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ABSTRACT

This paper presents a method for utilizing State Space Representation (SSR) corrections generated by the Korean national
maritime Precision Positioning and Integrity Monitoring (POINT) system, a Precise Point Positioning - Real-Time Kinematic
(PPP-RTK) service, with commercial RTK receivers. Specifically, a real-time SSR to Observation Space Representation
(OSR) conversion algorithm is designed and implemented. We describe the structure of SSR corrections provided by the
POINT system, including satellite orbit, satellite clock, signal bias, ionospheric delay, tropospheric delay, and coordinate
transformation parameters. Additionally, we analyze the positioning accuracy of commercial receivers, such as Trimble,
NovAtel, and U-blox, using OSR corrections converted from SSR data. The results demonstrate that the converted OSR
corrections can achieve the required centimeter-level accuracy, satisfying the performance criteria for maritime applications.
Through this study, we demonstrate that the SSR to OSR conversion software, when integrated with commercial receivers, can
effectively enhance positioning accuracy, meeting the stringent requirements for maritime navigation.
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al. 1991, Kouba & Heroux 2001). o] HFH-& 7| &23}o] 7|47 8]
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Table 1. Header type of POINT SSR message.

Message name Note
Message number 4055
Service provider ID -
Sub message type 1-15

GPS epoch time [sec]
SSR update interval [sec]
10D SSR -

o
L

5] &70skaL, o] S 7|k 2 % POINTS| ¥ whek

F7F 7N Aol thsf =2fRlct.

2. PRECISE POSITIONING AND INTEGRITY
MONITORING (POINT)

2.1 Overview of POINT Service
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Table 2. Type of POINT SSR message format.

Message type ID,
Message name Sub message type ID Note
POINT SSR satellite orbit correction MT4055,1 -
POINT SSR satellite clock correction MT4055,2 -
POINT SSR satellite orbit/clock correction MT4055,3 -
POINT SSR satellite signal bias MT4055,4 -
POINT SSR ionospheric delay correction MT4055,5 Slant TEC grid
POINT SSR tropospheric delay correction MT4055,6 ZHD and ZWD
POINT SSR integrity information MT4055,7 -
POINT SSR CRS transformation parameter MT4055,8 15 parameters
Reserved MT4055,9-15 -
2.2.2 Sub message type of POINT message format e B RE Azl HE $2 AR/EE Adge s
o=, SMT 6 HA[Z|of sLgtsto] Al gqtct. zF £2] A|F &
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Table 3. PPP correction method.

Items Method
Solid earth tides, ocean loading, pole tide Scherneck (1991), Jentzsch (2005)
Phase wind up Beyerle (2009)
Relativity effect Ashby (2003)

Receiver / Satellite antenna phase center offset and variation (PCO, PCV)

Receiver inter system bias (ISB)
Receiver quarter cycle carrier phase shifts

Schmid et al. (2007)
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Table 4. Raspberry Pi 4 specifications (Raspberry Pi Ltd 2022).

Items

Description

Processor
Memory

1.5 GHz Broadcom BCM2711 SoC
4 GB LPDDR4

General purpose Input/Output (GPIO) 40-pin header

NTRIP

USB ports Two USB 3.0 ports, two USB 2.0 ports
Wired networking Gigabit Ethernet
Wireless networking 802.11ac Wi-Fi; Bluetooth 5.0
Raspberry Pi 4
Encoding
. TCP/IP RTCM Ethemnet
Receiver Ephemeris NMEA GPGGA POINTSSR SSR]Correction
i "EF
SSR20SR
RTK Solution

Calculate satellite position

1
Calculate LOS distance

PPP correction

!

Generate OSR correction

Satellite-related SSR correction <

!
Atmosphere SSR correction interpolation #——

(phase wind up, Receiver PCO/PCV, ...)

Decoding

OSR Correction

TCP/IP .

Fig. 1. Flowchart of real-time SSR20SR conversion.

Fig. 2. (a) Trimble Alloy, (b) NovAtel PwrPak?, (c) UBlox ZED-F9P.

3.2 Real-time SSR20SR Prototype
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Fig. 3. Fixed condition of receiver monitoring program with SSR20SR conversion.

Table5. PPP-RTK algorithm configuration.

Items Description

Reference stations CCHN, CHYN, DONM, GMJE, GWYN, JUMN,
MOOJ, MOKP, MUNG, OKCH, YNCH, YNCN,
YNDO, YNGN

Experiment time 3 hours

Measurement interval 1 sec

Constellation GPS

Frequency L1C/A-L2C
Elevation angle mask 15 deg.

Antenna TRM59800.00 SCIS

A 9 A=g 4335191 on ZED-FIP2] 74

Raspberry Pi¢} Long Stacking HeaderZ o]8 ﬁH Ags °=] —_rL/H
SEoAtt. Fig. 33 o] 4171 EUEY 2298 8sle] A

£ Z417]7} 9121¥l RTCM O 2 RTK7} $2Hg & 81015}9 ),
H = S
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Fig.4. GPS antennas in static experiment.

Fig. 5. GPS antenna and receivers in dynamic experiment.
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Fig. 6. Static experiment result with SSR20SR conversion.

Fig. 7. Dynamic experiment results with SSR20SR conversion.

o] EAsh=tl, ol= A& FAl7IoA 9] 912 24 S-S
A 4 QAL T SPdtollA ol SRS

daEFor sl A Tt Eolew A7Ie EAlEt Tt

oft &

2 AoA Qe Y X oAl AFE At o]
TS AEUERE A5 EHj7E F3l NovAtel/\}.J PwrPak7
FA17100 j,“é‘]-%{oﬂ% NTRIP Client2 VRS-RTKE o]-?i

aasiol A5 W msjich 49 %m SSR20SRE 53
APEE £ YA exb= A4 A3l A RMSE 975 em, 31 -
Zrol| A 10.4 cm, 1231 9HE G171l A] 8.98 cmE ER1E| 9T, 5)

F 45-S POINT WA R RE o) Alejule] $29 91X Fote
2 92 4 9UeS BT 4 Yk B4 4 U Fake Fig. 7
Bzo.

o, AZol A EE] A, 31, 9 17k 20 2 YERYTE

o2 BBl AERTEe] 7% A AlF Zfol|
tolct. Algdef A *E‘AVJ HYPRE 2024 2 7|&E o
2 oF 3 cm 7}k o] %3t 02} Z3bE o] 9t 11
AE KGD 2002 & 3A] ¥k sttale] x|, VRS

oft i L
oft + o Eu)
B lo H
[o bl _I

F
P

)
N
ﬁ

m oluje] AelellH Al olelF Yo e 7]
ﬁﬂﬁfﬁ S92 AL2l0] Aol 12
s 2 715171 SIeIAE A FEE SSR 2
%omﬁﬂ%PaQAﬂﬂq ofo] o] ol At ghit

OINTZ M%—’F/}_l 7]

i
_l.i.h
=
wn
w2
=
f
o?ﬂ..
o
b
(rt
2 o
of
Olt
l:r
5o

http://www.ipnt.or.kr



482 JPNT 13(4), 475-483 (2024)

A Z4E Zg Jdisi, daEls Y-S B3l A&HA &
=+ Fd zlE 423} Handover Aol A= & FAE 4
AL 1235 AZoltt gEe] n4E2 el Zhe miE 53
oLt s B E A3 435t A4HA H5 HE

ACKNOWLEDGMENTS
o R SIRALE Ao 2 TAATALAY A7)
HEAIEfEEl SoF T PNT 7|47 Sls) S 9=t

(2520000093).

AUTHOR CONTRIBUTIONS

Conceptualization, S.G.P and S.H.P; methodology, J.S;
software, J.S. and T.J.; validation, J.S., T.J.; formal analysis, J.S.
and T.J.; investigation, J.S.; resources, S.G.P, ].S. and T.J.; data
curation, J.S. and T.J.; writing— original draft preparation, J.S.;
writing—review and editing, S.G.P; supervision, S.H.P; project
administration, S.G.P; funding acquisition, S.H.P.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Ashby, N. 2003, Relativity in the global positioning system,
Living Reviews in Relativity, 6, 1-42. https://doi.org/
10.12942/1rr-2003-1

Beyerle, G. 2009, Carrier phase wind-up in GPS reflectometry,
GPS Solutions, 13, 191-198. https://doi.org/10.1007/
$10291-008-0112-1

Fuyjita, S., Sato, Y., Miya, M., Ota, K., Hirokawa, R., et al.
2016, Design of Integrity Function on Centimeter Level
Augmentation Service (CLAS) in Japanese Quasi-
Zenith Satellite System, In Proceedings of the 29th
International Technical Meeting of the Satellite Division
of The Institute of Navigation (ION GNSS+ 2016),
Portland, Oregon, 12-16 September 2016, pp.3258-3263.
https://doi.org/10.33012/2016.14571

Hirokawa, R. & Fernandez-Hernéndez, I. 2020, Open format
specifications for PPP/PPP-RTK services: overview
and interoperability assessment, in Proceedings of the
33rd International Technical Meeting of the Satellite
Division of The Institute of Navigation (ION GNSS+

https://doi.org/10.11003/JPNT.2024.13.4.475

2020), 21-25 September 2020, pp.1268-1290. https://
doi.org/10.33012/2020.17620

Hirokawa, R., Sato, Y., Fujita, S., & Miya, M. 2016, Compact
SSR messages with integrity information for satellite
based PPP-RTK service, In Proceedings of the 29th
International Technical Meeting of the Satellite Division
of The Institute of Navigation (ION GNSS+ 2016),
Portland, Oregon, 12-16 September 2016, pp.3372-3376.
https://doi.org/10.33012/2016.14794

IMO 2001, Revised Maritime Policy and Requirements for
a Future Global Navigation Satellite System (GNSS),
A.915(22)

Jentzsch, G. 2005, Earth tides and ocean tidal loading,
in Tidal phenomena (Berlin: Springer), pp.145-171.
https://doi.org/10.1007/BFb0011461

Kee, C., Parkinson, B. W., & Axelrad, P. 1991, Wide Area
Differential GPS, Navigation, 38, 123-145. https://doi.
0rg/10.1002/j.2161-4296.1991.tb01720.x

Kim, G., Jeon, T., Song, J., Park, S. G., & Park, S. H. 2022,
Architecture Design for Maritime Centimeter-Level
GNSS Augmentation Service and Initial Experimental
Results on Testbed Network, Journal of Positioning,
Navigation, and Timing, 11, 269-277. https://doi.
0rg/10.11003/JPNT.2022.11.4.269

Kouba, J. & Heroux, P. 2001, Precise Point Positioning using
IGS orbit and clock products, GPS Solutions, 5, 12-28.
https://doi.org/10.1007/PL00012883

Miya, M., Fujita, S., Sato, Y., Ota, K., Hirokawa, R., et al.
2016, Centimeter level augmentation service (CLAS) in
Japanese quasi-zenith satellite system, its user interface,
detailed design, and plan, In Proceedings of the 29th
International Technical Meeting of the Satellite Division
of The Institute of Navigation (ION GNSS+ 2016),
Portland, Oregon, 12-16 September 2016, pp.2864-2869.
https://doi.org/10.33012/2016.14644

Motooka, N., Hirokawa, R., Nakakuki, K., Fujita, S., Miya, M.,
et al. 2019, CLASLIB: An Open-source Toolkit for Low-
cost high-precision PPP-RTK Positioning, in Proceedings
of the 32nd International Technical Meeting of the
Satellite Division of The Institute of Navigation (ION
GNSS+ 2019), Miami, Florida, 16-20, Sep 2019, pp.3695-
3707. https://doi.org/10.33012/2019.16977

Raspberry Pi Ltd. 2022, Raspberry Pi hardware documentation,
available from: https://www.raspberrypi.com/
documentation/computers/raspberry-pi.html [Accessed
20 August 2024].

RTCM Special Committee No.104 2022, Differential GNSS
(global navigation satellite systems) services - version 3
+amendment 3 (RTCM Standard No.10403.3).

Scherneck, H.-G. 1991, A parametrized solid earth tide model



Jaeyoung Song et al, Design real-time POINT SSR20SR Conversion Software 483

and ocean tide loading effects for global geodetic baseline
measurements, Geophysical Journal International, 106,
677-694. https://doi.org/10.1111/j.1365-246X.1991.
tb06339.x

Schmid, R., Steigenberger, P, Gendt, G., Ge, M., & Rothacher,
M. 2007, Generation of a consistent absolute phase-
center correction model for GPS receiver and satellite
antennas, Journal of Geodesy, 81, 781-798. https://doi.
0rg/10.1007/s00190-007-0148-y

Takac, F. & Zelzer, O. 2008, The relationship between
network RTK solutions MAC, VRS, PRS, FKP and i-MAX,
in Proceedings of the 21st International Technical
Meeting of the Satellite Division of The Institute of
Navigation (ION GNSS 2008), Savannah, GA, 16-19
September 2008, pp.348-355. https://www.ion.org/
publications/abstract.cfm?articleID=7964

Teunissen, P. J. G., De Jonge, P.J., & Tiberius, C. C.J. M. 1997,
Performance of the LAMBDA method for fast GPS
ambiguity resolution, Navigation, 44, 373-383. https://
doi.org/10.1002/j.2161-4296.1997.th02355.x

Teunissen, P. J. G., & Montenbruck, O. (eds.). 2017, Springer
Handbook of Global Navigation Satellite Systems,
Vol.10 (Cham, Switzerland: Springer International
Publishing), pp.627-629. https://doi.org/10.1007/978-
3-319-42928-1

Wiibbena, G., Bagge, A., & Schmitz, M. 2001, Network-based
techniques for RTK applications, in GPS Symposium,
GPSJIN, Tokyo, Japan, 14-16 Nov 2001.

Wiibbena, G., Schmitz, M., & Bagge, A. 2005, PPP-
RTK: Precise point positioning using state-space
representation in RTK networks, in Proceedings of ION
GNSS 2005, Long Beach, CA, 13-16 September 2005,
pp.2584-2594. https://www.ion.org/publications/
abstract.cfm?articleID=6467

Zhao, S., Cui, X., Guan, F,, & Lu, M. 2014, A Kalman filter-
based short baseline RTK algorithm for single-frequency
combination of GPS and BDS, Sensors, 14, 15415-15433.
https://doi.org/10.3390/s140815415

Jaeyoung Song is a researcher in maritime
PNT research office. He received B.S. and M.S.
degrees from Hongik University Republic of
Korea. His current research focus on RTK,
integrity monitoring.

TaeHyeong Jeon is researcher of maritime
PNT research office. He received B.S. and M.S.
degrees from Hankyong National University,
Republic of Korea. His current research
interests include PPP-RTK and GNSS/IMU
fusion.

Sang Hyun Park is the head, maritime PNT
research office and principal researcher the
maritime PNT research centre at the Korea
Research Institute of Ships & Ocean Engin-
eering (KRISO). He received the B.S., M.S.,
and Ph.D. degrees from Chungnam Natio-
nal University, Republic of Korea. He had
worked as a senior research engineer at Automotive Elect-
ronic R&D Center for Hyundai-Kia Motors. He has been
involved in lots of radio navigation-related research projects
such as a vessel berthing system using GPS, DGNSS reference
stations and integrity monitors, eLoran system, etc. His
current research interests focus on resilient PNT systems for
e-Navigation.

Sul Gee Park is the general management team
leader, maritime PNT research office and
senior engineer of the maritime PNT research
centre at Korea Research Institute of Ships and
Ocean Engineering. She received B.S. and M.S.
degrees from Chungnam National University
Republic of Korea. Her current research focus
on PPP-RTK, eLoran system and integrity monitoring.

http://www.ipnt.or.kr






