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Age of Satellite Based Open PPP/PPP-RTK Services Ny

Changes for the Better

Many open satellite-based PPP/PPP-RTK services are available.
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1 Introduction to CSSRIib e TS

Changes for the Better

v Open source Toolkit for open PPP/PPP-RTK services by Python (available from pypi/github)
v’ Positioning techniques: RTK, PPP-RTK, PPP/PPP-AR

v’ Services: QZSS CLAS, QZSS MADOCA PPP, Galileo HAS, BDS PPP, IGS product

v’ Tutorials: Jupyter Notebook

v’ Utilities for visibility analysis, plotting

Positioning

Obs/Nav data
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QZSS CLAS PPP/PPP-AR

RINEX 3/4 » ‘
PPP-RTK

Receivers

QZSS MADOCA
Septentrio, Javad,
Galileo HAS » u-blox, ...

BDS PPP »

C tion dat
orrection data RTK

Compact SSR

IGS PPP-AR Galileo HAS Utility
BDS PPP m Kalman Filter
For details:
Hirokawa, R. , Hauschild, A., Everett, T., “Python Toolkit for Open RTCM3 “ m
PPP/PPP-RTK Services”, ION GNSS+ 2023

SP3+BIAS



‘ MITSUBISHI

2 Specifications of Open PPP/PPP-RTK Services &% ELECTRIC
Changes for the Better
Open PPP/PPP-RTK services:
QZSS CLAS QZSsS Galileo HAS BDS PPP
1. azss cuas eee-rk) | o
2 QZSS MADOCA PPP Technlques PPP RTK
. 1,695 bps 1,695 bps 448 bps 462 bps
3 ] Ga I | IeO HAS Service Area Japan Asia/Oceania  Global (SL1) / China
4. B DS P P P Regional (SL2)
5. IGS product
T Convergence Time
QZSS CLAS 30| o &
QZSS MADOCA-PPP (95%, minute) QzSS MADOCA PPP
Galileo-HAS ,
L2OF @ Operational
Ls/Esa/B2a  130C E5b/B2b [2c¢  L20c B3I L6/E6 20 <> Development or Trial ¢ BDS PPP (BDS+GPS)

1207.14MHz 1278.75MHz
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QZSS MADOCA fast PPP
10F &

Sk & Galileo HAS (SL1)
; QB CEAS O Galileo HAS (SL2)

10cm 20cm 30cm
Kinematic Positioning accuracy (Horizontal, 95%)

»
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W

_ |ozssclas

Service

Format
Supported GNSS
Orbit

Clock

Code Bias
Phase Bias
lonosphere
Troposphere
URA

RINEX signal code:
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PPP-RTK
CSSR
G+E+J
(30sec)
(5sec)
(30sec)
(30sec)
(30sec)

(30sec)
(30sec)

DN N N N N NN

|
G: 1C, 2X, 2W, 5X
E: 1X, 5X

J: 1C, 2X, 5X
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Correction data provided by Open PPP/PPP-RTK services A7 WELECTRIC |

ZSS MADOCA PPP | Galileo HAS BDS PPP
PPP PPP PPP

CSSR

G+E+R+J
v'  (30sec)
v (5sec)
v' . (30sec)
v (30sec)

\
G: 1C, 1W, 1X, 2X, 2W, 5X
R: 1C, 1P, 2C, 2P
E: 1X, 5X
J: 1C, 1X, 2X, 5X

Similar to CSSR Customized CSSR

G+E G+C

v'  (50sec) v (48sec)

v’ (10sec) v (6sec)

v a (50sec) v, (48sec)
G 1C, 2L, 2P C: 2I, ‘10, 1P, 5D, 5P, 7D, 7P, 6l
E: 1C, 5Q, 7Q, 6C

\
\ 4

\ No code bias for GPS

\

<

‘2P’ (P (AS off)) should be
‘2W'’ (Z-tracking (AS on))?



4 Sign convention in SSR correction

SP3c¢/SP3d
Clock-RINEX

RTCM SSR

orbit Xorvit = Xbroadcast — 06X

60X = A60 = [er €a 30]50

T rxr
e, = f e FEEEE— =e, Xe
a r¥c |r X T| a C
50radlal 50radlal
CTOSS CT‘OSS

clock tsat = tbroadcast — SC/C
8C = Co + C1(t — ty) + Co(t — ty)?

code bias }?Rcorrected = PRobserved + cbias

—~—

phase bias CPcorrected = CPobserved + pbias
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Changes for the Better

Bias-SINEX
orbit
SP3c¢/SP3d
cos(wieAt;) —sin(w;At;) 0
Xei = |sin(w;Aty)  cos(wAty)) 0| X; ,At; =t —t
0 0 1

Xorvit,cg = interpolate(At;, X ;)
-r _ Toun —T ey Xe;

—, B = e, =—— e, =e, Xe
|—1‘|’ * |rsun_r|, Y |ezxes|, g Y ‘

e, =

Xorpit = Xorbit,cg +[€x €y ez]doffset

clock tsqr = interpolate(At;, t;)
Clock-RINEX
code bias ﬂ?corrected = PRopservea — cbias

phase bias CPcorrected - CPobserved - pbiaS
Bias-SINEX



4 Sign convention in SSR correction

QZSS MADOCA PPP FIXYZXXV XY

orbit Xorpit = Xbroadcast — 0X
60X = A60 = [er €a ec]60

r rXr
e, =—,e.=—— ¢
a ’7¢ Jrxr]” T

7 =e, X e,

50radial
60 = 60along
6067’055

clock tsat = tbroadcast — SC/C
6C == CO

code bias }?Rcorrected = PRobserved + cbias

—~—

phase bias CPcorrected = CPobservea + pbias
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Compact SSR

Specification of Compact SSR Messages

(OVANN O NV 1S-QZSS-L6-005

orbit Xorbit = Xbroadcast — 0X

60X = A60 = [er €a ec]50

r rXr
e, =—,e.=——¢
a I”7¢ Jrxr]” T

7 =e, X e,

SOradial
60 = 50along
50(:1‘055

clock tsat = tbroadcast — 5C/C
6C == CO

code bias ﬂ?corrected = PRobserved — cbias

—_—~—

phase bias CPcorrectea = CPopservea — Pbias
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5 Sign convention in SSR correction

(CEI[T N NN 2]Vl RTCM 1059/1060, 1242/1243

orbit Xorvit = Xproadcast — 60X

6X = A60 = [er €4 e(]60
T rXr

e, =—,e.=——,¢€
a ’7¢ |lrxr|] T

7 =e, Xe,

60,4dial 5Qradial
60 = 50along + 50along (t —to)

6 Ocross 8 O0¢ross

clock tsat = throadcast — SC/C

85C = Cy + Cy(t —ty) + Cy(t — ty)?

code bias ﬁecorrected = PRobserved + cbias
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Changes for the Better

(cE N5 NI N HASSISICD v1.0

orbit Xorvit = Xproadcast + 06X

5X = A50 = [e, e, €50

r rXxr
e, ——,e.=————,e,.=e, Xe
a |r| C |r X rl T a C

50radial
60 = 50along
aocross

clock tsat = throadcast — 0C/c

6C - CO

code bias ﬁizcorrected = PRobserved + cbias

—_—~—

phase bias CP.orrecteda = CPopservea T+ Pbias



6 Sign convention in SSR correction

BDS PPP BDS-SIS-ICD-PPP-B2b-1.0

orbit Xorvit = Xbroadcast — 0X

0X = A60 =[e; eq €;]60

r rXxr
e.=—le.=——)e, =e.Xe
r |r| C |r X 7'| a C r
00radial Different definition
60 = 60along
60CTOSS

«— Positive?
tsat = throadcast — 0C/c

SC:CO

clock

code bias ﬁ?corrected = PRypservea — Cbias
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7 Analyzed the sign convention for Orbit/Clock/Bias correction I“'énﬂTESCL%ISCH'

Changes for the Better

Commonly used () and un-commonly used () sign convention for SSR corrections

—~—

orbit Xorbit = Xbroadcast +/— 06X code bias PRcorrected = PRobserved +/—cbias

clock tsar = hroadcast +/_6C/C phase bias Epcorrected = CPobserved +/_pbia5

RTCM SSR Galileo HAS Galileo HAS BDS PPP QZSS QZSS CLAS
product IGS SSR IDD SIS MADOCA PPP
Compact SSR
- oA - .

*1 Provided as satellite position and clock instead of correction
*2 Definition of coordinate transformation is different from RTCM SSR.

*3 Estimated the sign based on the analysis
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Invalid and Do-Not-Use flag &% ELECTRIC

Changes for the Better

v’ For the signed value (n-bit), some bit-patterns are defined as “not available” or DNU.
v For BDS PPP: “-2"1+1” seems to be “not available” (undocumented)

RTCM SSR Galileo HAS BDS PPP

IGS SSR
Compact SSR

Data not available —n-1 —2n-1 41
Do-Not-Use (DNU) a. 2nt —1 n.a.

Estimated based on the analysis
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9 Static Case on August 11, 2023 @ Kamakura, JAPAN (21:00-22:00 UTC)

PPP: QZSS MADOCA-PPP, Galileo HAS (SIS), BDS PPP

Note for
Galileo HAS
BDS PPP

Kamakura, Japan is
currently outside
of service area !
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Changes for the Better

PPP-RTK: QZSS CLAS

none |
float

fix
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10 Conclusion &'W ELECTRIC

ges for the Better

B An open-source toolkit for PPP/PPP-RTK, CSSRIib was introduced

B The inter-operability between four PPP/PPP-RTK services are analyzed:
v" The differences such as sign convention are found.

B The performance of open PPP/PPP-RTK services is evaluated.

[For future]

B Other Technical Items: Phasing, Coordinates, etc.
B How will the information be included in the provider's report?
B Do we need to define the recommendation for the convention?
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