U (m)
Latitude Longitude Format / Field Separator | ddd. ddddddd - | +|[0.0000 |0.0000 o.0000 |
Output Single if Sol Outage / Max Sol 5td {m) [oH: vl 0 Base.Siatian -
Datum / Height \wess4 v |[Elipsoidal + | |RTCM Antenna Position ~ | L]
Gevid Model [ internal | T e 58956968 1 | 1003.9509 |

Antenna Type (*: Auto) Delta-E/M/U (m)
Solution for Static Mode all
| - ~||0.0000 |o.0000 [o.0000 |

NMEA Interval (s) RMC/GGA, GSA/GSY 0 0 R ———
QOutput Solution Status § Output Debug Trace [DFF - ”DFF - l = [Z]

o e ||

o« | o |

e [ e

R
E
)
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4 PPP Basics
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PPP (Precise Point Positioning)

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

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

ining achine
Control

Pressure WISL (hPa) : 2004/10/15 0000 T= 0 H= OhPa

_T'

(Gosgle

Offshore Construction Autonomous Weather Forecast
Driving
46



RTK vs. PPP

RTK Real-Time PPP
Local/Regional
lobal
Coverage (< 1000km) Globa
Typical 1-3 crm HRMS 2-10 cm,-much depen-dlng
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 ~1q 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.
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Precise Ephemeris

Precise Satellite Orbit and Clock

— By Post-Processing or in Real-time
— Observation Data of Tracking Stations World-Wide

Format:

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

Contents:
— Orbit: ECEF-Positions of Satellite Mass Center
— Clock: Clock-biases wrt Time Scale Aligned to GPS Time
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IGS: International GNSS Service

@@ @ Data (GPS/GLONASS
\\ Global Data Centers

Raw, Ephemeris,...)

‘ﬁ' Analysis Centers (ACs) | EPD >l0
N TN IN CODE || NRCan IGN_ || KASH
/NN ]| Esoc || sio
™~ N :: GFZ || USNO | AcCC —é%
N /fl-\\ N JPL MIT Products
AR Tom ]| g s
. GNAACs Regional DCs
RNAACs Oper. DCs

Tracking Network
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IGS Products

Final Rapid Ultra-Rapid (IGU)
Broadcast
(IGS) (IGR) Observed Predicted
Orbit ~2.5cm ~2.5cm ~3cm ~5cm ~100cm
Accuracy
Clock ~75ps RMS ~75ps RMS | ~150ps RMS ~3ns RMS ~5ns RMS
~20ps STD ~25ps STD ~50ps STD ~1.5ns STD ~2.5ns STD
Latency 12-18 days | 17-41 hours 3-9 hours realtime realtime
Updates every at 17 UTC at 03, 09, 15, | at 03, 09, 15, )
P Thursday daily 21 UTC 21 UTC
Orbit 15min 15min 15min 15min daily
Sample
Interval :
Clock Sat: 30? 5min 15min 15min daily
Stn: 5min

(http://www.igs.org/)
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MADOCA-PPP (1)

GPS GLONASS Galileo  QZSS

QZSS L6E Signal

Reference ~ 1.7 Kbit/s

Stations

MADOCA

Precise
Orbit/Clock

MGM-Net Estimation PPP Users
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MADOCA-PPP (2)

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-PPP (3)

Data Interfaces

Parameter Estimator

Data Interfaces

||||||

| o [ % | 88 |
s DT
L) Dol
" “ 1 " <
....... | | <
............ <
% o
||||||||||||||||||||||||||||||||| (]
" <
“ =
{ L |
(& | : 6 | g ||
(2 | & s | 2|
A S
SO0 —
DD}
H 9
|||||||||||||||||||||||||||||||||| a.
“ BT
| & ) Lk 5 |1 °
L Eomi 2]
TRy T
D> .o
Se =9 i
22 Eg 6% 28
o

53




MADOCA-PPP (4)

4 MADOCA: Real Time P

& 3 O (b Q iy

€ - X | B beps://wwwl234ug.sakura.ne.jp/m/madoca_rtmonitor.htm

Overview | Survey(NTRIP,CODIS)| Products(MGLU,MGR, MGE LOCAL) |
Menitor MGU,MGR,MGE,LOCAL) | PPP(MGU,MGR, MGF,LOCAL) | PPP-AR(MGF) | Network | RT-
Products | Availability | RT-Momtor(MGRT,MOC) | RI-FPP | LEX-PPP | G5 Orbit

MADOCA: Real Time Products

Real-time Products:

Analysis software: MGRT1:MADOCA v.0.7.2 pl MGRTZ:MADOCA v.0.7.2

- Ohservation data: MGM-net + Q755 MS + 1G5/MGEX (map)

- Option Settings: mgrtel.conf mgrte? conf mgrte def.conf, inpstr rte conf and gutstr rte.conf
Station File: MCRTL/MGTHR2

- Updates: avery 30 s for arbit, clack and URA, every 1 s for high-rate dack (latency: 3 - 55)

History:

- 2015-07-01 02:52 :
2015-07-01 D2:52 :

= 2015-07-01 02:45 :

- 2015-06-23 02:40 :
2015-06-19 09:25 :

MGRT1/MGRT2 excluded Satellite(GO8).(Ref.2 177)
Started MGRTL/MGRT2,S5R STOP for leap second (Rl % 289)
Stoped MGRT1/MGRT2.(Ref. £ 289)

Changed station info file{MGRT1/MGRT2)(before after).(Ref.2280).
MGRTL excluded Satelite{G08) (Kol 21/7)

{more]

S5R Status
System: MGRT1 GPS MGRT1 GLONAS MGRT1 OF55 MGRT2 GPS MGRT2 GLONAS MGRT2 Q7S5
_pi ink B Fi

Product Stream:

NTRIP Caster:
= User-ID: MADOCA

. Port: 2101 or BO
. Passward: MADOCA

Product Messages:

Mount Point | G SeehGOILYPS Lo Notes
GPS |GL Q255 | Galileo |Interval

Satellite Crhit 1057 1063 1246 * | 1240 * s APC, TTRF2008, igs08.atx **
Satellite Clack 1058 1064 1247 % | 1241 * s -
MADOCA_SSR1 Code Bias - - - - s -
URA 1061 1067 1250 * | 1244 ¢ 30s -
High-rate Clock 1062 1068 1251 % | 1245 is -

MADOCA_SSR2 same as above Test and backup stream

URL of Product Files

=2 kil { [ (e | | 1 [ [ e st | | |

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

'SATELLITE ORIT ERROR (G)

‘AVE 0.0039 m STD. 0.0212 f AMS: 0.0230 m,
o] 0RS-00a5am

R m)

'AVE 0.0004 m STD. 0.0258 m RMS. 0.0272 m

AVE: 9.0131 m STD: 0.0228 I AMS: 0.0282 m

e 7 G 2 CZE o728 o725,
TIME (2015/07/19 0:00:00 - 2015/0726 00:00:00)

SATELLITE ORBIT ERROR

2 [ AVE 0,000 oz 5TD. 0,086 s RMS. 0,566 ns -

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

'SATELLITE ORSIT ERROR ()

AVE: 0.0324 m 5TD: 0.0513 1 AMS: 0.0607 m,
30RHS: 01263 m

Rim)

AVE 0.0876 m STD. 00485 . AMS. 0.1001 m,

AVE -0.0333 m STD. 0,033 m RMS: 0.0475 m.

cim

022 w23
TIME (2015/07/19 00:00:00 - 2015/07/26 00:00:00)

‘SATELLITE ORBIT ERROR ()
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MADOCA-PPP (5)

STATION POSITION

0 1'% ISEYGT o o LSRNy |
P " ;?. coCoo  _phfwe ' SOL02 m'%m'oz °
- m%&; "REUNO KRRoy %y ynRMGT C akisE T
P SUTM7 alst 4 - w
. = . VICPOS WNBOREBINEX
o “HOB20 :
; ; ° L DUNDO
- 1 1 L mGG? 1 1 . 1
_ - MAC10
i T e
! e i S Y mw:lﬁ#l{] G&Sl{} M—Nh-:}
P
i f‘ =

® QZSS-MS ¢ MGM-Net ¢ IGS * MGEX
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MADOCA PPP (6)

5% Z:¥madoca¥test¥ppptest¥out¥pppar.

Y2 Z:¥madoca¥test¥ppptest¥out¥pppar_r¥0702_18925.po:
Eile Edit ¥iew Help

File Edit View Help

= = -
= HepiToo=«9H G X G % H-T oo o ol G bl =T -]
05
ORI= 32.842100488° 130,764800682° 92, 1518m £ (m) ORI= 32.576723430° 130.734906445° 287.7637m
AVE=0.0000m STD=0.0112m RMS=0.0111m
0.0 0.0
5 0.5
K u m a m oto -5 (m) AVE=-0,0000m STD=0, 1472m RMS =0, 1471m N-5 (m) AN O T o AT I .

(0465) i - — (0702)

AVE=0.0000m STD=0.0239m RM5=0.0239m

0.5
AVE=0,0000m STD=0, 1027m RMS=0. 1027m u-D (m)

13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00
:00 GPST-04/15 20:59:30 GPST : N=1080 B=0.0km Q=1:1080(100.0%)

17:00 18:00 19:00 20:00
=0.0km Q=1:1080(100.0%)

13:00 1400 15:00 00

0 GPST-04/15 20:58:30 GP!

5% Z:¥madoca¥test¥ppptest¥out¥pppar_r¥ 1079_18925.p05w

File Edit View Help
i

FrmIes o 08

00

HrHIeo o= «0H
05
ORI= 32,995936497° 130.872658135%290. 1421m EW (m) ORI= 32,675159423° 130.987145828° 49
AVE=-0.0000m STD=0,0070m RM5=0,0070m AVE=0.0000m STD=0.0122m RMS=

0 - — 0.0
. . 0.5 i
K I k u C h I w5 AVE=0,0000m STD=0,2208m RMS=0,2206m N-5 (m) AVE=0.0000m STD=0. 1455m RMS=0. 1455m Y b

(1070) | = (1169)

AVE=-0.0000m STD=0.0130m RM5=0.0180m

5 0.5
U-D (m) AVE=-0,0000m 5TD=0.0239m RM5=0.023%m uD (m

g “ s~ S prapni LI sy 0.0 P G . T e

-0.5
17:00 18:00 19:00 20:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 13:00 20:00

0.3
80 B=0.0km Q=1:1015(34,4%) 1120160415 12:00:00 GPST-04/15 20:59:30 GPST : N=1080 B=0,0km Q=1: 1067(38.8%)

00 1400 15:0
00 GPST-04/15 20:59:30 GPST : =

0
1]2016/04/15 12:01

L
2016/4/15 16:25 GPST PPP Analysis of Kumamoto-EQ. by MADOCA-PPP

(RTKLIB 2.4.3 b9, Kinematic-PPP-AR, MADOCA Final Products 56



RTCM 3.3 SSR

Message GPS GLOASS Galileo QZSS Bei1Dou SBAS
OBS Compact L1 1001 1009 - - - -
Full L1 1002 1010 - - - -
Compact L1/2 1003 1011 - - - -
Full L1/2 1004 1012 - - - -
Ephemeris 1019 1020 1045/6 1044 1042 -
MSM 1 1071 1081 1091 1111 1121 1101
2 1072 1082 1092 1112 1122 1102
3 1073 1083 1093 1113 1123 1103
4 1074 1084 1094 1114 1124 1104
5 1075 1085 1095 1115 1125 1105
6 1076 1086 1096 1116 1126 1106
7 1077 1087 1097 1117 1127 1107
SSR Orbit Corr. 1057 1063 1240%* 1246* 1258* 1252*
Clock Corr. 1058 1064 1241* 1247* 1259* 1253*
Code Bias 1059 1065 1242* 1248* 1260* 1254*
Combined 1060 1066 1243* 1249* 1261* 1255*
URA 1061 1067 1244* 1250%* 1262* 1256*
HR-Clock 1062 1068 1245* 1251* 1263* 1257*
Antenna Info 1005 1006 1007 1008 1033
* draft



5 PPP Practice
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—

MADOCA
Server

Configure PPP with RTKLIB and u-blox

JAXA NTRIP
Caster

WiFi-router

S or Your
\/\ smartphone

*'
/0 Q;”‘

eblox u-blox
ZED-F9P | RTKNAVI
JAXA MADOCA

RTKPLOT
RT Product
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JAXA MADOCA RT Product

JAXA NTRIP Caster

IP-Addr : madoca.ntrip-mgm.net
Port : 2101

MountP : MDCO, MDC1 or MDC2
USER-ID : xxxxxx

PW T XXXXXX

Format :RTCM3 SSR

USER-ID and PW are only for the
seminar (temporal)

x  + - 2 *

@ hitps//ssliksc jaxajp, F ( t * o a 6

QZSS : Quasi-Zenith Satellite System

MADOCA | NEWS | ME GE | PRODUCTS | APPL TION | A
& Real-Time PPP Service GlowASs  GPs  Galleo  sDS _ IS
JAXA conducts real-time precise peoint positioning (PPP) ‘f ‘,‘ "
experiments using the L-band experimental(LEX) signal " l /

from "Michibiki(QZS-1)". PPP is a technigue to calculate
accurate user positions using precise orbit and clock of
GNSS without any reference stations.

QOur Real-Time PPP Service allows to obtain a centimeter
accuracy positioning.

Target Aiiwary
= 6100 AV st

For this service, JAXA has developed Multi-GNSS orbit and clock estimator called "MADOCA (Multi-GNSS Advanced
Demonstration tool for Orbit and Clock Analysis)". This basic requirements are as follows;

(1) Multi-GNSS Support (GPS,GLONASS Galileo and QZ55)
(2) Both of Offline and Real-Time Estimator

(3) Precise Estimation using latest models

(4) Reduction of Processing Time by Multi-threading

(5) Maintainability and Portability which can run on note PC

System: GPS, GLNASS and QZS (Gallileo and BeiDou are under construction..)
Goal: Real-Time positioning with less than 10cm accuracy
Goal of orbit/clock accuracy:

Offline Real-Time
Gps |[GLO|[ozs][ GPs |[GLO][gzZS]
_OBT [3em || 7cm |[6cm | S9cm |

CLK |[0.1ns|| 0.25ns [|0.1ns| 0.25ns |

Product|

Edit Date:2015/11/26

https://ssl.tksc.jaxa.jp/madoca/public/public_index en.html
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RTKNAVI Options for PPP

Options > || Options X
Settingl Setting2 Output Statistics Positons Files  Misc Settingl Setting2 Qutput Statistics Positons Files  Misc
Positioning Mode PP Kinematic v Integer Ambiguity Res (GPS/GLO/BDS) OFF © ON ~
Frequencies [ Filter Type L1+H2 ~ Forward Min Ratio to Fix Ambiguity 3.0
Elevation Mask (°) / SNR Mask (dbHz) 15 ~ [ \ Min Confidence / Max FCB to Fix Amb 0.9999 0.20
Rec Dynamics / Earth Tides Correction OFF ~ Solid v Min Lock / Elevation (°) to Fix Amb 10 0
Tonosphere Correction IonoFreeLC v Min Fix / Elevation (%) to Hold Amb 10 0
Troposphere Correction |Esti'nate Iio ¥ ] Outage to Reset Amb / Slip Thres (m) |5 0.050
Satelite Ephemeris/Cock |Broadcast+SSR APC s ‘ Max Age of Diff (s) / Sync Solution 30.0 OFF ~
[MsatPcy [“IRec PCY [F1PhwU [JRej Ed [[JRAIM FDE [[]DBCorr Reject Threshold of GDOP/Innov (m) 300 30.0
Excuded Satelites (+PRN: Induded) | | Max # of AR Iter/# of Filter Iter 1 1
fMeps AGlo [calileo [£Qzss []SBAS []BeiDou []IRNSS Baseline Length Constraint (m) 0,000 0.000
od | sae o oncel ||| wed | save o Cancel
Options > | | Options X
Settingl Setting2 Output Statistics positons Files — Misc Settingl Setting2 Output Statistics Positions Files  Misc
Measurement Errors (1-sigma) Rover
Code/Carrier-Phase Error Ratio L1A.2 1000.0 100p.0 Lat/Lon/Height (deg/m)
Carrier-Phase Error a+b/sinEl (m) 0.003 0.003 90.000000000 0.000000000 -6335367.6285
Carrier-Phase Error/Baseline (m/10km)  |0.000 Antenna Type (*: Auto) Delta-E/N/U (m)
Doppler Frequency (Hz) 1.000 v HDODDD ||DDDDD ||D.0000 |
Process Noises (1-sigma/sart(s)) Base Station
Receiver Accel Horiz/Vertical (m/s2) L.00E+01  ||L.00E+01 e
Carrier-Phase Bias (cydle) To0E 0% 35.872983910 138389670141 1005.5217
-, Delta-EMN/J (m)
Vertical Ionospheric Delay {m/10km) 1.00E-03 ferme Vype {7 Ao 0.0000 llo0.0000 1o.0000
Zenith Tropospheric Delay (m) 1.00E-04 Station Position File
Satelite Clock Stabiity (s/s) (5.00E-12 } =13
o | e | o || e | s x | ow
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6 Advanced Topics of PP
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QZSS L6

< DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFIGANT BIT (MSB) TRANSMITTED FIRST
< 2000 BITS - 1 SECOND >
1 |s0 1745
DATA PART REED-SOLOMON
1695 BITS CODE
256 BITS

L HEADER - 49 BITS

PRN sig messages

193-199 L6D CLAS
203-209 L6E MADOCA PPP

2019-05-08 10:39:47, JO1, 193, LeD: CLAS FID=@ SF=1 AF=0
1ACFFCIDC1A17F49CA8903F707DFFFD2602588578285FFC1FD3EG@B81028387FCIBFAGES4480C3FEFFDBBF3EFE3888D66B2BC
OE3FFCDeRD3FELFFSCFFSEFE969425033FFB85D683ECCLF160F FBOO2880754078A03ADO89BC638631CB1927F8CEFBS537DAAB
FCEG7E19080D620AD9ECBC72B93D335E0BAFBEC7C143F487F873FBD3800EB44682504FES895150847FF768248FECFE2015A09C
7FE3FFFFS642BEFFBFEAG39B0229402800BF 564065002FF480180030083F9BFF7018602CFFDFECRE33C027FA407001BBO3404
EFADF@18000FFECE274193003000FFBFAG65847D27EAEEBOB3ADESEEED3E7F6F6FBO6C42DEBA779F76D661E1D196@FD85982
2019-05-08 ©9:49:39, J02, 194, LeD: CLAS FID=@ SF=0 AF=0
1ACFFC1DC2A@BFD5FF8FF578A53F44087FC640BOFDSFFCOBDBO1EFF73FF8036CB8CFB6FES@21803FBF97F5COB64BA6FECORT7
FF96@52FFAG@3C004805FFFAQQ3FFFFAG6E7DS289DF630FF2FCOOFECOO0101FCOOROLIE4F5000418200082010623C7E204004
060418602104F9BEOOFFFDFBOFEFFF7EFAF 2FBFEFEG3F7EFEO3F8101E4F3FFFCO7FFCO3FFFO@3E3C7DAGBO7FFEOBF7EQLFFFF
97DFF8OFFFBF7EFFFC@7CF27AFFFER3FFERLFFF81FDE3F1FFFBF7FFFFFEFDFDF3CDEG6@3FO0000407ERSFC1797D887F020000
101F4104F279FFFBFFFFFFFFBD7DFDESF5@634D17BBCSAE21DFCC76DD76FBOED737E7259B@FAG@4ED7DFEC7B3198EFB9157B
2019-05-08 ©9:49:27, J02, 204, L6E: MADOCA FID=e SF=1 AF=1
1ACFFC1DCC21A3F4C2@110991FA605000080EQSFF85B07FFB1CABFF5868DFFED711FEBAS13FFCES940853F960078F19FF9BB
1A0086B1CEODS61EC0R1FABRO2A4ASFEF1BA7FFOCC28009182BFFF262DFF2102FFFF79B0@2DA3B2003ECB4000B7B600O7E38
©01FDBBFF7653C@0C3ABFFFDOR41FFB2C810B1686(3200000483FC3B48BFDOECLFDALBR4FAR91OBF83F91FF373547DBDE4AF
FeD2D7F842937F790E77F8EECFFDOD221FA4A4C7FOEDS97F41953FCF45ASF928DDBF 2BD6138D1FAG04EGR00022000F 900000
1C40A313E7B98SABF3AC88376D82513B191979A508A5FDSFEBDAC2B4A60A1558
2019-05-08 10:39:47, J@3, 195, LeD: CLAS FID=@ SF=0 AF=0
1ACFFC1DC3A@22AB47FF7156F678FFB208000660007CFFFFDBE204183020818005FCOQ1F6F8810004001060800362083DBELF
BF@2FFF4081FFEFF7DF5F88103FCO7FFCa40040407DIE40C07FO0OBF810218103F6798201F7F82FEQ3F826207DIEBFCR7EFD
F808RFDE7F7DF5FS80FDF7FFEFFFFFFERLFBD5EAQCO7FO0080800488100F 5F90285F8080F 7F88090813D7E2140FER287F000
2202083F5788201F@001FBFFF830407D5E3F7E7BFDF7EFBF7DFEFBF579860604104020828A0A1FD3E2141FFO40800106282085
F4F80103FCOROFEEOO030207D3EL1F3DFDFDF2A2B32A4ECIASACE29F7B8DE9A7E35FC283C3989642486DF949551D33986D2C4
2019-05-88 10:39:47, J@3, 205, L6E: MADOCA FID=@ SF=1 AF=1
1ACFFC1DCD21A45322011899229965800000E65FF8E187FFA310BFF4B38DFFDB391FEF8713FF99F94801F3968004E799FFA96
1A009181Ce0C1EIEOORE2200018223FECEDA7FFO3FA800529AA00338ADFFLA3AFFFEF53003874B20035A340020137FFE1938
00146BBFF5F63CE0C32BFFFEGBCIFFAF2010B1800843700000483FBFDBOBFCA4S1FDB89A4FSDEBCBFIF229FF244247DA980AF
F936eD7F879FB7F8BC277F864CFFCEADELFAS1347F045D97F3C8F3FCEF3ESF9614D7F1882138D22990586000023FFC4980000
00006 D87D426778E@BDFDC59C020858555274B238E3AC58DAA480F5128701DECADSE

[1] IS-QZSS-L-001 Quasi-Zenith Satellite System Interface Specification Centimeter
Level Augmentation Service, November 5, 2018
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CLAS
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GNSS : Global Navigation Satellite System (EHUEREUEIGRSATL)

(http://www.mitsubishielectric.co.jp)

QZSS L6D Signal
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CSSR (Compact SSR)

| preamble | 000000 | length(B) | data T parity |

[<- 8 -3 <- 6 >le- 10 —r]<-- length x 8 —>lc 24 |

e +-=-=-=-- e e il ﬁ

| MT(12) |SsT(4)] message data |
NO Message MT ST Format
(1) Compact SSR mask 4073 1 [1] 4.1.2.2.2
(2) Compact SSR orbit corr 4073 2 [1] 4.1.2.2.3
(3) Compact SSR clock corr 4073 3 [1] 4.1.2.2.4
(4) Compact SSR code bias 4073 4 [1] 4.1.2.2.5
(5) Compact SSR phase bias 4073 5 [1] 4.1.2.2.6
(6) CSSR code and phase bias 4073 6 [1] 4.1.2.2.7
(7) Compact SSR URA 4073 7 [1] 4.1.2.2.8
(8) Compact SSR STEC corr 4073 8 [1] 4.1.2.2.9
(9) Compact SSR gridded corr 4073 9 [1] 4.1.2.2.10
(10) Compact SSR combined cor 4073 11 [1] 4.1.2.2.12

[1] IS-QZSS-L-001 Quasi-Zenith Satellite System Interface Specification Centimeter

Level Augmentation Service, November 5, 2018




CLAS CSSR Grids and Networks
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MADOCA PPP

G Byt | J0-/LBiY-t2 X 4

< > C @ https//www.gpas.cojp/service.php * oa O

R#Y—EX

Providing Service

#XRBE AT A [F ARG D — 2 (Bl | (40, SIS ERH
(MADOCA) DGR RN L FE LI,

201741286840, EXBHEDOLEEESH SElRIIAMERROREN TTONTVWES, D
WEBRIEDIETETRBWERETED,

XBAICLUTOREPEETERAVZIZE, BEOLTINRELERAVBLET,

(https://www.gpas.co.jp)
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Today's Summary

1 Theory of PP (precise positioning)
2 RTK Basics
3 RTK Practice

Lunch Break
4 PPP Basics
5 PPP Practice

6 Advanced Topics of PP

69



