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ABSTRACT

The main limiting factors of Precise Point Positioning(PPP) accuracy are errors in broadcast satellite orbits, clock errors, and the others,
which are receiver-dependent errors(ionospheric, tropospheric refraction, multipath, and tides, etc.). Therefore, to facilitate high
precision PPP, precise orbits/clocks corrections, the receiver-dependent errors corrections have to apply to multi frequency GNSS
measurements for an ionosphere free combination and integer ambiguity resolution in real-time. Currently, there are many Analysis
Centers, which offer the precise corrections stream computed in real-time using the global or regional GNSS tracking network. The
goles of this research considered performances of the real-time static PPP with using RTCM corrections from NTRIP casters. For this,
the corrections streams of Analysis Centers received via NTRIP does apply to GNSS data of check points individually, as well as jointly,
in accordance with various session lengths. After that, have compared the PPP results from the corrections streams with each other,
and with Standard Point Positioning(SPP) results.

Key words : PPP, Integer ambiguity, The precise corrections streams, RTCM, NTRIP

o}

=

@%%%%%(PPP)PJ Aoz FFE FE FAUTE IAEHY HE, JGAALLA} BEAF B 4 LA HEYE E dVIF A
41, multipath, tides %5) ¥ o] 53} B3 F A0 a4 FA] oot wlghd AUGEE9 o] A2 ta|7]7] sir s o Fulrg

GNSS #3250 s SAAT 9 Al RAA R} A3Atel] T4 BAARE 2 8ot MR A & ReA5E AR sjs)of g

o} @A, 219 2 Fe] A7 GNSS #&o 2 HE A BAA R E A3k o] A AE7} v £ o7 Ao = 3 GNSS #5+%

o] eI EZRE 2HEE RTCM B EE NTRIPO. 2 418te] ARk 2 ZAAR o 71 9 23 243k BEd53$)(SPP) € tf

&t AR ] A g Wt AU THES9) o] HE g ARFE R v a-24ete] GNSS$ e o &k A A& o] Aees A EsISich

2] - AU TEZ9] m s A HAAR RTCM, NTRIP

hu]

- R S

AU H=Z2)(PPP ; Precise Point Positioning) 21 Anderle (1976)2] Doppler $]4 #2259} AUAI=HS A3 Doppler
S9N 2 =YEISICE AL ol Hust BAARE A8l whitol] Bofiith AR PAISHRE S8k BEUESY
(SPP ; Simple-, Single-, or Standard-Point Positioning)2}= E&] PPP= A3l 4] Alxs] ARl A A1 HAAR, 7%
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19977 oll= V= 7Fs3t 9144 s 3 914 Al=Ee] =
R5 A0 &4 (Ambiguity Resolution)S 9J3F QA 7F B4
SOR U 259} V1S ARSRE ARSI 419 84 PPP
7100t} 53, PPP s4o] 7Fsdh 37 |ag Lz EY ol
7RatE] 3= JPL(Jet Propulsion Laboratory)<] JIPSY-OASIS
II(GOATII), Beneth&}nl HE--A(AIUB)oI|A] 713+ Bernese
GPS, SIO(Scripps Institution of Oceanography)2] GAMIT/
GLOBK 59| t#&o]c}. w3k 7t} NRCane] CSRS-PPP,
New Brunswick th&}2] GAPS, JPL2] APPS, GMV2] magicGNSS,
SOPAC(Scripps Orbit and Permanent Array Center)2] SCOUT
5o} e 2R PPP s A k=) T AR
o el oJe 3 L B 29 e AT

GPS2} GLONASS $]43¢] &g}, GALILEO ¥ COMPASS
917d9] ok, PPP A darefze] & 5ol wet dui59]¢]
A P BT A7t ol S8EeiA s e
Itk Zhang et al 2006y PPP 71&2 Wsle] -fw) ek A8
L SA] Aol PPP 71e] B84 958 v Slek 2007th
ZHIA % PPPajAe T GPS $iAdnke & awglA|nh
GLONASS $1/de] AAm=alat $grAle] BAgho] AH|=s
HA GNSS 914452 3ol 2%k PPP 3j4go] A4+ Uk
3k, Cao(2010)= Galileo2] A18$1/4391 GIOVES} GPSe] %5+
PPP A5 wispshi} Qltk FHelli= 2 A GNSS A S
S 2%498= FHAE(AC ; Analysis Center)ol|] 2F=3F BAA
H(correction streams)E NTRIP(Networked Transport of RTCM
via Internet Protocol)®2]0. 2 53l 2R AdA S22
Aok S 93 -9} BKG(Bundesamt fiir Kartographie
und Geodisie)2] BNC(BKG Ntrip Client, http://igs.bkg.bund.
de/root_fip//NTRIP/software) = RTKLib (http://gpspp.sakura.
nejp) 53} 2L $-§ gl FIATI} B FAsn
Itk PPPE vil$- Aldsiar 8o we} 38291 29 7)o,
Ao HolM Hdut A5 AARE R A= <18l
SASE 7o S8Eokle B8R FkaL AT o) 9%
A 77 YL Qlek PPPE] S91g e GRks T+
Fanres 9 Aese] APy, e 9 B3 84
o T&% a9 o] #HgE oo 4 A Solth
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ZKSSR ; State Space Representation) EUE|&%} e Ay
BAZke] 2ARE #o] Fasic) 1GS(International GNSS Service)
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oAtk B9k, 7Rt Zhele] GNSS AlREEE il
S Tl S AIE M= 79 RS e Aliter
(RTCM)© = w3k5}1e] NTRIPS = AAJZF A5}
ARSI g vle- vk SASAA

F207] 1 jbs AR8-8h= PPPO] 4= AREHES ARE
glon 9ol A= % AP g AR SloliE HefE A
o GYS BASEA REPre AL =0T 5 JES L
AFZ3N L, ; ionospheric-free combination)g dalg|Eol] e
Shal Atk 153 718 ARSE 9= =] 7o) Jadh
152 of] o35tz K(Le, 2004; Chen et al., 2005; Choy et al.,
2008)S0) 23 tiekek sHo] W} ik E3k Gaber et
al.(2002)7} Trimble RTX(2011)ox= 914 - 9143 7 Tid=ja]
(SD ; Single Differenceys -8-3lo] PPPE I3+ Re A4 al4d&
Yk v} lok 53], e AARE siAls wRshy PPPe]
SYHI=E P A F JE FHSIEAATE AR
A3 A9 dego g kEs 4 e wWhHo] CNES(Center
National d'Etudes Spatiales, France)e] Laurichesse et al.(2008;
2009; 2010; 2011; 2012), Juan et al.(2012), Collins et al.(2008)
2 Geng et al.(2008)9] o3 G =)

B Ao B4 A Aol 2335 GNSS A AlEE =7
A AUEES9E AR S = F3l Falste] A
zho 2 ZAbEel B 0 2 283K 7k S PPPS} SPPe)
AR 29 AEE FRAO R HlaRAste] GNSS
Sl ol AARE A AREEsle) BHEE ndstas
Sk

2. J|=0[= % o1

GNSS Zgate] AR R4 sAde Al Sepiololx vis-
=83 FAlolck 53], PPPoME o5 AR ls 74 &
glom g AP JFS AL A9t RegE Ao s
oAl itk 2 5o, A == 39 GNSS M HSTE
83 -3 8oA] vIxREEg lol] o3t e A7) Hok
of telgh ko] oItk 5 $PalEe] F= P ARE x5}
o] 7VIEAT AHS 1Y glo)w vxREE2)(zero-difference) o]
ofsf) Bsg5e] ArRE AAe] 7153l F9ick CNESS] Laurichesse
et al(2008)2 H] 2HE R HS &85t E(Enhanced)-PPP
29718 /EEdAA Qa1 QlTk E-PPPL] S)A1e Pl
oish A5 2 g 250 REATE AARE Xelshe Ant JEY
o vk Zt FERS F3) A B gl gk 1A



A FHe} PIAIEES AIEste] REATE Astal AARY
PPP 2915 =33l Hrk Egs. (1)~(3)2 S48 Fa71e] 5=
5 shagol ok opbAe] AT 2471t 1o $14 Tk
T/d8te] E-PPPO] 3| 4o]&& Ak Zeltt o7, p, e
ionosphere free 718FAEIS} 35, f, fo,= GPS 91439 L, L,
s FukE T T g B A2 A, dtf, dt'= 4071
Al 2 IAA BT b, b $1/341E () el disk =4171(r)
9 914s)2] bias, Ay, Ny 27 At 9ade] magdolcy

Py= p+ T+ I+cldt” —dt") +0), — b, + e, (1)
Py= p+ THal+cldt —dt)+ by, =03, + €,y

MN(By+ M) = p+ T— Fcldt” —dt')+ b, —by + e,
M@y + Ny) = p+ T— I+ cldt —dt)+b;, — by + ¢,

Y= (f1/f2)27 A= C’/f17 Ay = C/fQ

HIZRE 2] o3t Rsg4ee] As}s flelx= Eq. (2), Eq.
Q) 2o F 7 2Fe] AFZIHMWWL ; Melboune-Wiibbena
Wide Lane Lc & NL ; Narrow Lane lonosphere-free Lc)3754]
< T38lokgit) GNSS MBS AFaE E8dte] MWWLE
A2e st N, E A 5, A JEEE B3 NL
Tonosphere-free WA 2GIA N, B A4 91 AAIRAGH(integer
phase clocks)’& AR &, #417]9] F g AAgh

MWWL Le : f(Z,— Ly, P P) = — N, +p,— i° (2)
NL Ionosphere-free Lc
P.= pt Tt c|dty, — dt, ) €))
Q.= LA\, N, = p+ Ttc(dty —dt; )= AN,

A7, ., e ZE2E 2A17] 13} 914 so] Wide Lane bias
o]tk

2009'35E] CNES/CLS IGSaiA A ellxl= 2 Aol #aEgh
oF 50o72] GNSS A iS4 AmE 237 o] 29| ulz} sjAiskaL
AT 25494 SA(TAR ; Integer Ambiguity Resolution)S
SN HAFE(N,, N B A 3 AARAR)S NTRIPE
B3] AT gtk AFgAR= CNESo|4] NTRIPS.Z AA7F
AH|Eshs BAHEE TR 314 S(of, BNC, RTKLib “5)°ll
Zgsto] PPPol| 83 4= Slrk BNC £ =7} U= ths Aje]
SIATHERI A5 2 20 AP GNSS A AJeis APt
5l & A1&3F RTCM&2]9] OSR(Observation space Representation)

o

)

9l SSR BEAZ(HH3)S a5, wigk E RyEshy Jpd 9
Kalman Filtering® & =3} 2-8-51e] 2A7F PPP =9 7|52
Fgitt 2 ATexeE e =] Tlekst B E(o]s)
“HARFE ) 2 MRS $5%E NiripE viZiE BNC £
A AARY pAlekaL A AElskink £ Aol o e R
4, =diell= PPPE- BAggke] AeAlt gle VAR SeluetE
Z3e A AFE UPde 2 ASES 295HHA GNSS 949
PPP& BAAHE NTRIPE 33)| AH|zsh= s E AIggh
<, PPPY] S9193=E HES 4 s ] € F9jo] TS
71 (el AR elel Yy sk ZF FARe digk A
7t SPPe} 3|AAlE o] BAGHE &85t PPPE S3)3sit). 53,
PPPolX= 2} sS4 E 6 BAPRE AR 71
9 29t A8gt AR aAVIHE 7IEe 2 AR SPPo|
ofgh 2, 7t sAIE BAgRe] A8 wihale) ok PPP 2
I ko] AASS] BE=E THH R vl sk GNSS9)
ol ogk HARE AUiE9le] HEEE st

3. #5 R IEX

TUle] FARE Q3 ZAESA(INCH 5 $1471E3 AP
X=-3,030,123.316m, Y=4,067,231.024m, Z=3,854,557.431m,
ITRF2000, Epoch : 2002-01-01 AFY), =¢]= NTRIPE E3f
PPPE AR S AlF-dh= sfAME ] thiyto] @A, frol
HEElo] $8 F}lo g 2k~ CNES2] GRAS(-4581690.7960m,
Y=556114.9883m, Z=4389360.8851m, ITRF08, Epoch :
2012-11-17 A) BS54E AAATE 2 AlE] 9} BAHE=
Seyelel 7k 243 =F Wuhane] CLK16, & CNESe]
CLK9I ¥ CLK9B, £%2] IGS03< 443kr) 34, CLK16&
GPS<] BA7kat Al3sl CNES9] CLKIBE 2ARE B5A)49]
sfj4do] 7}a3F BAAYE(IAR ; Integer Ambiguity Resolution)S
RTCM MTI1059% 247123} gtk £3], CNESe] 2A7¢
5ol SelveEl 9EEA0) 2RIk ARl sk
2Rke 2 skt 7 79 HuiSednel a1de) ke H
HAKN, E, U)ye #3524 S0 35 W3 #357(Topocentric
Coordinates System)Z A2F}SIT]

Table 1 ¥ Fig. 1> Z}7} & ol A8k AR 27049}
BAAE 47040 BAAE A2, S8 4] F5, HAggke]
RTCM HAIA] 2, &g, 28 23], 7K1 AE] )8
T A SAfEEE vERATE ZF s AR X AR AR
42 AEle] AR S329) GNSS AAHESES 83l
Ark 53], AR #5 5 ARAF AFHE, siAE 2 AAR
FGAE 7He] Sl SAREEARR] Aok T TR QIEfF|o) =~
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Table 1. Attributes of the four Correction Streams, and the Two Check Points

Mount Point GNSS RTCM MT Network SW I\(‘Z“CO)“
GPS RTCM 3.0 ) KOR
INCH GLO 1004,1005,1007 NGII Trimble GPSNet (NGII)
GPS RTCM 3.0 i FRA
GRAS GLO 1004,1012 IGS Trimble NetR5- (CNES)
RTCM 3.0 PANDA CHN
CLKI16 GPS 1059,1060 WUHAN BNS (WUHAN)
GPS RTCM 3.0 PPP-Wizard FRA
CLKII GLO 1059,1060,1065,1066 CNES BNS (CNES)
GPS RTCM 3.14I1AR PPP-Wizard FRA
CLK9B GLO 1059,1060,1065,1066 CNES BNS (CNES)
GPS RTCM 3.0 1GS KF-Combination
1GS03 GLO 1057,1058,1059,1063 Combination BNC DEU
Table 2= SPP 2 |21 AE]e] HARE Ax A6 /i 24
] 2 x3 H43 PPP & #HSARIE Aes Aojth
1 1GS03
iEy < 4. Hidl 24
INCH
E ’ \ CLK16 Z} ZAAP(INCH, GRAS)E = SPP 570 4142} 4%(CLKIS,
2] gII:Kg1 - CLK91, CLK9B, 1GS03)¢] 7f¥ HAAR L R o] %3}
K9B ]
(CLK16+CLK9B+IGS03)l| <]+ PPP 507} A4, % 557) 414
o] duiESzel TR FEAdE WS Epoch 12wt}
P22 2300) 3% Wk AWARN, E, U)0.2 A&}l u]m-2a]

T T T T
0 20 40 &0 a0 100 120

Fig. 1. Distribution of Stations Are Chosen as Streams Mount-
Point, and Check Points (‘Box’)
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, 3 Aol 2217k] B(epoch 129E 17 Ao

F AR sl SlAEle) AR W 22t 107) A
] QAR E R34 o= 57 A4 SPPE 4383 &
A8 57 Azise] 2914w wlae] Beaick
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%

i
N

jud
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silek 53], A 8 ARl wie 2REdEe] Bk RS et
7] Y&l 2+ RS TS ARFHRAREDTEE, 1083747 308
x3IHE RS AR 8 FHE AR A} ek AARE
Z%10] -8 GNSS $AtiF(Ns)e] W55 TASkaL AARE
AR B3 diSle] Aehes aFselth

A

4.1 INCH ZAREo| Hj=9
Fig. 2% S1AB2A(NCH)e] SPP 57] A4e] that ARkeps
AFAAN, E, U)e] F} 9] 288 BT S1ckre] 0%

Table 2. All Sessions Time Intervals for Data Sampling at INCH, and GRAS (in April 2013)

Streams INCH(Day of Year) GRAS(Day of Year)
CLK16 17(DOY107)~20(DOY110) 19(DOY109)~20(DOY110)
CLK9I 21(DOY111)~22(DOY112) 20(DOY110)~21(DOY111)
CLK9B 20(DOY110)~21(DOY111) 20(DOY110)~21(DOY111)
1GS03 16(DOY106) ~ 19(DOY109) 19(DOY109)~20(DOY110)
CombinedPPP 22(DOY112)~24(DOY114) 21(DOY111)
SPP 25(DOY115)~26(DOY116) 25(DOY115)~26(DOY116)

2604 Journal of the Korean Society of Civil Engineers



2.3 25
BN mwE U —Ns

_ 2 s 0,
E 3 2
=15 . 15
° (=]
o 5
o1 10 8
-3 £
° 3

05 | .

0 - T L0

2hours 0~-10 10-~20 20~30 3060

60~90 90120

Epochs(min.), <SPP, INCH>

Fig. 2. Positioning Errors of Single Point Positioning Solution, and
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Fig. 3. Real-Time Position Errors with IGS03, and Number of
Satellites at INCH
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Fig. 4. Real-Time Position Errors with CLK16, and Number of
Satellites at INCH

& AR Btk TRl FhRE 2R ake 7 24RE B
digh ST AlAe] B, 1~ 10°61A4 20~30 71 108

74,
30~ 60’9 90~ 120°7RA1= 2z} 308 7HEo 2 AzkE 3
TEEE Yeplith ARto] Zakde) ule) #ap) hashis A&

25 25
[\ E U —+Ns

2 20
3 a
515 & ————¢ — 15 5
° s
3 1 10 @
: -
o E
05 5 Z

o LN I _JﬂJ_DJ_DJ_[Ll_EL 0

2hours 0-~10 10~20 20~~30 30~60 60~-90 90~120

Epochs(min.), <CLK91, INCH>

Fig. 5. Real-Time Position Errors with CLK91, and Number of
Satellites at INCH
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Fig. 6. Real-Time Position Errors with CLK9B, and Number of
Satellites at INCH

B 7+ ARMe 57 Al B5 s1t Ht 914 = 145,
FxHExfe] Jre 217 N=0.849m, E=1.431m 2 U=1.135m=
SPPd| oJ3h 2ol FFHN V N+ E°+ U )& 2.014m=
vERITE Fig. 3~Fig. 62 429 BAF(IGS03, CLK16, CLKII,
CLK9B)E &85 72t 107 Alde] PPPE -3l3laL SPPe}
FUH A0 2 BABKITE 450 HARE 283 QS
;. Hxk= AR wle) FE5A 08 sk AEs Bk

Fig. 394 1GS03-2 vt 91 7} 14.30h, 25d}e] e
27+ N=0.617m, E=0.601m 2 U=0.954m= F72] ZFH==
1.285m= UFERITE CLK16S GPSYAT HAARE Al3sia
= Fig. 49} 7o) 3t 9173 7<= 8.0l], FzAxfe] -2 224
N=0.301m, E=0.550m ¥ U=0427m= %2} Z3hH21= 0.759m
2 vEpth CLK912 Fig. 59} 2] Bt $14d 57} 14.94,
HHEAA] P ZH N=0.189m, E=0.386m 2 U=0.311m=
ZEol ZFA) 0.531mE BYh

CLK9B] ¢+ Fig. 63} o] Hut 94 &5 1440, =383}
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CLK9B:= R5AFE AAREo 2 gj4et & Qe ARE W
F3PBlaL QARE CLKI1e] Hl3)] €53] st S9duhe ER1e
T Y20} IGS03, CLKI169] Hsl -5k S9143E B3k
Fig. 72 1d@#S54¢] CLKIB EAAYRE Hf3lal &3t
Epoch 1z 7H49] AR ¥ HAEEE AAIYE TARE Ao|
t}: Figs. 3~69114 N, E, U F3iAdke] B2} £3], S0cmo]uje]]
T i AQARES SEEhA 1GS039] A, UAdRe] HAt
= 7|2JEk Z9ele 90efo] A% CLK16E 305, CLKI1
103 2%, CLK9B2] 7% 2001 50 = LERsitt GPS$)/3
AREgF CLK165 A9 92l B 14t 914 &8st
T 3%2] AR S0em HA} ofUje] =2 AgARTe] Tkt
Al VERAL gltk 1o 2 s A -ofsks Bl At
A T IS4 dn, AR BAAE A daels,
£ 53 HARR ] Ale A9, AR $H3el T4 2]
A 7, BT 25 59 AR ARREL o] FE
st & o] ARl J77F aukEt) Fig 8L 3% HARF
(CLK16, CLK9B, 1GS03)& Z3}(o]a}, 3% %3p)sle] 1xw
Sao] Ag3kaL 107 AAdaSe] AREE HxHAE =4S
Zlo|tk. o}&e], Fig. 9= 57H4] HARE HER FVl8te] 659
HAR(IGS01, CLK21, CLK22, CLK51, CLK80, CLK91)%3}
(I3} ‘6% =) TI8laL 24k F 37) AlA2013d DOY6S
~DOY71 71zt 5 AANe] AR 33akE =5 Aot
(Lee, (2013)). J7]A], IGSO1, CLK22, CLK51-& GPS$}/dgke]
B Rt}
3% 3] B9+ Fig 83 o] Wt 913 5 1244, 25t
o] Hgo] ZkzF N=0.342m, E=0.664m = U=0.560m, Z}E2]

o] Z+2F N=0.138m, E= 0.417m = U=0.275m, Z}3%2]
15
_]

oft

= orfo
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Fig. 8. Position Differences of the Real-Time PPP Solution with a
Combination of IGS03, CLK16, and CLK9B, and Number of
Satellites at INCH
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Fig. 9. Position Differences of the Real-Time PPP Solution with a
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CLK91, and Number of Satellites at INCH

il 0
Bk b, 6% 23] H$-= Fig. 99F 2] It 94
14.5t, A=) Hito] 22 N=0.149m, E=0.383m 2 U=
0.217m, FFEo] =P} 0.465mE 3F Z3lo| H|3)] L53]
g S HolHA Q1 Sl 2838k Al HuAd
% 7P gk Aas AAEh

BHAFE] 3% 28] 71 280l vsl FAzdxp =A] VRt
AL 2golgh sAlE]e] BAAHRE Zfehs Folx HAaggre
= (over aged), A= RO T} 3} Fol whE AN AL
U 5, Hde] HAF 23 A4S S8 51 o axdEck

4.2 GRAS ZIAHQ| HL{=9
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