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Abstract

We estimated the receiver and satellite differential code bias (DCB) based on the
ionospheric total electron content (TEC) estimation method. The GPS network which
has been operated by the Korea Astronomy and Space Science Institute (KASI) was
designed to calculate TEC. The receiver and satellite DCB values were obtained
from the weighted least square method with time interval for one hour. The results
represented that the receiver DCB values are mostly varying within £2 meter and
are derived comparatively stable within three days. The estimated mean values of
the satellite DCB show the maximum and minimum values of 4.09 nano-second (ns),
—6.28ns respectively. We could detect great variations of TEC over 9 TECU difference
at any time when the DCB sets were applied to TEC estimation.
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A} 59 FHA4(TEC, Total Electron Contents):= 8] £2 BEA S ojgst=d QoiA 713
9 shubol) AR $ A EHE Al A= (GNSS, Global Navigation Satellite System)2]
S REH AGY FA7 A AZE o, A5 A G8E s sk ﬂ%}/\lg,}
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27] g gl o2t AEE o] &3t 23T 4 th. 28 GPS(Global Positioning System) 53}
T Zrzbe] A Z ol 1A A A nrojojavt EA st o] mlejojat AE)F FHAAS FH] A
5o 4 Frh(Lanyi & Roth 1988, Coco et al. 1991)

AARA AAL Zzte] GPS BEE Fsvit BhE £ UT, BE olH Y AL BEY
3 Fokeel A ZuelM Ago] Brh ol BA Folxl AZA A} Ee I ool #

&34 8 Atojoll& Hleo]o] 2 (DCB, Differential Code Biases)7} £X| 54 = +£H|, ©] DCB= A&
of FAAFE FAste AdoA AFEo] AFE F7] w el el Aokt golch A
2 AT JERAAA 7HE E 2xg o g gy g2 AeE FAAS 49
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BE=E AR AARZEEAE A49n) 53], A EFH 22 7|2 AR 5417
9] AA LAV v5 AATh o] & 3] vlFe] WAAS(Wide Area Augmentation System), -8 2]
EGNOS(European Geostationary Navigation Satellite System )} 2+-2 9 A &4 R A 2~ (SBAS,
Satellite Based Augmentation System)2 HUeH 2 9228 8 XA Aels: 248
F4stod GPS AMEALEAA E4AT oz AYgE HAHRSTES A-Z T Hofmann-Wellenhof et

al. 2008).
FAHRORE 1998d% 68 ZAE IGS(International GNSS Service) Ionosphere Working
GroupO] 2217 A9 =S 2t Aeld A4S U vEe] GPS 943 41719 DCB
< SFEAR At ATt dFE Pt ok FAAS Y3 DCBY AL A GPS
]—,—%UPOH g3 +=HE olFFu4 dolelE 71¥te 2 3t (Mannucci et al. 1998, Schaer 1999,
Hernandez-Pajares et al. 1999, Gao & Liu 2002). & 5712] A2 & £ 4 M EJ(IAAC, Ionosphere As-
sociate Analysis Centers)oll A A gl& A2 ES A A28 =1 =1, 92 CODE(Center
for Orbit Determination in Europe)$} ESOC(European Space Operation Centre), ¥]= JPL(Jet
Propulsion Laboratory), 7§ 1+t} NRCan(National Resources Canada), 23 ¢] UPC(Poly- technical
University of Catalonia) 5-°] o] sj%3lct HalE EAAg M= A AN TR oR n2A B
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3t DCB3= RMS(Root Mean Square)gt2 2Fi ©9] 3= nanosecond 2 o] At}
of Aol e 4Fe FHATE FAHSE PH L 59 GPS 44F A=ZHEATY
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E 1. GPS 417] dlojg B¢ 2 &)

25 dlole e
P1/P2 C1, P1, P2
C1/X2 C1, X2=C1+(P2-P1)
C1/P2 C1, P2

2. BEEI U BHXIS AL

AREA A GPS #41719] HlolH -2 th2 £ 13 Zo] 274 3712 2 UE 4 gk & 19
A C1/X1 €92 Cross-correlation 441712 ¢14) o] = o, Rogue2} Trimble 4000 A] 2] =0l A AL
=+ Hefolth 229 GPS $°417] =, Leica, Novatel Z2g] 11 TrimbleAre} MEE2 C1/P2 B9

A Gk o] A= C1/X2 HolE el 47 DCBE 2R354 At
UM ARl GPS #EFAF = T} W5} YA (Carrier Phase) 02 BH5 1, o] &3
ol Ze vpejoj2rt YaAE o] glow 2218 1 st S AN A (1), (2) A™ vepd = ¢
o},
Pi=p+c (AT —dt) + AP + AP 4 pP7 4 6P pomf + ¢ (1)
®; =p+c-(dT —dt) + \iNi — AL + AP 1687 +b2° +mf +€f (2)
A7l P AR EAHA, p= AT FA719 75tatH A A, cr 19 K5, dTdt= 5
A719 4 e Al A . aE, Ao HEl S (A}, Aere g5 AL 0,00 e 47 417
sk AQANA vlolol s, me G HZ 93k 2 $A17] AL, b= I AN FAA, NS 2FA
o)t}
de] 5 TECE Z= T+ W43t 9ol M3 23 (Linear Combination)o) 9siA AF 4
Qevi, tha 4 (3), (4)9 2o} ‘Geometry-Free’ if‘%}% Z 2 Ag3te] A4t (Blewitt 1990).
TEC, = k(;flf2;2) (P2 — P1) +b"° +m + noise (3)
TEC, = k(](c;ﬁfz) 53] ~(Lid1 — Lad2) + b7° + m + noise (4)

A71A A} for 22 GPS L1 L2A T 9] Fukgoln], ke Held Fd5 #d9 goz oFf
80.62(m*/s*) 9] 7& ZHth

TEC = (TECsiant — b° — b;) x cos x (5)
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Instrumental receiver biases (2003-10-31)
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DCB[m]

30 5 10 15 20
time[hour]
I L 1AZ Aoz 28 GPS 41719 DCBZH(20034 10€ 319).
% 2. 397 A9 #4719 F+# DCBEL

GPS 2 DCB (m) Mean Std. RMS
7 &= 10.29 10.30 10.31

DAEJ -3.10 x 107! —6.28 x 10717 —1.23 x 10~17 —354x 107 —2.55 x 10~7 —4.36 x 10~ %7
BHAO -0.17 -0.26 -0.21 -0.21 0.04 0.22
JEJU -0.92 -1.19 -0.86 -0.99 0.17 1.01
MKPO 1.00 1.07 1.25 1.11 0.13 1.11
MLYN -1.61 - ~1.73 ~1.67 0.08 1.67
SBAO -0.91 -1.03 -0.92 -0.95 0.06 0.96
SKCH 1.12 1.20 1.26 1.19 0.07 1.19
SKMA -1.19 -1.24 ~1.19 ~1.21 0.03 1.20
YOSU 0.39 0.18 0.31 0.29 0.11 0.31
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£ 3347 £+449 949 He DCB4L

GPS 94 44 94 DCB (2$: nanosecond) B
A5 10.29 10.30 10.31
1 -6.6871 -5.7051 -6.0354 -6.1425
2 -5.6292 -6.9241 -6.3022 -6.2852
3 -2.3742 -4.5978 -3.8130 -3.5950
4 0.7086 1.0016 0.7142 0.8081
5 -3.5257 -5.5990 -5.8988 -5.0078
6 -3.6520 -3.9951 -4.3415 -3.9962
7 -5.2568 -2.0817 -3.3490 -3.5625
8 -3.0121 -2.2757 -3.0718 -2.7865
9 -5.0146 -5.1718 -0.4663 -3.5509
10 -1.8920 0.4612 0.8179 -0.2043
11 0.8265 2.9387 -0.5332 1.0773
12 - - - -
13 -1.8098 -0.4065 -0.9090 -1.0418
14 1.0274 -0.3637 -0.6003 0.0211
15 -1.7391 -2.1943 -3.5516 -2.4950
16 -0.1307 -2.6773 -3.2392 -2.0157
17 -1.5954 -2.0100 -3.1593 -2.2549
18 3.7566 4.3090 3.3468 3.8041
19 - - - -
20 -2.6286 -4.4266 -1.9575 -3.0042
21 4.3767 4.7174 3.1942 4.0961
22 - - - -
23 1.8757 -3.1592 2.0627 0.2597
24 -2.9919 -1.1375 -1.2866 -1.8053
25 -3.3890 -4.8570 -4.2200 -4.1553
26 -0.2168 -0.0163 -0.9900 -0.4077
27 -4.0620 -2.0169 -2.6828 -2.9206
28 0.8831 5.4117 2.1333 2.8094
29 0.4566 0.8039 -0.5974 0.2210
30 -1.9219 -2.4919 -2.9584 -2.4574
31 -2.0763 -2.7824 -3.7403 -2.8663
32 - - - -
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B @ e Zolth GPS 94 189 (2 2a)3} 21 (28 2b)oll thal] 3UL AEA2R 43S A &
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2,109 30¥-2 H °F 1.20s ©] 49 Abo] 7} gl =3 GPS 94 212 DCBZE-S 109 29
73042 25 IGS DCBZERTF @k 0.5ns S A& H dhd 109 3192 <k 0.7ns 2HA] 2H& 5 Qi)
IGSOlA 423 9149 DCBE-E A A Q ghol #A15 = 42 Jepll A g KASIA A 4H& g 3t
2 IGSH T} 224 e-S Hol gtk o] AL IGS7F AA A 2 1004 7] o]4Fe] GPS 71F= o] E
S} 43]% HEANE]|2RHE] A2H 2h& M2 238ke] A 423 ZHol 7] ] B & A 92 GPS 7]
ole] Mot Hla g ol e AHAT FFANA Hol7t LS Aoz AdArtk £

IGS% E—%f‘& 2] DCB 4H&2 A8 % 3971 dolg) ME3, & A, gL ok do
HE 25 &835to] aldde] DCBE 4H&dtt) o|eigt & 28X HeFo] DCBY A==
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