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ABSTRACT

In this paper, a test bed for real-time network Real-Time Kinematic (RTK) research was constructed using reference stations

of the NGII. A group of candidate station networks was derived, including three stations in Seoul. The group consisted of four

stations with a distance of less than 100 km between them. Among several candidates, a network composed of stations with

short distances between them and demonstrating good data quality for all reference stations was selected as the test bed. After

collecting real-time data in Radio Technical Committee for Maritime services (RTCM) format from the selected stations and

conducting a noise analysis on measurements, mm-level carrier phase measurement noise was confirmed. Afterwards, the

user set the reference station inside the test bed and analyzed the network RTK positioning performance of the MAC method

using the GPS L1 frequency as post-processing. From the result of the analysis it was confirmed that the residual error for

all users was within 10 cm after applying the correction. Additionally, after determining integer ambiguities through Least-
squares AMBiguity Decorrelation Adjustment (LAMBDA), it was confirmed that the fix rate was 100%, and all ambiguities were

resolved as true values.
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1. ME

thF 71E=719ke] emg AW ' A ARIQI network Real
Time Kinematics (RTK)+= © 7]&=+7]¥t RTKS] 718 A=
s2s17] 98 AlQt=EIATh (Euler et al. 2001, Rizos & Han 2003).
Network RTK= BAA B A2 vlAlo|| wle} Virtual Reference
Station (VRS), Flachen-Korrektur-Parameter (FKP), Master-
Auxiliary Concept (MAC) 37}1]4_ H==} (Park & Kee 2010).
VRS WAL 12 FE0) 2 Z o] galo] AH8AE 1K) M

&% 2AE BEo] WYPHE AT FKPE £7)53
o 2ok exfe] B2+ BT BAS WHYHE APk 1}
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E9)510]4] MAC 4]0] Abgo] 7F5siehd th
7}s5lc) (Takac & Zelzer 2008).
9] network RTKE AH&-517] JsiAd F7]&= VA
71EFo 2 Y YENZIL sk vE
=7k 727} 100 km oJUiQl 7| &=& AHES
(Grejner-Brzezinska et al. 2005). @z} ZEX]|
=0 71&=& AAIekL &4 Foll Uk 92
sl Bwslo] Qo] olF AlgahY ) 5
] = U EYIE +=T 4 At T3 Network
Transport of RTCM via Internet Protocol (NTRIP)-S £3] AlA]
7k Hlo]elE RTCM 2o 8 A5 Foltt o|Tt o] &2 %+
MY uge] 7)ade Agel B 59 AL g
network RTK 175 3 HIAEHES #5524 Jloh +
HAEHES AMsh F1ET0] UA] Hlole g AMgslo]
AW A W Apex} Z0] oFya| o] thol Qe eyt
o}, webA £ Egol A AulA X0 Agela FEA)
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219] 7| &S AF-5}0] network RTK] B|AEH|EE J1&5}71

*;i’é;lléﬂ% of G A& 2= M EHZ &
Th 2218 4 9loh Network RTK AME-S $Jald V| EY =
Joh= E% 71 &9 EﬂOIEi *‘Z‘Ol Fosfof %PD} Eﬂ°1 g

(TEQC) == Ej—%% o] &5lo] BAIS 4= ¢lc} (Estey & Meertens
1999). FEA 2P E AL 1Y 7HH o2 7|E=e] dole] 24 F
B gds Agsla Jlenzg fojg F2 H|ZE §3l HF
YELZE Y3t YEHA A% & 2 7]&=oll4] Radio
Technical Committee for Maritime services (RTCM) 3.2 U 2]
AAZEHoEE £510] YA FHS Pt S 4] &2

WA BAg Bl psivl 4403 2

2. HAEHIE 315

2.1 FEX|2|HEE 7| == sl

E A EAL 20234 69 152 7] 0] V22L&
F5kaL Qlot. $2417] 71208 587)¢] 7%= Trimble, L A
347K 712 Leica FH|E AFHESIH, o] 59 91X+ Fig. 1o Lt
ePd A3} 2tk MAC HFA 9] network RTK BAA B L= 7| 237}
EA 2] xtolg BYY R AlFsich U ELIE 745 7%
o] 417] Zu)7} k2 72 914 A5l S E 2ol
A z}o]7} ¥AHEF 4= 9Jt} (Hauschild & Montenbruck 2016). 71
2 Qs WS ZAIE A5t f18l 2 =2olAe o4

7|&o] AR 591 Trimble AFo] £+417] 5 ALgSH= 7| &30S
AHgste] HlAEMES T39I
22HE93 24

AFEAFE Al TSkl et 37]9) A&A] 7] (GUMC, SONP,
YONS)E A& o, AJ&thsta 7]& 71& §H 100 km o]
o] 7|&=-2 177 o]t & =Rl F71E3 Ulie} 37]9] 17
02 UELIE sl 419 AH&AL A& 239t
of -1 7|27k 7127} 100 km olspt HES Y EYAE T
4% At ok 807)9] TR} EEEQCE Fig 28 1F YREE
ARt g o]t

71&=7 A7 wEeE S48 omg FY S92 7
slt} 0]215k o] &2 71227 A8} 30-70 kmE Te F Y E
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Fig. 1. Reference station map.

93 2% TR AUslt Fig 38 AUE F FRE &
AlgF aolck. 1YL Bal HAT 4 UKol 2 1L PAIU

INCH, SOUL DOND 7%%94 stoltt, = Y E9|3 = SOUL
7} DOND 7|%3+& Al9lslH 5UT 7|57S AHTT & &
H Z 25202 gAEHE AME Y EYIE doly 2

w4 Aake Fsiel Mgt

23 HAEHIE HE3 MY
S 2] 2] A Kol xﬂJ— }_ 20231 9 sk Fete] Hole
£4 JHE 57sl0] 243 ATH= Table 13} 7}, Table 10

4] “Ratio of complete to possible observations”& oAlE = Q]
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Fig. 2. Reference station network candidates for network RTK testbed.

Fig. 3. Selected reference station network candidates. (a) candidate #1, (b) candidate #2.
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Table 1. Data quality of NGll reference stations (09/2023).

Ratio of complete to

Station possible observations (%) MP1 (m) MP2(m)  1,000slips/o
PAJU 90.1 0.6 0.5 3.1
Common SUWN 93.9 0.2 0.3 1.9
INCH 87.6 0.6 0.6 74
Candidate #1 SOUL 86.8 0.9 0.7 13.9
Candidate #2 DOND 88.2 0.5 0.5 4.1
Average of all stations using Trimble equipment 90.5 0.5 0.4 4.0
Fig. 4. Noise of GPS L1 frequency measurement. (a) pseudorange, (b) carrier phase.
H} St B e SEol om £EL WEoF ShEE Y ARE S ok TelT AN SR Fee 371% 914 el
H 712259 2HAE 2st0] S BASICE AN o} P4 REY 3 4 9lok (Park 2008). Fig 4% 2t 71229
network RTK 175 913+ HIAEH|E F&o] F3ro]7] wiZe, GPS L1 Fuba SApAY 542 115 A e} oxpAY &
AR dlolele] HYNE BAT Bask ek FEADYEY YR 20 1100S F02 W} Sk HYR 0 e £ES
2 GNSS tlo]e] Fe AlE| 9] NTRIP casters F3ll 2 718+ LA e azelch
2| S AAIZFRTCM Z52] lo]el2 w43tk 412 Hlo] Te) S Bf BeIe 4 Qo] GPS LI Fuks Wiut 94
& FEZ| 2 B AgE NTRIP client 22 7348 AR £429 g #52 AGLNAE om 0l Ol BE 7]
519 $73 4 9tk RICM Z90] dloje] % th% 9izaltp &34 2540z solsny 4% g B4 23} 453
T Tk S5 ALsh=s RTCM 329 o8& 55| & 71&= U EHZE 53l GPS L1 3445 AFER}F network RTK

2 BAsle] WS S ZAA HE £ AFT 4 Ut

(Kee et al. 1997). GPS L1 5k4-2] oja}Ae] Z4%] 4hg £A14]
o cheat ek,

g1 =P —P1—2 ¢L11_¢LZ 1)

(m) -t

&1 =84 — E[fu] 2

Eq. (Dol e SabA2] 597 232 olujsted, obef Hake

FW4E oJujgith p A ZHNE, g WS S &

AAE oulsh, A= o ZolE oJu|gitt Eq. ()94 E[- 1=

B2 Uehii QAkztolch. Eq, (209] Zpie 243 olapAe)

24219 e ARolch SF #4 g2 94 Pzl whet 43

slo] LEWAE ALV 2ol k2 34X 10 2715 A

https://doi.org/10.11003/JPNT.2024.13.1.103

o] 7haet Ao 2 wokEt ek AAg 7|E U ESA
+ network RTK A5 I3t HlAEH|ER ARRSE 4= Qloha &
Tl 3ollA = HIAEHIE WR ARG-ALS] network RTK 59
Ao Basloict

o= Wi

3. HAEH|E NETWORK RTK

3.1 MAC %2] Network RTK 312|&

GPS L1 Zu}&
o} Eq. @2 7|5

2221 9] network RTK RAA B E 45190

Sh]
o] Wkt Sl 24 2ol st Alo]c.
¢l = dl +6Rl, — b + By — I}, + Ty + Nja+ €],
¢ =dl+6R —b/ + B, —I) +T/ +NJa+¢ 3)
o714 de 914 71E= Abe]l APZE Ynlstal, RS
3 A 924 olujgich. bt BE 2t7h 943 417] Al
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HFA1 O] network
RTK ¥AARE Fy|22o] 242 A== Carrier Phase
Correction (CPC) B H e} -HI|27F S22 20| 2 AY
AE]&= Master-Auxiliary Correction (MAC) HAARZ LA H
ot F7)E=9] CPC HAPY B = W A=Y o2 AL 94
of $1R19} A7 93} HRHRE Agsle] AT
CPC,{,, =
oI714 d& W =S AMgslo] ALkt 949 $1]
= Ato] 43@’5 omjstaL, b & 94 AA o3k BHYH
n|gtet, Ag2boll Al CPC B HTHS A 2s 49 o
S7]9ke] RTK} FUste] 7]&=k AHEA} Ate] A2|7} 2
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MAC’ = CPC’ - CPC’

oA71A Ae 7183 52 2RE 9] AAHREE, v 917 AR
o] A4S oJu|gteh Eq. (5)ollA &1 4= jl5o] MAC B4
FERE AT ol F-RI1E=3 olF A2 nAY S 25t
of A|AsH Et} ARgARE CPC B H oL MAC B R

FHom E AR E _71\_?:}'6}01] AFg3IT) 379 By
A MAC BEAZ R d
A5 F3ko] CPC BHAH Kol Agglict.

1
e
H
2

Corr/ = CPCly + $3_, waxMAC],, (6)
MAS

A71A we 7+ER1E Uit HARE AetAlol AHg-H

= 7FsAlE oy B3 IS ‘ETHH A4k 4= Aok Network
RTKo|A ZEZ 0 2 AFESl= B 7% © 2 Distance-based
Interpolation Method (DIM), Low-order Surface Model (LSM),
Linear Interpolation Model (LIM), ZL&] 1 Linear Combination
Model (LCM)o] Itk ol 78S ALgab=7|o] mat Algate)
29] 40| thaw, DIMO] Hla] ThE 37)e] 71 el 5ol

L Ao 2 ez ) (Dai et al. 2003). DIMS #2135t 3712] 7]
Wo) A5 SR Tl £ = Rol At LIME Ag3lich
LM 03} a40] HEE PHo 2 k) F7123) 1%
£ ¥ 2 2 East North Up (ENU) 2 Z A E A o3& o], Hr|&

23} A1 g2 9128 Bal 7FER S ALK 4 9k

wl =[Wa1 Waz Was|T=[X, Y, JWTw)wT

Xa1 a2 XA,3]T

W —3
YA, 1 YA,Z YA, 3

)
01714 X9} Y= 27183 71% ENU Al 217t 5%, 22
wrF Ajsoleh, A4 715 o] 8slo] Eq. (6)7} 2] CPCs}
MAC HAHHE 20 AL 25102 A-g7te] S o]
a3y,

"vfffaqa = (d)i — CorrJ) — (d);ef — Corr™®f) (8)

Fig. 5. Data collection setting and skyplot of master station.

Eq. (8)2 A8t S Kol HAHEE 8515 947 X8
S 3 ZHAR AFEAE Sl 2 S ALg51e] least-squares
AMBiguity decorrelation adjustment (LAMBDA)E 3} w]x] A
42 AT 5 244 8] Y22 A4 (Teunissen et al. 1997).

3.2 Hjo|E] =3 &3

HAEHE Y& network RTKQ] &9 AL2 37[19] A&A]
7]&= (GUMC, YONS, GANS)E AHEALE A5l 2415191
t}. 20234 99 259] 18~19 Ao 7|EZE0] RTCM 3.2 Z9
AXZE HlolelE $A5IA dlojEle] 23 thE A, o
T Tk £42 § GPS Ll F3h49] S-S AHESIGlAL,
mask angle2 155 2 AA519ith Fig. 5= dlol8] 47 8745 4
2]gt 713t $143 9] skyplots EAIG 10|, Table 2= 7]t
S FH Y Fr)E3e] 7144 A E gt Zolrt

3.3 24 Zn

ol 4 24 ol Azt Abgat 24219
o QA8 Al 2R ASAR SISl o] 9
X b AHEstel Al AXKSIGT, barch ZRA|AS
sl m12) A48 Abdell 248 2 Eq, (8)4 =420l AAs)
o] Fo} ©x42 ALIBHAT.

BPYN A

resi = V8¢ — AV, d — Iavi N (9)

LAMBDAE &3} m|x] A4 24 A2t gkt dAlshr] €

Al Zhol QXP7} AHE- S K] ko] ARt o]skE ThESfok §F
t}. GPS L1 Fubsao] wha) 2

o] 19 cmo]7] wfjZofl, o e 27}
10 cm o|5}7} Hofok Tt} Fig. 62 AFR-A}S] Zhol 9 12 T A|TH
Jefszolct,

Fig. 6& 53 1% 4 9l50] LE AMgA}e] 7] 9217110
cm ©]5}g WESTE 7k 2Ll AZol A BHFe] SAte
F7)1@2o v RE 9] 714 72) g ojulgict. o] & el vlA] F4

95 Ao = ol 4 YIich Tl o3} B
A o] % Eq. (8)2] 54 A|°]l tl} epoch LAMBDAE g5} 1]%]
o5 ARkt 19 O AE o] oA AL AR
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Table 2. Information of reference stations.

Station Receiver Antenna Baseline from mater station (km)
SUWN (master) ~ TRIMBLENETR9 TRM59800.00 SCIS “)
Testbed PAJU TRIMBLENETR9  TRM59800.00 SCIS 59
INCH TRIMBLENETR9 TRM59800.00 SCIS 36
DOND TRIMBLENETR9 TRM59800.00 SCIS 70
GUMC TRIMBLEALLOY TRM159900.00 SCIS 24
User YONS TRIMBLEALLOY TRM159900.00 SCIS 30
GANS TRIMBLEALLOY TRM159900.00 SCIS 35

Fig. 6. Residual error of each user.

Fig. 7. Ambiguity resolution results of each user.

Fig. 8. Horizontal position error of each user.

batch®2 ZAA = u|z] A 40} v| w5} Th

Fig. 7 3712 412 285101 7} epochell ] w2 A4 44 2
B8 o] Az LAY ALAE nX P4 ARG

4 9l epoch®] Hl&-& ofm]shal, 252 27 A} batch 7]
2] 49} Ax]5}= epoche] H] &S, W7
o] z] 49} A x]5H= 9k epocho] H|- S-S oJu|gict B4 Ax}
BE ARgA] tisia] 2E epochof|A] 1]=] 47} batch 12|

40} A51907] Tl sto] T} 224 ofeint gl
AL BT 4 ik WA vIK] H4F olgslo] AL} $1
g

o o

|4k 23} Fig, 83} 7k,
Fig. 88 AF8Ate] 43 913 @218 EAIR aefmolnd, 7|
T ALG A Y] Tl 13 Wghe A1ETe] 9A1Z A}
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o 8 3 /1237 At go, dele o] Fu 71E
FEE THY V=SS HAEHER ARSI o F AX
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