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Evaluation of SSR20OSR Positioning Performance Using SSRG Messages Provided
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"Department of Geoinformatic Engineering, Inha University, Incheon 22212, Korea
2PP-Solution Inc., Seoul 08504, Korea

There are two types of error correction applied to GNSS positioning: Observation Space Representation (OSR) and State
Space Representation (SSR). The widely used RTK and network RTK positioning is the OSR method, and the correction
information at this time can be regarded as the total amount of various errors. On the other hand, the SSR method provides
satellite orbit, satellite clock, satellite bias, tropospheric and ionosphere errors, respectively. The SSR method is attracting
attention as a new technology for GNSS positioning due to its high data transmission efficiency and the ability to provide
uniform accuracy regardless of the baseline distance. In this study, the SSR20SR conversion method and positioning
performance were studied so that users could apply the correction information of the SSR method to the existing OSR
method using the GNSMART-based SSRG, which is currently provided free of charge to the general public by the National
Geographic Information Service among various SSR messages. In the case of Code-Precise Point Positioning (Code-PPP)
positioning using the code pseudo range of the GPS satellite and the SSRG message, it showed sub-meter-level positioning
accuracy with a horizontal error of 0.6 m, a vertical error of 0.7 m, and a three-dimensional error of 0.9 m. SSR20SR-DGPS
positioning also showed the same level of positioning accuracy. This corresponds to a 3D error improvement rate of 150%
compared to the standard point positioning (SPP) using the clock error correction method provided by the GPS Interface
Control Document (ICD), the Klobuchar ionosphere model, and the GPT tropospheric model. In addition, when RTK
positioning was performed through the SSR20OSR conversion process, 1-3 cm positioning accuracy was achieved at a level
similar to that of network RTK

Keywords: GPS, OSR, SSR, SSR20SR
1. &

Global Navigation Satellite System (GNSS)2| 2XtZHE Observation Space Representation (OSR) 1t State Space
Representation (SSR) Z410| UCH SSR2 RIS ASZ, A& AIA, ol/\* HIOIO A, IRH R 028 AUE 22
= HMSB&tCh Mol && S=201 =10 JI&AH2I0H RASHH 2Lst FEHEE M = Uls
HBHOZ GNSS =219 A==z 22 QUL SSRUHAIXKIE HE8t DESAIHEl ERIE Code-Precise
Potint Positioning (Code-PPP)ct &tCH (Kim 2016). StXI2F, SSRE2 SAHZEFEOl Sz &AHZ 22X LR9
o2 SSRE HME6t) UL, SSRE MEBE = U= JIEQ DIE A AEX=E AIBE = QU=
S&E0l ULH

2 AF0NM= ZE%0l BIHE SSR = 2EXNFESJ0NM MBot=
£ JIEY MEXIL AFEJIs8H OSRE B &l MHlAdts S H3otn 914
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2. HIAE XSE & 2HY

20214 52 32(DOY :123) BA=EE AFAIN XIS YCIG, YCMP, YCHG JIE=2S 0I85t%UCh 0l Al
=EXCIEE20AN 8Eots JIE=22 4102 GHHILIDE Trimble Alloy, TRM59800.00
'Ch Fig. 12 HIAE X&ES LIEtH Aoz B2H4 H2 SSRG A XNE, Itetd 82 JlE=s LU
EfHCH SSRGS AXNE2 9, & 1k 2A2Z ZHEEHCL
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Fig. 1. Test area (Yeongcheon—si, Gyeongsangbuk-do, Republic of Korea).

Table 1. Distance between test site.
YCIG-YCMP YCIG-YCHG YCHG-YCMP

13.5km 9.9 km 16.2 km
HAEE GPS AP AMESIH DEAtI e, BHEMRe EAE MEMGHUCH SSRG2 A XE
I ALKI, Virtual Reference Station (VRS) JHEZ= OIEotH AIEA 2X0 JtaIIE=S £Fot) Jta2s
ss S0 AU AUCH Jta2= s S M, JHYIIE=2 AXNAM JtE JH2 4912 SSRG
2xNES HE5tD _‘?'_DJE’.*O SO Jra2= gt =L Tabl 12 Al J21&= At0I2 Il HElOICH 15 km
LHelel 20 M JIE=0] fIXlot, 2 JIE=22 JECZ JIE I 442l SSRG AXEO 2%

Ct2Ch= EE01 AL
DE2IAMHEIS ES Pseudo Range Correction (PRC)E 0| 2§t Differential GPS (DGPS), BHSII?IAS HR
Real Time Kinematic (RTK)E & L.

3. SSR20SR
3.1 Virtual Reference Station (VRS)

SSR20SR B EEAI2 VRS HEZ 0IZ0tH RSEICHL AIEXN FHO JtMI|IE=S &80t Jtakel
z 4

2= g2 UECH AN2S gt Jtaa=E g2 A (142 &Ch
P.= p,+C(6t, — 6t5) + 8T, + 6.+ SM, + 6, + 65+ ¢ (1)
P, = p, + C(=6t%) + 6T, + &I, + 8° )
AQ, = p, + C(8t, — 6t°) + 6T, — 8, + M, + AN, + 6, + 8° +e¢ 3)
A, = p, + C(=6t%) + 6T, — 8I, + &° (4)

04JIA P& Pseudo Range, @ = Carrier Phase cycle, A= UI&E LIEILL JIE20AMS AXN2AS g2
OtcHE Xt r, JtADIEZ2 Jtat&E g2 OFEH’_“XP vE HEOIRUCH p= |41 S
6t FIEAMHA LI, St,= F=AIAH XL, HEH QX 1= 028 24X, sM,. 2 Usd
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ot ?Idel ot=A0 97‘(} e= HEQXNE ol Ite2F g2 ANE= g0l OtLIZ2Z
HE2Xt= MAHE SEHOIC

32 ZEOAIAE S22

TEOAAHE ERI= IJAINESUAM PRC% gt=1 AX2=EX0 H#E0tH DGPS SR E &L
PRCE 0|Est DGPS =%= Klobuchar 0|2Z X221 GPTUHEH 2LXIIZEES 0/&E8 Standard Point
Positioning (SPP), SSRE ZEC[AtH2I0 7—“.% ' Code-PseudoRange Precise Point Positioning (Code-PPP)2t
Hl W &Ct. SSR20SR-DGPS, SPP, Code-PPP =%/ Z = Fig 2, Table 22+ 2Lt

M JlE= 2% =% 22XJt RMS 3D JI&E22 SPP € 3 mWl A Code-PPP, SSR20SR-DGPS 2 I m

+E=0Z Sdt=s A= O
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Fig. 2. SPP, Code-PPP, DGPS at all test site.

Table 2. RMS positioning error at all test sites.

Site SPP (m) Code-PPP (m) SSR20SR DGPS(m)
RMSH RMSV RMS3D RMSH RMSV RMS3D RMSH RMSV RMS3D
YCMP 160 260  3.05 069 072  1.00 063 079 1.0l
YCIG 164 256  3.04 075 073  1.05 067 076 1.0l
YCHG 151 245 288 064 070  0.95 057 076 095

Bt & =Z2I= Least Square Estimation (LSE)2t Kalman Filter (KF)E 0| &8t RTKE 22t A& L
LSEE 0|28t RTKE S/XNE L HAIIE=RQ JIdHH HE =/LLXE HlW, KFE 08 RTK=
+BA2tS EA48HCH LSES 0/ &8t RTK2l Z 1= Table 30t 2CH VRS MAHLX = SAXNECZ 2H
10km W2l R 1-3cm =2 S/AZSHEE 2SS I

= Lo

Table 3. RMS 3D positioning error according to baseline distance at all test sites.
Distance YCIG (cm) YCMP (cm) YCHG (cm)

~1 km 0.01 0.02 0.01
~10 km 1.4 1.6 1.4
~100 km 16.4 16.2 16.3

Table 4. Time & 3D positioning error at all test sites.
3D error (m)

Site

990 s 1020 s 1050 s 1080 s 1110s 1140 s

YCMP 0.028 0.027 0.026 0.025 0.025 0.024
Site 3D error (m)

720 s 750 s 780 s 810s 840s 870s

YCIG 0.030 0.029 0.029 0.028 0.028 0.028

YCHG 0.029 0.028 0.028 0.028 0.028 0.028

Fig.32 JIE=1 VRS2 J|&H2IIOF 10kme [f KFE OI|E8t RTKOICH =& Al2t2 RMS3D 2XtJt 3
cm O|oH 3D HHEBH S0l 1 mm/epoch OIGHE | X |%EF M JI1=22 YCIG, YCHG 750, YCMP 1050= 0| Ct. 30=
|

|
2H20l HIOIHZ 12~172 A0l »&ote XS QI Tabled= Al2H0I ([H2 3D 2XHOICH
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Fig. 3. RTK-KF at all test site (distance between site & VRS: 10 km).
4. &8
2 d9R0ME =EXNCIEERJ]0AMN NSote SSRGE 0|25t SSR LAUBIHFEE J|EL LUEH
SAI0l OSRE BIBIGHE ¥ D S/AZHTS 2A6HACL BECIAI2lE PRCS 0/88 DGPSE o2,
Ml J1&= 2% RMS 3D J|& SPPAl & 3 mOIM SSR20SR-DGPSAl & 1 mZ 150%2 &&E= 2L
GSMRAAS 2 ASXNZ2H 10 km LH2IZ VRSE MASIUE M RTKAl 12~17=28 = A2t 1~3
cml ES/ESHEE EUL
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