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ABSTRACT

Precise Point Positioning-Real Time Kinematic (PPP-RTK) is an improved PPP method that provides the user receiver with

satellite code and phase bias correction information in addition to the satellite orbit and clock, thus enabling single-receiver
ambiguity resolution. Single station PPP-RTK concept is special case of PPP-RTK in that corrections are computed, instead
of a network, by only one single GNSS receiver. This study is performed to experimentally verify the positioning accuracy

performance of single baseline RTK level by a user who utilizes correction for a single station PPP-RTK using dual frequencies.

As an experimental result, the horizontal and vertical 95% accuracy was 2.2 cm, 4.4 cm, respectively, which verify the same

performance as the single baseline RTK.
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&= ¥4 20 km o] fof] $X|sfoF gt o] 23t RTKS] TS
&3] gk 71e 2 AjME PPPE MEo] 7|EHoA] BAA
HE Algkz] ok31 A4 Continuously Operating Reference
Station (CORS) el A4ks}e] A Fal GNSS $14 AlAILE
IS RAH RS olgslel UL $12S Tk PPPE J1F
=1te] 7]AA o] HlF&olw, 10 cm o]Uje] HEEE 7=
o] AN, B Kol Z3ER] k2 M, dFd 4}
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AFsE 4= 9l+= HH oo} (Heroux & Kouda 1995, Zumberge et al.
1997, Wubbena et al. 2005, Teunissen et al. 2010). PPP2} PPP-
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Ge et al. 2008, Bertiger et al. 2010, Teunissen et al. 2010, Geng et
al. 2012, Lannes & Prieur 2013). 71 =<t #|¢F3} PPP-RTK 7% =,
SPTF A4 AR F]uke] B 82 AASHE 51 Common
Clock (CQ), Distinct Clock (DC), Integer Recovery Clock (IRC),
Decoupled SV Clock (DSC), Uncalibrated Phase Delay (UPD)/
Fractional Cycle Bias (FCB) & E-& o]&35h= Zlo|t}. o]& 7]
HEO Al ad el B Fy 1 2 uhAlo] o] 7 THS}F &
UATE A%@._;_% gl 7F B B o] wiglo] 7Hgahn] 45t
o7 FUT A5 E AFshe AR FHH (Bisnath &
Collins 2012, Shi 2012, Li et al. 2013, Zhang & Li 2013). 2121} 3l
& 7140 et H231} julsin], @A AFEEE AHlARE &
Az 718 RAARE A}8351= 7]4£9] Geot++ AF2] GNSMART
2} QZSS Centimeter Level Augmentation System (CLAS)7}
FA]o]t} (Wabbena et al. 2005, European Global Navigation
Satellite Systems Agency 2019, Japan Cabinet Office 2020). & 7|
%2 7+7} SSRG, Compact-SSR3J41 0 2 HAAHE A 45l
S, 18 AIAl o3F H RE, )i Hlolol A, M2l S A, o
52 2 RAFRE AlFsc} (Kim et al. 2020).

Khodabandeh & Teunissen (2015)-& ©@ 7]&< PPP-RTK
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A SVAA D v 94, ZE violojA S —Zrﬂohl} 7
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CORRECTION GENERATION
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Table 1. Single-station PPP-RTK correction.

dT™ =4 Ap?”

Equation for generating 2 " » N "
estimable parameter 8" = AT [AG” + (upty: — ety )Ap!”]
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Fig. 1. PPP-RTK user algorithm flowchart.
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A%, BAE 0PN ERE B4 ADS §51EE Least-
squares Ambiguity Decorrelation Adjustment (LAMBDA) 7]
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2.4 £ 7|=2 PPP-RTKSt EZ RTK2| H|=
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3. PERFORMANCE EVALUATION OF
PROPOSED SINGLE STATION PPP—-RTK

3.1 PPP-RTK User Algorithm

Aol AH4-E PPPRTK AR§7t el & Fig. 1} e, 7]
233 M8 FEOR BEHE GPS S ol 8sle] L,
L2 055 mi4e] = 2 vkt SAF 2455 ol §ah 5
S4A L AR FAT pivot S0 2 Bl AR F RARR
£ H gk}, A] (7)0] =0k vk IAHS ol 5lo] Weighted
Least Square(WLSQ) ¥*H 2.2 1 epoch of|A]2] A4 n]x]% 4~
29] )2 75 5 22 eI 2 PAslo] 0|3 epoch] et 4l
H| 2 4ok 541 siE gkt (Yun 2009). ] LAMBDA 7|
o]-&sto] G mAAe7F 2 =M Integer WLSQ A1 Foi
AUSE = 2] &|E L3l (Teunissen 1993, 1994).
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Fig. 2. Test configuration of the PPP-RTK performance validation.
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Table 2. Multipath error for each staion.

L1 multipathRMS [m] L2 multipath RMS [m]

YCIG (Reference station) 0.2332 0.2493
YCHG (User) 0.2682 0.3712
YCMP (User) 0.2554 0.2554

Table 3. Station receiver and antenna.

Receiver Antenna
YCIG (Reference station) Trimble alloy TRM59800.00
YCHG (User) Trimble alloy TRM59800.00
YCMP (User) Trimble alloy TRM59800.00
GOS
G10
G12 —_—
G13
G15
i
G20
G2.
a5
14:00 14:15 14:30 14:45

Fig. 3. Skyplot (left) and changes of number of visible satellites (right) at YCIG GNSS reference station on June 1, 2021.

3.2 Single Station PPP-RTK Test Environment

o 7]&= PPP-RTK O] 455 2Qlstr] 91al Fig. 29} o]
&=k AHSAHE AR YHYIL(YCIC) A BELE 7
F£50=8, YHIF(YCHO), YH(YCMP) A HELE AREA}
2 AR ZF 71850l R F3 A oS R ekl
RMS+= Table 29} 2o m, Alo] S &3 TSR] ATk 71&
23} A4 BE FEA] 2GR AXTBEA RINEX Hlo]E1S
ARgR o ZF W54 0] 417]9} QFEuE Table 33} 2tk 4
9 A=< 2 International GNSS Service (IGS)2] ultra-rapid
(Predicted Half) productE AF&3Ht} (Kouba 2009). 2021 64 1
21 14:00~15:00 (UTC), 12 412 X172 dlo]el 2 Apgaje] 4
= ePstalon 9439 Bha7z(Mask Angle)2 7]E=i3F ARS:-
A B 15%]m 1] Ao} X Fig. 33 k. 47 T
A1 A] pivot $149) A9 27101 T L P7h TR 24
SPge Argshact.

N

3.3 Performance of PPP-RTK

PPP-RTKS] A% £42 Slo) 1239 RAHRE 245
29 5} ool o] PPP- RTKS] A5 AT

3.3.1 Analysis of estimable parameter

A& YA BAYE @17, 77, 57 rank BEo
2 oI} S-basis WEHE 0|5} T2 v]x|47} ZahE Yejol
o WA 9 A 93k B e B Fig, 4ol EABHACY
91 A1A) @3} Slell HHFH @3 APl TF ol S Holol 2
@} 6671, 7} TR Feholck. mebA] S1g AIA 02 WRR
o 9V A 2318 AsbA HW velA) w47k e
At S ufoloj2 BYY UL Fig 59k 2om w44 NS
FE Hlo]oyA xF edb”, — ubb,. 0] EFFHECE upx|Eto 2
W23 A9 QA4 Fig 63 200 GF B8 25 uolol s @
%} 5bJ%o:7t 2RIl ek

3.3.2 Analysis of user position error

Gk
YCHG, YCMP 7|&3-8 A2} 2 PPP-RTKE 4385t Ao},
Fig. 7& YCHG AMgA1e] A48l 235 45, 302 e}
wioict AY At A4t Fej o] 7 AIZke 2 Q15| XY 47}
A= Al7to] ek 100x715F B osilon 27] WLSQ &4 3
dd/do] e vl A o2 AL PPP-RTKE 335}
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Fig. 4. PPP-RTK satellite clock correction (left) and difference between satellite clock correction and precise orbit satellite clock (right).
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Fig.5. PPP-RTK L1 frequency phase-bias correction. Fig.6. PPP-RTK L1 frequency ionospheric delay correction.
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Fig. 7. Post-processing test result for YCHG user (left: horizontal, right: vertical), where blue dots mean PPP-RTK float position, red dots mean PPP-RTK fixed position.
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Table 4. Results of the positioning for 1 hour for single station PPP-RTK.

Site Float RMS [m] Fixed RMS [m]
YCHG Horizontal 0.127 0.015
(9.9km)  Vertical 0.275 0.067
YCMP Horizontal 0.075 0.022
(13.5km)  Vertical 0.133 0.044
0.1
- (PPP-RTK)Float
0.08} -+ (PPP-RTK)Fixed
0.06
0.04

North [m]

0
East [m]

0.05

0.1
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Table 5. Comparison of the positioning for 1 hour for single station PPP-
RTK and single baseline RTK.

Site Single station PPP-RTK  Single baseline RTK
Fixed RMS [m] Fixed RMS [m]
YCHG Horizontal 0.015 0.011
(9.9km) Vertical 0.064 0.025
YCMP Horizontal 0.022 0.018
(13.5km) Vertical 0.044 0.028
1
- (PPP-RTK)Float
08 *  (PPP-RTK)Fixed
06}
04f t
0.2
= g
= of
N
0.2 [sf
0.4 "
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0 500 1000 1500 2000 2500 3000 3500
epoch [s]

Fig. 8. Post-processing test result for YCMP user (left: horizontal, right: vertical), where blue dots mean PPP-RTK float position, red dots mean PPP-RTK fixed position.
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Fig. 9. Post-processing test result for YCHG user (left: horizontal, right: vertical), where green dots mean single baseline RTK fixed position, red dots mean
single station PPP-RTK fixed position.
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2013). Y &9 U Y RofollA nA 40| ApAdo] At
A %E A BEAT &9 |2 7H¢5] o] RTKe} PPP-RTKR
F A7t Hes] 2 E 0] 9] 59| sfjof] s LAl
9ith (Cho et al. 2011, Lim et al. 2018). Fig. 9= YCHG AF&-2}¢]
RTK, PPP-RTK £9] 55 %, #2102 Yep]lct F 719
1A Q] Apol= £ o 2 4 mm (RMS), .22 2 39 cm (RMS)
2 A3t AR 02 ERIEGIT Fig. 102 YCMP AHE-ALS]
RTK, PPP-RTK 9] 55 %, #2102 Yep]lct F w9
DA = $£HOoZ 4 mm (RMS), 212 2 1.6 cm (RMS) x}o|2
UEbgth A9 A} 35 RTKS}F SSR A0 HAPARHE whgo}
+ PPP-RTK 9| 59] 450 fARE A& 215kt

o o

4. SUMMARY AND CONCLUSIONS

:

Toll A o) Fu4E AgSHs Tl 7|5 PPP-RTK
Shelshaxt PPP-RTKO) 24 2 A4 THg 3 Aba At
Al 7 2] mlA e YR olRHoR &
sl ©rel 7141 RTKe} k] 7] PPP-RTK®)]
Bl BA1519ie) Aol A8 PPP-RTK 7]%
Agstel 914 FE X8 AL, QL 9]
oI5 @3}, $IAT W o}, ArA 2,

S} AAT 2T, bt SV Z8

ox T

olr

oo

ox,

ox Mo

|
o

Q.
S
E.

S

K
it
o

ofy me,

> o
to OI?F
N O
S oglo o
Ra)

N

N,
r2 o
rlo

>
>
2]
2
ol
e
ol ©f

L pLrr o rE ook o 2 2 N o
= % ob Y " 55 E ha
ol - N
cER=xe
e Y
o Pﬁ oX s
T EE
on o = = o
X
tes oft @: }"ﬁ ﬂ.l]m
F_?ﬂ FIF _D. o O}: ﬂ.llO
o r% we oy 5 ooill
= o =
N (l;>4 s L
N _?17 i b X
H & 1 ox ol
g o booX
P o [T
roln ]r
5
7~ _]l)ll > _1)11 l')l
O o ofy oy =
ox b 2N i N
of N N,
Lol
ol
- i
£ ox

ox
4>
k)
W,
=)
)
ox
>
my,
o
ox
ofr
X
)
ofl
ne
ok
H
o
)
%
>

_?L
£
30
rlr
g

<{
o
B~
o

N
N
N
rr

>
o

Y
-+
24

=

= [

7ol % 71 S M 4ae ), FU
oz 31}, o] Ak 2He-e

Ele 2y PNT A

o 1o Ho A &
o

2 4o\ oR &
[» of fo
il
N
)
X
Ir
L
il
>
al

£
o
g
(m
001!
(BT
ol
:?L_I,
o
)
R
lo,
2
o
=]

https://doi.org/10.11003/JPNT.2021.10.3.159

D5 G451 A4 4 9l Ao Sleject
£3 71 AZF ZHA 0k We Welel HelE A myARS
AAsIe] 20 kmBeh @ A S AR AFERl] et E L A
Yol W A ARES Tefe 29 ABS BAT ofgolct
ACKNOWLEDGMENTS

2 =2 20219 e SFpARE F7IAFNEANY “A1471RE
AlElmEl g sl A PNT 7]e/id s 3" d-23duch
(PMS4650).

AUTHOR CONTRIBUTIONS

Conceptualization, J. Ong, C. Park, and S. G. Park;
methodology, J. Ong, C. Park; software, J. Ong; formal
analysis, J. Ong; writing-original draft preparation, J. Ong;
writing-review and editing, J. Ong, C. Park, S. G. Park, S. H.
Park; project administration, S. H. Park.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Bertiger, W., Desai, S. D., Haines, B., Harvey, N., Moore, A. W.,
et al. 2010, Single receiver phase ambiguity resolution
with GPS data, Journal of Geodesy, 84, 327-337. https://
doi.org/10.1007/s00190-010-0371-9

Bisnath, S. & Collins, P 2012, Recent developments in precise point posi-



tioning, Geomatica, 66, 103-111. https://doi.org/10.5623/cig2012-
023

Cho, S. L., Han, Y. H,, Choi, H. H,, Heo, M. B,, Park, C. S., et
al. 2011, Improving the Performance of CDGPS using
the Shaping Filter on Multipath, The Transactions of The
Korean Institute of Electrical Engineers, 60, 2318-2325.
https://doi.org/10.5370/KIEE.2011.60.12.2318

Collins, P. 2008, Isolating and estimating undifferenced GPS
integer ambiguities, Proceedings of the 2008 National
Technical Meeting of The Institute of Navigation, San
Diego, CA, January 28-30, 2008, pp.720-732.

European Global Navigation Satellite Systems Agency 2019,
PPP-RTK Market and Technology Report.

Ge, M., Gendt, G., Rothacher, M., Shi, C., & Liu, J. 2008,
Resolution of GPS carrier-phase ambiguities in precise
point positioning (PPP) with daily observations, Journal
of Geodesy, 82, 389-399. https://doi.org/10.1007/s00190-
007-0187-4

Geng, J., Shi, C., Ge, M., Dodson, A. H., Lou, Y, et al. 2012,
Improving the estimation of fractional-cycle biases for
ambiguity resolution in precise point positioning, Journal
of Geodesy, 86, 579-589. https://doi.org/10.1007/s00190-
011-0537-0

Heroux, P. & Kouba, J. 1995, GPS precise point positioning
with a difference, Paper presented at Geomatics 95,
Ottawa, Ontario, Canada, June 13-15, 1995.

Japan Cabinet Office 2020, Quasi-Zenith Satellite System
Interface Specification Centimeter Level Augmentation
Service (IS-QZSS-L6-003).

Khodabandeh, A. 2021, Single-station PPP-RTK: correction
latency and ambiguity resolution performance, Journal
of Geodesy, 95, 1-24. https://doi.org/10.1007/s00190-
021-01490-z

Khodabandeh, A. & Teunissen, P. J. G. 2015, An analytical
study of PPP-RTK corrections: precision, correlation and
user-impact, Journal of Geodesy, 89, 1109-1132. https://
doi.org/10.1007/s00190-015-0838-9

Kim, Y.-g., Lee, H.-c., Kim, M.-s., & Park. K.-d. 2020, Analysis
and Positioning Performance Evaluation of Three SSR
Specifications: SPARTN, Compact-SSR, and SSRG, in
Proceedings 2020 IPNT Conference, Yeosu, Korea, 11-13
Nov 2020, pp.131-135. http://ipnt.or.kr/2020proc/104

Kouba, J. 2009, A guide to using International GNSS Service (IGS)
products. https://www.researchgate.net/publication,/228663800

Lannes, A. & Prieur, J.-L. 2013, Calibration of the clock-phase biases
of GNSS networks: the closure-ambiguity approach, Journal
of Geodesy, 87, 709-731. https://doi.org/10.1007/s00190-013-
0641-4

Li, X, Ge, M., Zhang, H., & Wickert, J. 2013, A method for improving
uncalibrated phase delay estimation and ambiguity-fixing in

Junho Ong et al, Performance Expectation of Single Station PPP-RTK 167

real-time precise point positioning, Journal of Geodesy, 87,
405-416. https://doi.org/10.1007/s00190-013-0611-x

Lim, C.-s., Park, B.-w., & Heo, M.-b. 2018, Correlation
between the Position Accuracy of the Network RTK Rover
and Quality Indicator of Various Performance Analysis
Method, Journal of Advanced Navigation Technology, 22,
375-383. https://doi.org/10.12673/jant.2018.22.5.375

Mervart, L., Lukes, Z., Rocken, C., & Iwabuchi, T. 2008, Precise
point positioning with ambiguity resolution in real-time,
Proceedings of the 21st International Technical Meeting
of the Satellite Division of The Institute of Navigation (ION
GNSS 2008), September 16-19, 2008, Savannah, GA,
pp.397-405.

Retscher, G. 2002, Accuracy Performance of Virtual Reference
Station (VRS) Networks, Journal of Global Positioning
Systems, 1, 40-47

Schaer, S. 1999, Mapping and predicting the Earth's
ionosphere using the Global Positioning System, PhD
thesis, Astronomical Institute, University of Bern.

Shi, J. 2012, Precise point positioning integer ambiguity resolution
with decoupled clocks, Unpublished Doctoral Thesis,
University of Calgary. https://doi.org/10.11575/PRISM/27397

Takasu, T. 2013, RTKLIP v2.4.2 manual (Tokyo, Japan:
University of Marine Science and Technology).

Teunissen, P. J. 1985, Generalized inverses, adjustment, the
datum problem and S-transformations Optimization
of Geodetic Networks, eds. E. W. Grafarend & E. Sanso
(Berlin: Springer), pp.11-55.

Teunissen, P. J. 1993, Least-squares estimation of the integer
GPS ambiguities, Invited lecture, section IV theory and
methodology, IAG general meeting, Beijing, China, pp.1-16.

Teunissen, P. J. 1994, a new method for fast carrier phase
ambiguity estimation, Proceedings of 1994 IEEE Position,
Location and Navigation Symposium-PLANS'94, IEEE,
Las Vegas, NV, USA, 11-15 April 1994, pp.562-573.
https://doi.org/10.1109/PLANS.1994.303362

Teunissen, P. J. & Montenbruck, O. 2017, Springer handbook of
global navigation satellite systems (Switzerland: Springer).

Teunissen, P. J., Odijk, D., & Zhang, B. 2010, PPP-RTK: results
of CORS network-based PPP with integer ambiguity
resolution, ] Aeronaut Astronaut Aviat Ser A, 42, 223-230.

Wabbena, G., Schmitz, M., & Bagge, A. 2005, PPP-RTK: precise
point positioning using state-space representation in
RTK networks, Proceedings of the 18th International
Technical Meeting of the Satellite Division of The
Institute of Navigation (ION GNSS 2005), September 13-
16, 2005, Long Beach, CA, pp.2584-2594.

Yun, H. H. 2009, Improving performance of ambiguity
resolution in GPS carrier phase using Kalman filter, M.S
Dissertation, Chungbuk University.

http://www.ipnt.or.kr



168 JPNT 10(3), 159-168 (2021)

Zhang, X. &1, P. 2013, Assessment of correct fixing rate for precise point
positioning ambiguity resolution on a global scale, Journal of
Geodesy, 87,579-589. https://doi.org/10.1007/s00190-013-0632-5

Zumberge, J., Heflin, M., Jefferson, D., Watkins, M., & Webb,
F. 1997, Precise point positioning for the efficient and
robust analysis of GPS data from large networks, Journal
of geophysical research: solid earth, 102, 5005-5017.
https://doi.org/10.1029/96]B03860

Junho Ong is researcher of maritime PNT
research office in Korea, Republic of. He
received B.S. degree from Hannam University.

He received M.S. degree in Weapon System

L

Engineering at University of Science and
Technology (UST). His research interests are

GNSS receiver, anti-spoofing algorithm, and
WADGPS technologies.

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.

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 Engineering
(KRISO). He received the B.S., M.S., and Ph.D.
degrees from Chungnam National University,

Republic of Korea. He had worked as a senior
research engineer at Automotive Electronic 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.

Chansik Park received B.S., M.S., and Ph.D.
degrees in Electrical Engineering from Seoul
National University in 1984, 1986 and 1997,
respectively. He has been a Professor with
the Dept. of Intelligent Systems & Robotics,
Chungbuk National University, Cheongju,

Korea, since 1997. His research interests

https://doi.org/10.11003/JPNT.2021.10.3.159

include GNSS, PNS, SDR, integer ambiguity resolution
algorithm and Error Analysis.



