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ABSTRACT

The position accuracy of the stand-alone Regional Navigation Satellite System (RNSS) users is more than tens of meters

because of various error sources in satellite navigation signals. This paper focuses on wide-area differential (WAD) positioning

technique, which is already applied in Global Navigation Satellite System (GNSS), in order to improve the position accuracy

of RNSS users. According to the simulation results in the very narrow ground network in regional area, the horizontal position
error of stand-alone RNSS is about RMS 11.6 m, and that of RNSS with WAD technique, named the WAD-RNSS, is about RMS 2.5

m. The accuracy performance has improved by about 78%.
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. INTRODUCTION

3 FHLE oA WEohs &9 ASE ol&ste] A
ZoA| Al A &F3l Positioning, Navigation, and Timing (PNT) &
I

BE AlFsts AlAH02 A - A - 1k Adto] AX @
S glolAe Qb W4 zekz Aelei7ska ik, 0l
Global Positioning System (GPS)& A|Zto 2 Ao}, 87 =
=i 22 3 = 52 AA A of-of| ALt 24417 PNT 3
B AlZo] 7Fs5k AR JAHAIAHE (Global Navigation
Satellite System, GNSS)-& &3} 2451 glon, A=}
B2 247 2715 Ze AFETIHEE AHEslo] F& AHlA
@9 Ul PNT FEE AlFste A AT HAIAR (Regional
Navigation Satellite System, RNSS)& 2435} ¢ich $evtet
& o] TR AIA-] gt SR EF WE, 43 4R
AHS SBHE 71 34 PNT lsie 2hush] Sfsto] Ale]
sk ol S5 YJAISH A AE (Korean Positioning System,
KPS)& sle] +&25 AEE 71A 1 Tk (Ahn et al. 2020,
Joo & Heo 2020).
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Ao} SHTHALBE AAT SHTHA LD oA
2 9V A 23, TESV utolol A, el E /RS A
5 ORI QAL AR Q5] BE 29 4] 4 m SE] 91X
AL A ek AHgAE O e $E] HEEe) A1
£2 2H 9128 A4k $IsiAE GNSse] eAlaAES A

BRYRE AFshe BT 71ec] Bosiy, o
TR o2 o FYSHHA|AE (Wide-Area Differential GNSS,
WAD-GNSS)o] 2Jt} (Kee et al. 1991). WAD-GNSS+ th42] 7]
02 FdE A4 7EF U EHAE Fgstol 94 AE/
AA 2 AES PP EE 5] AREAMA AlFShe AlA
e e S
t} (Kaplan & Hegarty 2006, Kim 2007). WAD-GNSS2] m+ &
YRR E AAAEAES Bl AHERIA Wl Al
El-S Satellite-Based Augmentation System (SBAS) 2}11 5},
SBASE 337] o215 5 & b4 S aTsle Hopol T4
Aol Qlmete FA] BEE7F SREITH ICAO 2006). £tk
= GPS 7]Hk2] SBAS A]AEIQ] Korea Augmentation Satellite
System (KASS)7} 2023\ 2935 HHEZ /i Fof S} (Yun et
al. 2020).
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Fig. 1. Conceptual figure of wide-area differential RNSS (WAD-RNSS).
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2. CORRECTION GENERATION METHOD
FOR WAD-RNSS SYSTEM

2.1 Introduction of WAD-RNSS System

WAD-RNSS AlARE g 458 Wst 219 2s]
(RNSS satellites), &' 418 S E 5= i 71&
(Reference Stations, RS), 24 x| & &-85}o] SBASS} -S-A}SH
Sl £9kx| 2] =(Central Processing
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2.2 Satellite Orbit and Clock Correction Generation
Algorithm

AREARZ} 47) o) FHSE Y AEAYZRE 2H19] 914
of AJA 0 2FE Alitehe sl 49 7|2 dEE o o] &
shH, 22 S viEtE = o9 7180l A =T YA
£ 7INte s Q9] HEo AlA o5 FEekA 24T 4~ 3l
ot AEl S A Q&= o]F Fuabp 23S 9l Al AL, tiF
= 2191 ©X}= Saastamoinen model} 22 2 ES E5) A A5}
H A A= D AA ok 85 $1RE oAbAR S A spe Al
D3t Zro] TP

Sp=6R-é—6b+38B+¢ (1)

2} 5BE 2T 4 ek 01714 ek ST 1k A4
Blolu, et oapAE] 2% 2ok A HHA L
mm W5} S S XS TE Hatch fiters} e A0

= vk Ale Z7] 95k HHH 0 2 Least Square, Weighted
Least Square 5 {21712 % 7ol EAgic}. o] wf ghbe
F& A wix 71 VW ELA B4 A AA-7I1e= 1 A
22 Tefshel nhx) o ol 15H AN Hasioz 3l
71 AL Al 28E 8 As E AA exF 4 ghol AAle g
2 ol 7R\ 22 BA} s ek (Fig 2 32). ol g
EAE sAdst7] ¥JsFe] Minimum Variance (MV) &3 7|¥H-&
285 94 AE D A BHRE el delFo] Agke
B} 9]t} (Kim 2007, Han et al. 2017). MV &34 7]¥1<£ a priori &
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Fig. 2. Satellite orbit estimation under good and bad geometry.

TollMe o AI=AIA EEAE BEE sl e §2

o WAD-RNSSell 2gshcha satel = MV 3 714 & 283}

oAtk 24 A7 34 FEALE Eqs. ()9} 302 maEch

Ry = AL+ HTWIH)1HTW 1z (2)

Pyy = (AT + HTW-1H)™? (3)

95 2, we a7 l 2 3 2 ofmjgict.
A% a priori 10| FEA WLtk MV 24 71H S HET 9]
4 A=A AR YA L3LEES Kim (20073 Choi et,
al. QOI7)ol ] AATSHA Zelo] FHssiet.

2.3 lonospheric Correction Generation Algorithm

SBASE th4o] & o2 HE £33 M2 Eaby
(Ionospheric Pierce Point, IPP)¢] 474 Aa]& 2|1 2SS

2-25lo] m|g] FoE A= AxPH (lonospheric Grid Point,
IGP)9] 2] 2] A& S5k o] & FElS BYPEE A
Foih EAl Mes RAAE A4 YR E0R Inverse
Distance Weighting (IDW) (Chao 1997), Planar Fit (Walter et al.
2001), Kriging (Blanch 2003), TRiangular INterpolation (TRIN)
(Alleau et al. 2013) S-0] QJt}. o] ZojA] Kriging& T3] IGP
oF IPP 7} Aol W2 7453 B 8l 712 g o] el
slolele] B7H4 Al B4l mhe TEAR] Variogramg 2]
slo] B4 @] AeS AAS H o2 2 7hesT 7o R
ul=2] WAASO|A] A& $<1 darg]Eolot. Kriging &Lz &2
T chah A7 Bl SHEE F o Gelel i Hel e
of] &g 7H5gro] &olw v} 9l.en (Choi et al. 2017, Han 2018),
¥ Aol A= WAD-RNSSS] 193 AR A4 gaeze
2 A 8511tt. Kriging @il e| -2 4] (4~7)2

Kriging &4 ¢35 &

Iy gp = WTI_V,IPP (4)

Kriging 7}5X]
w=[W-WGeGCTWGC) 1¢TW]c+ WG (GTWG) 15 (5)
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Fig. 3. Conceptual figure of ionospheric correction generation.
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I71A Iy 1opi IGPS] 43 W& 2| 243, 0% (fy6p)= 5
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IGP&} 7H7h2 oA & AAste] A2 0 2 2831t} (Pandya
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7185 5 WA 7] diZoll IPP 57 | 2] 47} 2 W ol =t
T2 A& ui-e- Frh ek WAASS TPP A dare]S ofe
el IiE HE A AES BEPPE 7HE G A7} ol
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3. PERFORMANCE ANALYSIS OF WAD-
RNSS SYSTEM

3.1 Simulation Configurations
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Ground track of KNSS orbit constellation candidates
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Fig. 4. Ground track of RNSS orbit constellation (Choi et al. 2018).

Table 1. RNSS signal error modeling methods.

RNSS error sources Error modeling method
Satellite orbiterror  1st order Markov process

Satellite clock error  1st order Markov process

Ionospheric delay IONEX data (2014-09-01, Kp index 2.7)

+ Obliquity factor
Tropospheric delay ~ WAAS troposphere model (with mapping function)
Receiver clock offset  2nd order Markov process
Receiver noise Gaussian random (function of elevation angle)

9 g5 AlgElold 7IHre 2 £49517] 98l Choi et al. (2018)
o] AIHeF ikt FHTE A 94 A= AAIRD F 3719 B A
A= $14, 4719 ZARIE 902 T4 % 7710 Fig 49} 2
2 YA A FetrlE & AFgste] Bolslginh

H o 3Lof| A= T38| Dilution of Precision (DOP)of| User
Equivalent Range Error (UERE)E &F5}o] L& 3 Also0] of
d Aol A aE WY A5 EHA0) 7 03 R4S A
A 273t FALSHA Table 132} ZHo] R so] A& 0] 5191
o} B3] g Aol B 2 e nlAlE deE Ade K
Index 2.72] AA} 7o) 4] 2 IONosphere EXchange (IONEX)
dlolElg Fgslel BAFskch AelF AAT hRZF A

S 717} 9143 o] ofztof| it g2l obliquity factor@} mapping
functiong 1 &5lF o, LAV L TS 2 QxS 23t}
of S oJzte] thet P4z 2R sholck

20254 194 19 (UTC), 24A17F, 60 742 dlo|ElE K.&J5}o]
s A FUsIoN, JEHE Qb o uAsIsichn
75t AR ARE ThitE FH 9 25°~50°, % & 110°~140°
HA W 2.5° 7HHo 2 Bxskcta 7G58t Mask angle 7]
Fah ApEAL B 5ot

3.2 Performance Analysis of WAD-RNSS Corrections

Fig. 5% 274l A] /\13’5‘3_} WAD-RNSS 2448 A4 7ol
weh AlEEold e AT BgY RO d5S AHgAL AR o
ool Al EAgH Zlolck & ?ELOM WAD-RNSS AH-A}= SBAS
A2k} £Y5HA] DO-229D (RTCA 2006) F-Aof wheh B4
HEE A goI3lth Fig Sae 914 A= 2 AA B R A
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Fig. 5. Accuracy of WAD-RNSS corrections; (a) satellite orbit and clock
correction, (b) ionospheric correction.
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3.3 Performance Analysis of WAD-RNSS User
Position Accuracy

Fig. 62 TIE 2] QJHAIAH T i) Fo B4
7)%-& A 2519-S mf) AF&2}2] Dilution of Precision (DOP)
/52 93] QA4S 24417F RMS 54|19 514 A28 &
A5 Ao|tt T 31 AF22}= Weighted Least Square (WLS)
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Table 2. Statistics of user position accuracy.

HPE VPE
Accuracy (m) ©\GSonly WAD-RNSS  RNSS-omly WAD-RNSS
RMS 116 25 97 26
95% 128 30 124 2.9
97% 129 3.1 130 32
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Fig. 7. Histogram of user position accuracy; (a) HPE, (b) VPE.
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