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Abstract

The ionospheric delay is the largest error source in GPS positioning after the SA effect has been turned off. The
ionospheric error can be easily removed by using ionospheric-free combinations but it is only restricted for dual-fre-
quency receivers. Therefore, in this study, the regional ionospheric grid model was developed for single-frequency
receivers. The developed model was compared with GIM to validate its accuracy. As a result, it yielded RMSE of 3.8
TECU for 10 days. And L1 medium- and long-range relative positioning was performed to evaluate positioning accura-
cy improvements. The positioning accuracy was improved by 46.7% compared with that without any correction of
ionosphere and troposphere and was improved by 14.5% compared with that only tropospheric correction.
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AT AREALE 917 A AP S RERIM,
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W 31(2009)2 0 FE 5(2011)& DCBE 1123t ] ¢] 1
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A7) 9] Aol Al BERE M e S A AF4(STEC,
Slant TEC) 9] 52 &JAFA 2] o} &} 914 7|¥Ee] 7] 5}
AL FLA] AE Z3HGeometry-free combination)©o] g 2] A}
2.5 o Blewitt, 1990), <=417]9} 9] 41 o] DCB, 18] 31 t}%
AR 03 58 BAlo) Telst ol A ()7 4 O 3
O} (X 1F 5, 2009).
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STEC, = —— (P, — B) + 1" +m, +noise,
L ":v'(fT_f-})( 2 L) ; m,Tnoise, (1)
S (fif)z( N — Nohy) + 05"+ mg +noisey (2)
'I‘“(fl I3 3 B
o]7] A f,. f, = GPSLI, L2 A1 5.9] Fuls=o|n, = A

23 S B E o R oF 80.62(m/s)E 2T} P
QXA BEA], v A7 $144 4] DCB, m thE
AR 22} noise= AT O] Z-E N HF AL A =11,12
412 9] w5 UrEbd T

T A9 EAS AW EW, oAA ] 718k 4] (1)
TECO] A BZo] 713t A5 o] -3 He|uj A
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o] T a s} o] gst ThEL W ol5l7] 93] Eueler &
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o]7] $138l| STEG,oll Zvt e & &-§-51% 2 1, Mannucci
5(1993), Komjathy(1997), Skone(1998) 5-2] A8 152

STEcpfz} STEC, S 50| Ag-ate] mrt A E?z TEC
29 A|Z=3FgTt 1 3 Skone(1998) F+ U=2]9] @3
A& 71 el Wt 914 7]4ke) TEC w2 719& A
¢Fsglom, o] Aol A= Skone(1998)°] A|<tat 4] (3)9]
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2] @)°] o)) Ar&Hc).
STEC(,)= STEC,(t;) +offset(t,) 3)
1 J
of fset(t —2 (STEC,(t,)— STEC, (t,)
: = Q)
= y(N—1)offset(t; )+ (STEC,(t;) — STEG,(t,)]
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Z3} g2 S VIEC| X10|(EH¢l: TECU)

PIES RMSE PYES RMSE PIES RMSE PIES RMSE
1 6.27 4 3.99 7 10.97 10 5.23
2 3.48 5 1147.65 8 13500.51 11 21.5
3 29.17 6 478.44 9 66.95 12 342.87
AAAL YFE FE DOBUE MG Ou, ool ok PP AR, Ak Y A4 F
AJAFSE

VTEC(Vertical TEC)T} STECS] TH| 2 APAFa14= 2 o] 23}
of ZFA g At A (5)9F At

VTEC= (STEC—b,—b,)cosx %)

A7|A b, 2} b ﬁﬁ%’%* I} 4=417] 2] DCBE UrEH
], cosy = GPS 424177} =3t STECE IPP(Ionosphere
Pierce Point) Z] 7 ]| /\-1 O] VTECL. 2 HA3|F7] Y3t AMAS

=2 vebd i (Mannucei et al., 1993). YRkz o & EH )
o] S he v A7 Bk AR
450k Szolof W 9l Ao ol
(Mannucci et al. 1998), 0] T=F-of A=
450km= %|-g-35}3 0., IPPO] 9|2 & "P Eoh= A2 2
AL 21235 o 2 tf A 5} 93 ch(Hofimann-Wellenhof et al.,
2008).

Ma & Maruyama(2003)0]] w2 2] (5)o]| 4] VTECT}
DCBE H2l8l7] 913 T A7 B FUT A% W9 o
of| Al VIECE 22 Zh& 7HA| 7, DCB+= 81 5-¢F ¥15}A]
o= Aoz 7hgRth 28y o] 49 VIECH DCBE &
Aol =4 5HA Fozn Az A g oA Fetert uE
OFR|A H| B & o] Aol A= g AlXE HAC R =44

%4171 DCBY] ¥ H# gk} IGSO| A AlFsh= ¢/ DCB

= A (5)oll AH2-8-5ke] DCB7}F Al A ¥ VIECE %& At
%ﬂ‘i’lq o] AtollA £1/d DCBE F438HA &2 ol&
= e W GPS A TS ATHS 088 79 GPS 914
o] 24X7t A& o7 HEEA| GF 22N 4HE = 9]
/4 DCB] &7} wobA] 7] wjZ ol th(Z[ ¥ +F 5, 2009).
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Zt}(Schaer, 1999).
VITEC(6.)) = HIE E P, (sing)(C,, cos(m))+8,, sin(mA)) (6)

n=0m=0

EA A IPPQ] AZ=E Z]ulA|(local time) 2 ¥ 33 Zho|
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A= 29 19 2 or] 29 164 A7) HeE =
@ Ao AR B3 Aol 1L, U(0)S Z9] 2w B
o AHgT B dolch 29 AT Aol AHEH GPS
A EFE 4] X H3E B 20k 2om 20119 78 19

(DOY 182)0] =5 GPS A} 7 & A}-2315ch
H2 MET AZ0| AF2E GPS MA| EA R
RIEDN H= P 1 s | 7|M
T N] [E] [m] | [km]
[HU1 | 37°27'02.0" | 126°39'19.7" | 61.0 -

DAEJ | 36°23'57.9" 127°2228.1" | 116.8 | 133.1
SKCH | 38°15'03.5" 128°33'53.1" 46.1 | 190.1
MLYN | 3572928.9" 128°44'38.3" 43.6 | 286.8
MKPO | 34°49'00.7" 126°22'53.1" 65.4 | 2933
KOHG | 34°27'13.6" 127°31'09.1" 40.5 | 3415

JEJU 33°17'18.0" 126°2743.8" | 431.2 | 462.0
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7% 10° vk} 3 30709 22 AR op 20119 6
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TEC x}to] & v 3}l ch. TEC H| 2 98] A tjatoz
A 2F AR el ko] F7EAFol A= Junkins
(1973)0] A QFEF BZH-& A 7EH o) A A& ekl 1k
Mo Haeslgon 302 7HF 02 13 EoF 28807 2
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Sl BAof 125 20119 7€ 14(DOY 182)2)
35N, ZX 115°E 2| A 2] TEC A| A DL YEeld Ao
A ore] ke A2 o] TECE Fof) 40 TECU7HA] A

H3.GIM7|Z RIMQ| € T+ RMSE(EH: TECU)

ZB=(E)
o 1 11 12 1 14
9IE(°N) 05 5 5 35 5
45 4.8 4.7 4.5 4.5 4.4
40 32 3.1 3.1 3.2 34
35 3.1 2.8 2.8 3.0 3.2
30 3.8 3.2 3.0 3.1 3.2
25 5.1 4.2 3.5 32 32
20 6.0 5.2 4.4 4.2 4.3
Lat: 35°N, Lon: 115°E
50 GIM'
. 40 RIM||
]
30 N
5 |
f 20t~ k
> T
10
5 1‘0 1|5 2|0

Hour (2011-182)
a2l 2, ST AFZol|AQ| TEC 3

3. ZXIE K™ MalE 2Ue 0|3 Aj=2)

3.1 L1 MTiEel
o] Ao Mt ALH HelF B Hgo] hE %9

Sl S A17] A 39} 914 Al 2 AHE A
Q12§ PPP(Precise Point Positioning)
of A 12 3joFat phase wind up, site displacements 5-2] &
A 918 vlAskA 2 gskel RAIT 4 9EH(Kouba,
2009).

A8 s2HE 417 roll 2418 L1 wkEut 9f4kof 3%
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e = piteldt, —dt*)— oI +OT+ANNS +el )



4714 GPSLI Jeh 5910l 4 2149 Ao Hels ma A go] b2 £9] Yok JF B2k

o 71 A, o1, Aol Bh910] LI BE, ol 417)
o} o) a0l o] 7]ateta Az, e We] &, dr, & Al
7] NALAL, dt* = A A LAY, 677, L1 W52 A
% o2 572 BhRY O, T2 T ¢S W @ 7ol
ok A (el #71E 2245 ol o] Al @2}, 91443
A7) QHefLbe] $1AFE AT S Sol Qlott o] Aol At
iﬁﬂl““qﬂﬂﬁomﬁﬁﬁé,ékﬂﬁﬂ
2o st 4 ®7 2ol o FAR 548 §ET 5
ik

gbi"’L 7@:}1 @i_;l @fl J’ﬁx [(p:x @21] ®)

= MG S THE AN, e
A @01 ki 7129402 B ) BE Az 712

AL AL AL 14 (1 1,)0] 5417] Aokl B
Holek RS ), k94 o] Hof Ll
o SVt AR ETE w12 712942 Al
A QeI i = 7|2, i o] Al 7ol

A @el thew sk S 7o) A9l e
Zo A BEHS RS 99 ol FHEE el o
Ahoh il L AHE B soRtith el % 2. xtoh iR
O3 WA of) QA Wk $1ALS o] 85 2 9]0] A WhEA
zaﬂﬁaﬁﬂaiiﬂ*ﬁﬂmumggaagw
ok BERSE 4ol SEEE R WA AB7F 5
7)ol mEE T o 4 gl S140) ghe ke Aol 2

Ho| WA 2 9 1 0] HEIA P B 7
A3 gleh RERSE AP J4FoR FRT 5
Qlom, g BERSE 2G5 2 Fuskn Y2t

3t 29 & 93t T4 o] th(Hofmann-Wellenhof et al., 2008).

o) Aol A BB AL AR E 3] BERS Ao &
T2l HhH oz &# Z LAMBDA(Least-squares
AMBiguity Decorrelation Adjustment) &38| &2 483}
CH(Hofmann -Wellenhof et al., 2008; Teunissen, 1993; | ¥ 11,

3) AT B Y5 ARG Yo HEA] PE Bl B
oFgitt. o] AL Aol ZEH AEHS 99l W)
94k} o)Al ) AR o] gad o 4] 9)] L9l
t} o] & A7V td)] xpEE)] = Alo]E& o] ¥ s}
%) opore A% Aelz A Aol Walant

72 Al7toll A Xl"qa‘:«l Hale ax] genz o5
Ao zN Ao ZEHE HEY 5 A
Wellenhof et al., 2008). 0]‘?‘7-]] AZE Alo]|E2&
e 2] Aol 4 A 23T,
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Phase

L1

Time
ti tj+a ti+2

1213, AlO|2 & ] 0] wAlSH 42 (Hofimann-Wellenhof et al., 2008)

R =—26, +\N, ©)

GNSS(Global Nav1gat10n Satelhte System) AR AP A
o] el GIPSY-OASIS(GNSS-Inferred Positioning SYstem
and Orbit Analysis SImulation Software) 5.00.2 *|2|gt 2
g AHEekSTh GPS AR A B Dol A 29] FE
A} RIM, 18] 11 GIMO] FEAE 25+ IGS08E £

ERF ALl 25 S GPS 94 Al a7t AlE = 2ol A7)0 goll A2 % HU1
N A7} s AR AEsts Ao (A HU3 BEAS olgelo] 1E A5 HFEE 7
4. ZET|MOIMe 202|F 7S o At

N Float ambiguity(cm) Integer ambiguity(cm) Imp.(%)
=T RMSE Std. RMSE Std. RMSE Std
[HU3 2.21 0.72 2.15 0.40 2.71 42.86

463



shr=apsls] 2] A 308 A 53

PVSHATE. o FAE AT ES) L 7 E T o) F

7oA AeSH iRd A8 Ve ols=

=9 Ag7} 10km o] d 79 M| S L2}t fRA & of iAo 7 melg s BA s ofgitt ubebA] o] At
A FEOAE R E 27 Hrhe R4, 2006, wFebd oA e Ao HelE melo] S yetmo] v
HULZHHU3 254 7] 4d0] of Im o)7] wj2o] £ 7je] o gubg BA4lehr] lsiAe did oab7k JetalA =
U52F ol gakel 5SS HE FUT S Aolofaith FH Ad 234 GIPSY-0ASIS 5002
A ARE 4S5 A FEE sy A EE AEE AN F A AHL 7)FAA0 7B E o=
718k 4= Qi ASE, 71, 255 o8t #E54A A9 A
TEE NS G Fo] HoE WIS Yo e Wek WA A2 A(ZHD, Zenith Hydrostatic Delay)}
A O R 27 A4 WB YR LAMBDA B8] A 587 AUZWD, Zenith Wet Delay) & AH&5}1ch
ZoR A& Y5Y HEYFL ol S ATE 0] (YT, 2011). AHEE ZHDIF ZWDE Niell APFEHRE
Rk & 40 o)59) ANE Gehigen B b olgste] AMNF dRA AT AMRT FeA AR
WY B OF2em 2 E0] 29 A ASE AL S HS Fof 9]0 Aestelnt el AxE Ao Ae]
3 4 Itk LAMBDAS 483 27 Hagson 2 3 wdle 1° 7h4e] ZA-ou VIEC gho] lon@ 2
e A5Y RERSR S SR 2 %R e v RA0] Ageted Bed Ao yiket wilo] B
AISHA FAEI QAT JuEe] A9 ok a3%sk A fsteh ZAY wAS WATE o) A P Junking
ooz = qoor] DR AHE Ay BEHYRR  F(1973)0] Aok R ARG 0 0] AITGE o &
2912 A M LAMBDAS 283 59) A3ke A4 Sto STECO.2 gk & 2:910] 2-g5}3ic.
Ol U2 AUEE Hol= A& AT 4= A AAE BAREE 9] darelgol A8qt Aut
= 359 deliglon A A A 7|E=-2 [HUl 3=
AE o] §353ltt HE AE A g]i= LAMBDAE o] -85}
RS HFE AESIG o RS S AME YRS £
£ 7] 18l BEA S FH oo} AbEstoint 18] al & 59
N Z17ke] Ao oA s wASA e A9, dRd X
? UF 2GR A, e A eapet fFE LAE R
T BAE %99 3% RMSES} 71 &5 UEbdTh
o L R R = w52 R RY o A8e A9 Hd 374%0 &
O24 SRS AM| M2 3XY QR A A =Tt FhEE AS 2T = e de s
HFE oA BT N8 A HE 467%2) 29 He
3.2 X9 M2|E oY M0 M2 £ Metr BM  =UFAEE A S8 4 ook 283 iR oA
O|FAE A ZSIol A AelEH hRE XS FE w A8% 29 A iu] A E0 R oX BEES
QAE AAT S QP 71 OF 10km oo HR F - AT A0 29 AL B 145% FAHE AL
B 5 9% B Hnt 30| 40159 2
Non Trop IonoTrop
=L 3DRMSE | 3D RMSE 0 3D RMSE Non Trop
(cm) (cm) Imp.(%) (cm) Imp.(%) Imp.(%)
DAEJ 73.8 39.5 46.5 38.8 47.4 1.8
SKCH 98.6 62.4 36.7 58.6 40.6 6.1
MLYN 113.7 72.6 36.1 55.4 51.3 23.7
MKPO 1343 85.0 36.7 71.1 47.1 16.4
KOHG 139.1 88.2 36.6 69.7 49.9 21.0
JEJU 171.2 117.1 31.6 95.8 44.0 18.2
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