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ABSTRACT

Autonomous vehicles require precise knowledge of their position, velocity and orientation in all weather and traffic conditions
in any time. And, these information is effectively used for path planning, perception, and control that are key factors for safety
of vehicle driving. For this purpose, a high precision GNSS technology is widely adopted in autonomous vehicles as a core
localization and navigation method. However, due to the lack of infrastructure as well as cost issue regarding GNSS correction
data communication, only a few high precision GNSS technology will be available for future commercial autonomous vehicles.
Recently, a high precision GNSS sensor that is based on a Broadcast-RTK system to dramatically reduce network maintenance
cost by utilizing the existing broadcasting network is released. In this paper, we present the performance test result of the
broadcast-RTK-based commercial high precision GNSS receiver to test the feasibility of the system for autonomous driving
in Korea. Massive measurement campaigns covering of Korea region were performed, and the obtained measurements were
analyzed in terms of ambiguity fixing rate, integer ambiguity loss recovery, time to retry ambiguity fixing, average correction
information update rate as well as accuracy in comparison to other high precision systems.

Keywords: commercial RTK, Network-RTK, PPP-RTK

1. INTRODUCTION o]2 Z¥35}7] 9] Differential GNSS (DGNSS), Real Time
Kinematics (RTK), Precise Point Positioning (PPP)<} 7+-& tloF
AAIsFH A AHE (Global Navigation Satellite System, GNSS) S AW QA H AH|ATF AEEQ o} ZhzE 9]x] ASe
L A A FAo|| AA] L 3h Position, Navigation, and Time (PNT) £ A7k AHIA o] SHof|A] 2YSE SHA|- 0 2 AV PNT &
FEE AlFslrlol thafgt SA/5% 54 okl 4g= a1 9l TARFE ¢33 SFA17]1A] Z5HithJoubert et al. 2020, Neil
(Grejner-Brzezinska & Toth 2013, Kealy et al. 2015), Unmanned et al. 2020). ©]of] PNT A{H]A AMIR}E-& RTK, PPPO] SHAIA &
Aerial Vehicle (UAV), Autonomous Vehicle (AV), Autonomous 7N&Fst Network-RTK (N-RTK)Q} PPP-RTKE- Aot AVe] 7&F
Robotics (AR) 5 o]EA]| Holof &%= Navigation System Sk AH|AE A-85)8 5} 9t} (EGSA 2019, Nord et al. 2021).
(NS)9] AAIZE o]F &9 71&2 ¢ V&S &8st Sk 18 7}A1% Location Based Service (LBS)+&= 43 A7k AH]A o
L} gtk A18-2}-8 GNSS AJH|AQ] Standard Positioning Service o] =9o] 7|& EAIAHE ZE30 o1} International GNSS service
(SPS)E 4 mo] Astrul BAs17]o] AVe] PNT QA (2 (IGS) #]¥ 24, Continuously Operating Reference station
£5 2 05m, AUER 0.3 mE 2E514] Tol= 47} Qi (CORS), Radio Technical Commission for Maritime services
(Hegarty & Chatre 2008, Reid et al. 2019). (RTCM) 3x £41 T2 E TS l|A] 7155 A5 GNSS 4=417],
Network Transport of RTCM data over IP (NTRIP) Y E{]|3 &
Received Jul 05, 2022 Revised Sep 08, 2022 Accepted Oct 12, 2022 Alpa) -8 thoksl olZels Qe shr|of =8 AJAE] QojH|
TCorresponding Author 7} ¥rgsie} (Kim & Bae 2013, 2015, Asari et al. 2017, Son et al.
E-mail: jh.won@inha.ac.ke 2020, Lee & Park 2020, Lee & Oh 2020, Janos & Kuras 2021).
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Table 1. RTK and PPP technologies (Geo++® SSR Brochure 2015).

RTK PPP
Approach Observation state representation (OSR)  State space representation (SSR)
Accuracy cm <dm
Convergence time <5s ~20min
Service area local global
Required bandwidth medium low

e

L XY{& dX, dY, dz (A)

PPP
Fig. 1. PPP and RTK system diagrams.

/2

Ao E3x3t uk 7| XS CORSE &85 48 Broadcast-
RTK (B-RTK) A{H]AE AQFHC) (Lee 2019). o] A& RTK A{H]|
A= MBCO] HFul ol:zg} B-RTK £41 A{H|, B-RTK $A17] &
Z+o] A|55l+= Contents, Platform, Network, Device (CNPD) 3
ef¢] End-to-End EE
B MIES1 851 % GNSS 4171 HI18-& AUSISICH

£ Aol A 4G B-RTK £417]7h Ffell ] 285t 28
2toll G2 == NSO AV PNTE A5 QAR WHEsh=A] 3
55l2} Shet 32 EE 9] 63%7F AR o] 913L9] 94% 7t &=
Aloll AFS B4l F ok oA HISHA 12 B AfH]A9]
5751 @Ato] WAkt Wk AV PNT A “Ji‘é}ﬂ o]
9] Cooperative Intelligent Transport System (C-ITS) Ql==}
7} ghlEl ZF&FE Al WA TFol T g o2 Mol ol
32 k. &, Apbo] AHkE|o] £]A4-42417]7} Line-of-Sight
(LOS)7H 2 A5 Ao TS 57 - 5 A25E 53
AL Euﬂ— YT A Y19 59 458 A
fo] B v} glouy, FkE Y& HAE 7
3k | Qo4 T4 AV PNT 4% 4
A AR AH|AS Es) AH]A o
MBS 4 Feold ARFBAel 8
3 4 9lek o] =R 3 57he) el 2 P4 2
ol Al AE]A &9 J 712 N-RTK 9 PPP-RTK A{H]
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2. RELATED WORK

l>

Al F2 AMEE 2T HAA R AH| A& RTKSE PPP7}
Qlom 7} AH|AL Fig 19] B4l o 2 245t} RTKE CORS

https://doi.org/10.11003/JPNT.2022.11.4.351

Accuracy, Relibility, Availability

Good Wl [MBad
Fig. 2. RTK service area (left), Network RTK service area (right).

HIAE -8 o] Aol 2 QI M= o AT S 7le‘31, o]
Z PPPE 2| & A x|sfof 1= CORS7} L& §lo] RTK Ty
58 2|0l A AH]| A7} 7155} (Ceylan et al. 2006, Alkan et
al. 2016). L&} PPP= CORS7} 4831 Hlo]o] A A o] 745}
A& TA oFoF RTK thiH] AH|A gof § g 2713} A7
o] a5l (Wabbena et al. 2005). stof Z+ A A 0] Ak .o

Table 19} o] A elg 4 QLI AHlA ASAEL AT Al
9l 7} 7148 Bedth
SHA 7t 7140 TAK (& AulANE, oH A7

o & Ql&l| AV PNT Q7ARES 8] 5317 ofl$, o1& A
A%} N-RTK2} PPP-RTKZ} A|QH=] it} M| 2 RTKS A
3} N-RTK:= Fig, 29} 7+o] local R| o] B3} t}h40] CORSE
VESE 23] CORSE 448 GNSS ¥H43} 2448 2
.& HZ—]Z«] I:IE }\HE En:-ﬂalgl_oq HH]/\ I:I]-7:] (o) _Q;]'—X]"‘]_“E HOI-/L}O
t} (Stephenson et al. 2012, Song et al. 2013). N-RTK+= B A &
o] rel=g] HiAlof| wla} Virtual Reference Station (VRS), Flichen
Korrektur Parameter (FKP), Master Auxiliary Concept (MAC)ZE
4#4\:4 MAC 4] R4S dloelako] B o tjolZg
T5h= @ o] Q1o (Wuebbena et al. 2005, Lee 2014) o] =&
Wh VRS@} FKPe| tsto] 82 Al&stalzt et
VRS HM1.S Fig 3(left)x] 3 rovere} A7} ofvlsk 418 A
Hoto] YR EA S 43Tt YR BAL roverp AHof] &
H GNSS = AHE A4s1H A= rover 917 CORSE 374
ol A5t rover QI Aol 7MY 71EH S eI 7MY 7]
7 7]hte] RAM K E 45t} (Hu et al. 2003).

Y, FKP A2 Fig. 3(right)x} o] Aw7p gHlgko g B
AP EE A5} A CORSOA FKP B R HH OIE}
Eoe A% BAH A4 dloleHo] A3} slal HAH FR
£ B3ttt rovere HolEHo]Aof &3] Q1395 CORS«]
FKP B A& thgitol 91X BY2¢)& 33t} (Gokdas &
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Fig. 3. Concept of the VRS (left) and FKP (right).
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Fig. 4. Operation of PPP (left) and PPP-RTK (right).
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Fig. 5. Broadcast-RTK concept (left), common characteristics between data broadcasting and GNSS correction

data (right) (Park et al. 2021, Shin et al. 2021).

Ozltidemir 2020).

w2ha] BPAS AR VRSE= N-RTK A{H|, FKP+= rover 4=
27104 3t o] 2lo] 2 QIS VRS % A1H &7Fo =}
B AHEAE AT Y FAL ol Aol AT vh, FKP= A1
Hohe Aok 9% B HE=rt VRS thH] Wil 417171 B
BRE Ailo] 7Med HEE S| a/dsololof gt (Jin et
al. 2015).

=z 2 PPP-RTKE Fig. 49} 7Ho] RTK|| AF&5&= CORS
& 283l PPPY] 71 £ AIZHE 7]44%5E A{H| Ao|t} PPP-RTK
o CORS Wo] $+45He A2l %, ol A MgAuE
2} 2R AL olF Bl WY BE 03}
P5h= PPP tiH] PPP-RTKE WHE AT A
t}. PPP-RTK & 34 12 oW <] =3 A7kt CORS 7]
200 km A E.2] AJH|A He-S ZFH=r} (Teunissen et al. 2010).

N-RTK, PPP-RTK AH|AE dUfjollA= FEX] 2P B Y]
B3 ¢ gol7lo] Lut ALY e YEYT AR} A

X

d
o = |
o

me f BN ol
o
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n

< il
s
N e ot

SIA ereth SR, FASAE AT U s
HlA ol o) Bxigto R Avel M gsiir] of
slo] WIZk |2 A1) MBCE W49e B4
I XA H AH]AQl B-RTK AH|AE A¢Fst} (Lee 2019).
B-RTK% Single-based RTK (S-RTK) AjH]A°] =0 2 (Lee
2014), Fig. 5(left)@} 7ro] Hp4uhe. 235k} 3712] H4m} (NTRIP,
DMB, Advanced Television Systems Committee, ATSC 3.0)2 A
& B-RTK AH1E S5) 541 tfoj =g agslo] B4l HalE 7
7HA171 AH] 20]TE. o] Fig, S(right)2} Zo] CORS7F A1 E5H=
GNSS BAH R} S Eol AEHE HolEle) 547 &
Absb7] oizolch $19t fAFGE AJH]AE Namie et al. (2008)¢]
Fig. 63} Zro] 573 Aol AEH o2 A &sl8ly, MBCE &
AA o] 28 AHE 7]Hko 2 Fujo] Al AS H a3t (Park
et al. 2019). B-RTKZ 23}3t 14 2|24 K AJH| A Table 2
o} o] FEe 4~ QliL, B-RTKE Ef YIXHE AfH]A o] o
theFel data A 54-E FEshlol o ot Ao oFY
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Table 2. Comparison of common representation techniques.

N-RTK
RTK PPP PPP-RTK B-RTK
VRS FKP
Broadcast possible [0} (¢} X (e} (0} (0}
Accuracy ~cm <dm ~cm ~cm <cm ~cm
Time required <5s ~20min <5s <5s <5s~1min <5s
Service area Local Global Regional Regional Global Regional
Required bandwidth medium low medium medium Low- medium medium
Data transmission method NTRIP, Radio NTRIP NTRIP, Telephone ~ NTRIP, Telephone NTRIP NTRIP, DMB, ATSC 3.0

rGPS
Mntenna

osifioning
H(Lculoﬁon
| 0\?/ _“ASCRec
IGPS ReclPd w

RTCM+ (FKP)}

Reference Stations
111 \ USER|

Fig. 6. Experimental diagram of the network-based RTK-GPS positioning
system using area correction parameter (FKP) via the TV-ASC (Namie et al.
2008).
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3.1 Ambiguity Fixing Rate

18 AAEE AuIAE A o]8517] $I5ke] CORS
o} rover A7) 7ko] FAl ZRA|ATL ALSHA| Y| ojof T
t}. o] 2I3h FAl LEAAE F5to] mA A 4 (integer ambiguity)
9] o] o]Foix|aL, o] ¢ Aol & Y fAXH
H AJH| A #AJ38] A]J-olct Ambiguity Fixing Rate (AFR)& 3
YAIF 7F 5 RTK-GPS AH| A7} /3 vlgof| sig?lct.
T2EE o]z AH|AL MY LS Hrlsh=t] AHEE 4 3len,

A ()7} 2},

N::
AFR = —L% % 100(%) (1)
Ntota.l

A7 Ny FAI 721l Tk 2A] epocho] o], Ny =
o] % mlx| 4 4-2] AAo] o] 2014l epoche] Solck.
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Urban
Building

Fig. 7. Various driving environments that affect RTK service stability - GNSS
signal blocking area (left), GNSS and RTK weak signal reception area (right).

3.2 Integer Ambiguity Loss Recovery

249 GNSS 9] B4 AJH| AL GNSS £¢jolLt GNSS &
PR 24 Gl R glste] AulA Py 9 ZHgAdo] FleE
t}. Integer Ambiguity Loss Recovery (IALR)S RTK 4417]7}
N 2845 FAT Sl sigeitt. FPAIE ZFoflA GNSS
&gol] olto] MR n1X| M4 FAL 7k RTK-GPS AJH] 20}
S5 B 2Ql0] ojsle] FEOR WA, GNSS K
AR 540 ool I3 ulxH 4 §4E RTK CORS 413
43'50] w2} Aol hAFheY. wbA] IALRS 7 RTK-GPS A
Hl20] 4 QP9 WK BE BeET

3.3 Time to Retry Ambiguity Fixing

AV= Fig. 7(left)2] tunnel ¥ underground road®} Z-& GNSS
Alsapet )93, Fig. 7(right) urban building© 2 <13+ GNSS 4
RTK BEAHE & 441 Gt 22 oeFst 3827 os
RTK-GPS AjHl2o] 14 shg4o] lesln] H4 kel 7l
& Ar L Fig. 7(left)e] 73-¢ GPS Quality Indicatoro] fix not
available2 2% ] 17, Fig. 7(right)2] 73-¢ Differential GPS fix &
£ RTK floating ambiguity solution® && Ft}, 0]% GNSS 4~
A7) BleE A4 QP el B B nl R o) AR S 98
M| AE F18Ysc} &9 BopollAle §] 3ol thsh B &
2 Time-To-First-Fix (TTFF)7} QJom, sl 23] A% A=
2 241719) @A 914 A= D AlZH Y B el wet Cold, Warm,
Hot Starte] 3712 =g £FFHCh F3P520 AV GNSS =41
7l O wet H& Aol HieEHe BTt thEn,
3)& Aol w2 Warm Start T+ Hot Start T2 A A7} X138Y
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Table 3. NGII N-RTK Service information.

VRS FKP PPP-RTK
Access point Vrs.ngii.go.kr:2101  Fkp.ngii.go.kr:2201 -.-.--12101
Mount point VRS-RTCM31 FKP_V31 SSRVRS_V32
Service satellites GPS/GLONASS GPS/GLONASS  GPS/GLONASS/Galileo
Concurrent connected user (CCU) 1225 Unlimited -

Table4. GNSS receiver and calibration information receiver specifications.

MBCMBD-1000T MBC MRP-2000 Trimble BD982 Ublox ZED-F9P
Receiver type - GPS/GLONASS/  GPS/GLONASS/Galileo/ GPS/GLONASS/Galileo/
Galileo/BeiDou BeiDou/SBAS/QZSS BeiDou/QZSS
Update rate - up to 20 Hz up to 50 Hz up to 20 Hz
RTK fix time - 10~60 sec <1min <10sec
RTK protocol RTCM 3.2 RTCM 3x RTCM 3.1 RTCM 3.3
Output protocol RTCM 3.2 NMEA NMEA, GSOF NMEA, UBX
Power 5V/1A 5V/2A 3.3V (+5% ~ -3%) 2.7~36V
12V/05A /21~23W /68mA @3V
Mcheorwon-/ s

Yeonchéon  “xjg)
ksl -

3.5 Evaluation System Configuration

RTK-GPS AH| AW A5 H7IE $15k9] Fig. 83F o] A=t
02 MASI, F 4733 kmo|
AA FYAP S Ao, o] & s Ho2 mr|gict v
EA0 AFSE = A8 2 T35 RTK-GPS AH| A& HIZRAFY AL
MBC2] B-RTK®} Table 30]|A] E7|3F ZEX|2]A HYofA] A
5l AU AQ VRS, FKP, PPP-RTKo]™, o] = PPP-RTK ]
mount point= SSR2VRS_V320]|t} "SSR A{H| A A3 AF &
=3 sljd Mount Point2 PPP-RTKE A{H|AG}7]o]]| AH]A H&
PPP-RTKZ Z7]5}It} (Park et al. 2020).
Z} Au] A0] FPAof| ARREE RTK-GPS £417]+& F 4352

CHE

Hampyecng,
2 cggngyanq
Sinan_
AR

Jindo
RS

Fig.8. Area for performing stationary and moving positioning. 2 MBC B-RTK %18 417] 233 247} GNSS 42417] (Ublox

ZED-F9P)e} 217} GNSS £:417] (Trimble BD982)o|m, z} 4241

Table 5. GNSS antenna specifications. 7]19] K= Table 4¢f 2|3}t Ublox ZED-FOP2} Trimble

Novatel GNSS-502 BD982= M= 9| LTE 2B S ¢1Z5te] NTRIP AfHo] &3

\ Signalreceived ~ GPSLI/L2 © 24 B-RTKZ #|<]3F VRS, FKP, PPP-RTK A{H|AZ o] &

e D o, UTh o5& UEoRL B-RIKS 0|43 4 §leng MBC

LNA gain (dB) 29 B-RTK 1§ $417]2ke] A%} &2 thAlE F5ko] B-RTK AfH]

BN N A% o] 8tk MBD-1000TE RTK RAA RS $41517] $i5t

/ 2 Weight (kg) 0.45 421712, Trimble BD9829} Z3}tslo] B-RTK HAYHE 441

Connector TNC 5}k Trimble BD982¢] B-RTK ©o]-&-& 7}57)| 3k}, v, MRP-

20002 Ublox ZED-F9PZ 7]8F0 @ B-RTK AJH] A4 7]%0]

Hed ol FEEE £/ olH Y FHAIF oA T F7gl GNSS $=417]0] B2 MRP-20002] A|E ZA3H= Ublox

A5t TTFF 7]18-& 33 5§ B+& 4H&, o] Time to Retry ZED-F9P9] B-RTK ©|-& Zutg AME-Fch FAIRdof A&

Ambiguity Fixing (TTRAF)& & ¢l5}9ict. GNSS ¢HUH= Novatel GNSS-5022 sl QL ¥ = Table

50 2]kl

3.4 Average Correction Information Update Rate Figs. 99} 10 zFz} o] 22 9] A|& LA ARl a} A AE] AT

o]t}t. 17] 2] Novatel GNSS-5027} 4 Port SplitterS £35}o] zkz}

Y AXYE MBI AL G2 40 CORS F4l AH = 9] Ublox 441719} A7tk ¥, Trimble BD982 44171+ &

RTK =417|2 GNSS BHAARE FU|H o2 A4t o] g oL} REE A YstE 2 27]9] Novatel GNSS-5027} Z+z¢

gt S F717 whE4E QP E AB|AT7} 7h5Sleh Average 4 Port SplitterE g5}o] At} wheba] & LTE HEH I

Correction Information Update Rate (ACIU)&= FYAE A5 9] 73-2-0f t5lod GNSS A1 5of FYUSHA 6 dB &4 o] Hhaysict.

QF RTK 441717} A1 R 1 41 719} correction age T35}, Z+7ko] Ublox 2 Trimble 42417]& £3 RTK AJH|AE 11
are gt Wl Qo2 A gstEs AYEI,

http://www.ipnt.or.kr
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Fig. 9. Test road — mobile positioning system antenna setup.

(ep)ure ant
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loss

LTE ANT

(Xp)

Ublox ZED-F9P
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MBC B'RTK ()T ant
» Trimble BD982 |<—-I MBD-1000T

) ) 4 Port JEmble I
< Splitter

Novatel GNSS 6dB Radio Trimble BD982 LTE ANT
502 ANT F";:gue"(y _.| VRS-RTK ((!,X(!))

RN . rort Trimble BD982

< ) Splitter EKP-RTK

Novatel GNSS- 6dB Radio

SR rediency Trimble BD982
PPP-RTK

Fig. 10. Test road — mobile system.

4. COMMERCIAL RTK-GPS SERVICE TEST
RESULTS

4.1 Urban Driving Test Result
o155 5Bk A AAAR Fig. 13}k o] A2 €
AT o] AL 57 Askd o] mApska 7
 oMlEre] Sol $1X3 EA 1EUY VYA P =
BYAAOR, B4 W AV PNT 45 HlmEA317] ol
Aejolck, FYAFE ST 7742 28] HHEslo] TR ow,
¥ ZA3H= Table 6311 Zth AP A A o] RTK-GPS B35} A=
LpeRH 2] E91 AFR-S MBC BRTK, VRS, FKP, PPP-RTK 4
O 7 22 A& HGlom, ol Fig 12004 AFR ARE IAR
service stability S A|ZV& o 2 E 7|51t} o], service stability
9] badel 4] good7tx] 9] 7= AFR Z| 39| Al4tol] Z8-3F GPS
quality indicator A B E 7]Hto 2 St} IALRY} TTRAF 2o
A% MBC BRTK7} VRS tH]5}0] Aso] o =t}
FPA A RTK-GPS AH|A ¥ 59 &= H7H= VRS
AH) 2 ATE 712 Zro.w AAsto] Ef RTK-GPS AJH|A o]
Al FEs 2 P4 HrHE $18l Mean deviation (MD)

2=
==

Do

o mn > ook > 12 9
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i)

Fig. 11. Seoul Teheran road driving test driving trajectory.

Table 6. Mobile positioning test results in Teheran-ro, Seoul.

MBCBRTK VRS FKP PPP-RTK

AFR (%) 9438 8458 4645 1935
TALR (count) 28 71 74 27
TTRAF (sec) 2700 3090 12243 23583
ACIU (sec) 1.003 1.016 1.007  1.002

Table 7. Mobile positioning test results in Teheran-ro, Seoul - MD.

MBCBRTK FKP PPP-RTK
AN (m) 0.0015 0.0201 -0.1427

;gg;bzle AE(m)  -0.0323  -0.0099 -0.0172

AEILh(m) 00867 -0.0012 0.4431

AN(m)  -00002 00798 03248

Ublox AE(m)  -0.0196 -0.0691 0.4528
ZED-F9p

AEILh(m) 00172  -0.3611 -0.4595

Table 8. Mobile positioning test results in Teheran-ro, Seoul - SD.

MBCBRTK FKP  PPP-RTK
AN (m) 0.1660 0.2020  0.2829

;g;;bzle AE(m) 01954  0.1821 0.3530
AEILh(m) 02550 03465  0.6386

Ublox AN(m) 00912 02198 0.4457
JEope, OE(M) 01242 02295 03820
P AEILh(m) 0561 05829 0.7105

9} Standard deviation (SD)E #4351 owni, 71 ZH3}= Tables 7, 8
i} ek VRS AH|A L] A FA 5] AZNA 7HY £2 52
FEE d5S W10l VRS Au|A Ao} 7P GARE AIRX S
U= RTK-GPS AjH]A L 2H5] AV PNT A58 223 Aoz
ioheit) ZolA] 8keldl & ¢) 50| MBC B'RTK, FKP, PPP-RTK
£=0 2 VRS&}o] Al @ x}7} ket

4.2 National Driving Test Result
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Fig. 12. Mobile positioning test results in Teheran-ro, Seoul - AFR.
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Table 9. Mobile positioning test results in Korea.

MBCBRTK VRS FKP  PPP-RTK

AFR (%) 8443 8100 7751  38.76
IALR (count) 1246 2248 1584 1290
TTRAF (sec) 3887 4550 7479 12245
ACIU (sec) 1076 1108 1110  1.151

Table 10. Mobile positioning test results in Korea - MD.

MBCBRTK FKP  PPP-RIK

Trimble  AN(m) 00102 -0.0027  -0.0489
Bhogs  AE(m)  -00145 00015 -0.0115
AELh(m) 00056  -0.0047  0.0242

Ublox AN(m)  -00022 00275 -0.0261

AE(m)  -00257 -0.0161 -0.0421
ZED-ED fpih(m) 00520 00453  0.0365

Table 11. Mobile positioning test results in Korea - SD.

MBCBRTK FKP PPP-RTK
AN (m) 0.1026 0.0445 0.2489

;g;ge AE (m) 01660  0.0532 0.2392
AEILh(m) 02036 00893 0.4521
AN (m) 0.1054 02024 0.3019

Ublox
JEDpgn  AE(m) 0.1445 01983 0.3078
P AELh(m) 01720 03766 0.5640

o} 7tk MA|E7ES] AFR AJ%5-S MBC BRTK, VRS, FKP, PPP-
RTK 0.2 £9}onj MBC BRTK7} VRSEC} ¢F 3% H & o &
& Aol A QFg A1 RTK-GPS A 5-& BoiFat glek A=t
Zboll Tk AFR | 3= Fig. 13 $5}e] A[ZH 0 2 2ol
c}. =3} IALR 4] 2 & MBC BRTKZ} n] A% 4 A1 314
% Aol MulA A Wl ME S48 B5S Holx

TTRAFS} ACIU Aol 4] MBC BRTK: w2 7

O
o 39 3 >
oo

N

I

=

i1l

o o

[e)
T

Service Stability

PPP-RTK sl

442 tha] Asle] AL RTK-GPS Au]A Al 2 A¢1sla
B RO 24157 % 71 w2 7o) BRTKS] A5o] e RTK-

A1 Tables 103} 11o]] L E]o] Qlet. Aabe o2 4183} npxd
7}2 & MD 2 SD £uo]| 4] MBC B'RTK, FKP, PPP-RTK &0 &
VRSS} At @ 27} 2He 3he 7Tk weka MBC BRTK7} o
£ RTK AH]ARTHEL 452 717tk k),

5. CONCLUSIONS

22| A 2ol A AJH| A= 33 RTP-GPSQ! VRS, FKP, PPP-
RTKZ} AV PNT Ad5& S5oh=A1E Bkt B7ks A=
U 9 &3 2A A tigt o5 S AR, 47H4] H7HA]
25 AHsto] vl FAFCE B Ao SR 9 o]F £9
Y Aol Al MBC B-RTKE VRS thH] 3~6% T =& Ambiguity
fixing rates HoyF¢loni o]= MBC B-RTK AJH|A AFIZ}7}H
WEYE Z8sl HESA CapacityS 2Hjeh 48 CORS AH|
7} 55 CORS A tid] o] 53t Au|AE AlFehs vehd
t}. =3 MBC B-RTK®] DMB 59| 7R W FL A=
90% o]/Fo]7]ol EAARIA el A BF RTK AJH]A thH] AfH]A
Fqo] F&T Fxlo] vt (MBC 2019). TTRA E3F VRS tH]
3~7% ©f w2A] u| X5 1% sto] HAV NSE AAlsh=tl] &
T== Return time /45 % O Hold B5UHE Boj&ch &9
Asle AJ=2 VRS RTKE Reference® A1A5}o] E} RTK AJH]
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