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GPS(Global Positioning System) 9] oA 418 L1(1575.42MHz) ¥t} 9422 & o] &3l
ArHe F 239 71 E o /1A A& A E 3 9l S/WE 0] F a5 (Double-Difference) 3
S A3t ApEstglch AR S/WE ZA Ui o R FAHEL ANE 499 A E AL
e B8, ElT dUAE BHA S FYE X8 AAE SRR L TARE B8 adn
Ao 2 AUBAE Asts ok AU S/wel FBEE BEE] Yo, i A
ool GPS #& 4 (N37°.75, E127°.37, H77.61m) & $41 2 & <F 2.7, 42.1, 81.1, 146.6km Ho] =
dl 2174 ol 4] Trimble 44171 & o] &3] FAlo] GPS YA L ZHE BEARE PS5t =
FHBSAEE o] AFellA AL §/WR MR 2, 2 7S TrimbleAle] 2k 8] §/Wel
GPSurveyoll GPS 914 o] 4AIEH S & 83l L1/L2 ION-Free 7|' 0.2 A+t Axis} v\
SR F S/W A A6l 02 A& V) AE e ZF Y22 oF 50emUl £l oA & dAstgm 7 A
A £ oF 10cmWj &l A4 M2 A x| et

ABSTRACT

We developed a GPS phase data processing S/W system which calculates baseline vec-
tors and distances between two points located in the surface of the Earth. For this
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development a Double-Difference mothod and L1 carrier phase data from GPS{Global
Positioning System) were used. This S/W system consists of four main parts: satel-
lite position calculation, Single-Difference equation, Double-Difference equation, and
correlation. To verify our S/W, we fixed KAO(N36°.37, E127°.37, H77.61m), one of
the International GPS Services for Geodynamics, which is located at Tae-Jon, and we
measured baseline vectors and relative distances with data from observations at approx-
imate baseline distances of 2.7, 42.1, 81.1, 146.6km. Then we compared the vectors and
distances with the data which we obtained from the GPSurvey S/W system, with the
L1/L2 TION-Free method and broadcast ephemeris. From the comparison of the vectors
and distances with the data from the GPSurvey S/W system, we found baseline vec-
tors X, Y, Z and baseline distances matched well within the extent of 50cm and 10cm,
respectively.
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GPSE AFUAE o148 Aughy Axgloz v TN MLe Aoz AA 24 FHE
A9l World Geodetic System 1984(Hofmann-Wellenhof et al. 1992)& o] -8-38}a] A} &}9] 9 %], £ &,
23 ALE A 2P & e Aotk 53] oW d 7] BN E AMEE &
3, £EHo|e A Algal, eln A dee] Adttte FAHE AYR 7] WE] A
GPSE °] &3t $E& EofollA Abgo]l §4E2 4451 it

GPSE o] &3t 93| & Goldle 2% Z=(Code)R 79} w434 YA (Carrier Phase) 2t 2 & o]
gated, 2t Agel £l Aol s ZEAE = SA(Selective Availability)dtall Al & H] F+
A (SPS, Standard Positioning Service)Al | A 2T A 258 2F 100m(2 drms, two-distance root-mean
squared)®] QA& Holx 3, L1 £& L[29] w4y AAAEE & mm ~ F cm9 X}E Y
ER 1 gt} ol g o] GPSY W 94 E ol 838l & mme] FBEY] WHoR FAFHY 7
ol AAE AL A7 M A (VLBI)Y 7oA vl E25 A1 1980dthol] 83t Aot 1
% Remondi(1984, 1986)°ll &J&] 2| &9 g S/W7t 7l Lso] GPSE o] &% FLZH7L 7te
&7 JAch A GPSS wtds} AR E o] &5l A FAHAJN AXNE AFE B+ %
0.001ppm(parts per million) 3, 109} £9] 1049 L& FHJ 2 AT F AFLY 43 AAE
238 4 gltH(Beutler et al. 1996).

W REARE uEs 9 vs) AaA s}t sl n 25 A (ambiguity)e] gleBE F
2 A9 2ol M A @ ARG AAN FPANE AR st o) &3t A HE), v 43
ArE R3gdez A AAzE PP Hoke 4 (batch)H 2 & S35t FLYE 87 8he A A
&, A 2+-%, 223 F&F 5ol 2011 It

ol AT uET HAABE Hyste] £207)19) AU 3l e] A X & B P1AAGE
238 4 JdE ANSAE S/WE MEst7] 43 Zo] FFolth 5/WE 7idetr] s dA A
ARoZ 2A & GPS F417]0] o] &5 1 & W 94 A8 H 2] §/Wet FA1g ¢ FE A
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2. ACIEXE 98t 255 DA

2.1 GPSe] #&3]

GPS B&A = G ZRE £48 A5 £A74 BHR AT M@te] 3HF AT F,
T Aze] 944 2ol FEE £ gholth 7| 2H o2 GPSE AT £A7]¢ Je AAE 72t o
a8 o

st oloth. whebd 1A 3 =417] A A9 @ abell o] s A (Range)gkol A A &3 2ol & Heli

o 2ol o] & o] A} 2] (Pseudorange) 2t 231 ¢}t Hofmann-Wellenhof et al. 1992). 7] &
= AA g wrEa 9 oA AR L ik A7 = A7 oA AR A4 F dnpirgel
7] A WA AART EA UE7tE FH3EE FA7]dA $£AT ARE J40M $AUE
$3 9233 FA7IA YA kgt 9 dAtel o Aol ghell sl Tt o Xpol gh2

PRt) = —15% = 1°8° + fabn + (S — fa)t (1)

olth. 714 ot HANN FAZI AR AR, e B, )@ f5, fRs} 6%, 670 Zh2t Y433} S22l
719 Fokest Al A 225 vebdch ()X 99 fRe 2E gor & 5 U2P Ad =60
olg} Felstm, Jelel Z1 A thrlol &g XAk P Wh AN L

1

4

olth. A71M & = —Ag§, 11, N& 9493 417 Tte] 25 % 4 (Integer Ambiguity) 24 AFH 2
2 94e 249 4% 598 F2 U,
2.2 83 2 g

23t} 4] (Relative Positioning) & 7]/ (Baseline)ol 21 25 T A Alolo] HE| & AR dl= 2
o= oln] A& AFTE L1 U 7IANEE T4 v He] AEE AH St ootk dE R
73 %~ & 2} ¥ (Single-Difference), ©] x}% (Double-Difference), 12] 11 4t% 2} & (Triple-Difference)
HE Z AH2EE TS dl & F&tn =, FF2HE-2 Cycle Slip dopli7] Hall T2 o]
3} wrdst 9 de] g A Rd Al (2)2 2 Bt dutA o2 vehi

lo,

By(t) = 3eh(1) + N+ 84 (0) 3)

olth. 471N A isk Ak 247 47 BEA W& Yehdk,
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a7 1. GEAEH ol FAHE S T,

HUAEE 3Y 1949 Zo] F BFAH 4, BollM 94 & T B2 S o] 94 AR
olth. A,B ¥ A Al dal (3)2& A &3t T A& M= AR

~
Nt

Vat) = 1hs(t) + Ny — Foas() (

o] gtk AV &y = (1) — ®L(t), dip = h(t) — Ah(t), Nip = Nj — Nj, T8 64p(t) =
8p(t)— da(t) oITh UL vhBA AR 2 o] FHEE FEAF A, BoA 94 j9} kS TAlo) B2
He o) 2 94 BUNE o B RE 28 4 Yo} =

Bh0) = $k() + N ©)

o} 7] A ‘I’fB(t) = ‘pfw(t) - ‘IﬂB(t), QﬁkB(t) = Q’fw(t) - E’fw(t): N,ﬁ? = NﬁB - NiB oltt. @AY A

S 949 AA Aol 2AEE & & UoH, 0| AR Afole A4 AA LA Barohle

FA7IY AALRE A 2AEE & 5 Utk 28y F IR 2% RS Nge AAsior @

oh EW BAREe A AELS B AVle £HA FBBAS EASA FA W o] F2E A

€ EASER oo i3] nea] Folok gt o) FAE Y B AR E FBRA FHo| F
2

ol
P4 P2 GYPPL o) §3te] AslE SFA BUL

npp -1 -1 .. -1
1 1 -1 npp -1 - -1
Pt)= - ——— = 6
®) 202 npp +1 (6)
-1 -1 -1 Npp

9 gol 7% % Aok A7 nppt 714 MY ol FA RS A4 E e
@A PR F2A WA 5o FHE W A F 541719 GPS A4 AR g0l
o, 0y = f(Xa,Ya, Z4)°I Ch. WA vlA] o) ZE R S AFH & Xuo, Yoo, ZaoE & & AT,

2AR el Toylor F4ANE & 4 Utk o FA FFAAE shed 229 o 4] DAGE A
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XI(t) ~ Xao Yi(t) — Yao Z3(t) — Zag
- AX,y - - AYy — ———
Zio Y de T e
o] ©r}. g (5)4 & A9 @Y Fitete] o] FAEA | tE 2l & A E 4 Ut o &4
ol A% 3 A(dEEY AR diF HBFE S g lonz FEAH Be dg vk
%7] BEF Xpo, Yo, ZpoB AR S0hA o] AR R ZREH j AR drrAz o, & ALt 5
itk gl o] & wigte g &) RIFSF NG &

Qis(t) = gﬁio(t)‘

AV (M

AaNFg = A @i (8) — [oho(t) — ho(®)] + [25(2) — 24 (t)] (8)
oz F& 4tk 1Bz (54
A®ifs(t) = dis(t) + ANV + ANT) (9)

2 U 4 900, 04 2/t 78 ¢ At &€ 902 o P o3 e
shwl

s = An®p() — [dho(t) — cho()] + [€5(t) — 24(D)] — A1 Nz (10)

of ®rk o)Al 4709l 914 j kL, m 278e) 71 H 1,128 FHF Bk AP A (N o B3k (5)42
CEREERRC L

Phy(t)) dp(t) afs(t) afy(t) im0 0] [AXs
Bip(ty) akp(ts) afg(t) ajg(ts) 0 A 0 AYp
lﬂg(tl) aJXmB(tl a{,"é(tl) aZB(t]) 0 0 /\Ll AZB

(11)

lj[ p(t2) aﬁa(tz aYB(t2) aza(t2) 0 Ay O ANﬂlB
l]m (t2)d _ag{mB(tQ aYB (t2) 023(t2) 0 0 ’\Ll_ _AN/];;_
ol ©th. o714 j g0l 7| E AP LR oS US T F 5 len,

X5t = Xpo | X(t) = Xao

)
)
)
lf;a’cfs(tz) af\fE(tﬂ a{’kB(tz) aZB(tZ) Ap 0 0 ANZ?
)
)

aXB(t) N lecao @Jé
0
Y*(t) - Y, Yi(t) - X
ol = -~ TR (12)
A YA Zit) - X
azB(t) = - (275‘30 20 ()Qjéo 2
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23 70dE S/We BES

A8z HPozEs HAAAEUS lﬁﬁ}%{u} 4 Y2 23 RINEX(Receiver INdependent Ex-
change Format) @ e o] #5351 1} 4 4H =¥ 31Y & Bernese GPS S/WE £3) &Y A E #2383}
EZAEsYZ a8 gSoln, T 23 T3 ¥FA T 281 GPS AEI hE=T}
o5& T AYrle ABAAE s Folok e, dFE EFYRIZE g F 2o 2
HEE 71A B Aol A X3 Saastamoinen B A & 0] 8519 v} (Hofmann-Wellenhof et al. 1992).
3% 25 o] AdFelA LS S/W EExolth o] aeA YHREY IR YEE, [
Fob, AFAENA, AT &5 Fo] TgE

3. Xtz xz2l2t BY

YW 02 GPSE o §3te] U JHEAE A7 A w5 AYARE o g3he 7
%, GPS 1o 2REl 3418 A&} oe] AF ek 7)Ao o8 esE @49 Cycle SlipS
Ao} at=d), o] A& NE 94 AFE A _'Q'_—E"‘—z o}3te Zo] ZHo|B & Cycle Slipe] ¢l
£ obF el A8 E o) FaTh AEA o] &M HET GPS #EAE 7o mstel F14A
2] o 2.7km?l 1A 9] F#ZEA, 42.1kmQ) 2o, 81.1km¢] L=, 712} I 146.6km<] BE AL A] B
@ AR E o §3AUTH E 12 JAAR FolA HEY GPS BE29) 71E FEIHWGS 84)3} 1]
Aol 7] AEGE Yehlled), 71 AEge HL 5 5(1995)0M Qg3 v Hel 27 }),

F%& RINEX #5351 3= e PPH o2 239 FEL &3k

KAND WA AE N N HEU

E s Y, HENSHY
2SE NE M) CIg NG Y

[  Jdol At #An=S S |
[2ae=d H.,~0. Q=0 = 2712t | [

l LEEEET ETS |

l CEYYEIEET ETT

NO I o He waAw es |

Last Epoch Reached ?

[ Ol EZraE M2t Mol l AN |

YES
[Tas23q ag H a9w H'# 28] | o|= A WINE MM 1
[Tww H= 29w Qu= 38 =¥ | | FEr LR T LETS |
1. 32N "B X Y. Z 2 2042 AauaaA wyg H, QS AA(update)
2 | 3. Ambiouity 4. RMS 28t HEH, +ATPA, Q=Q +ATP'L,

29 2. S/We)

o
n]m
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@220 A2 AR AP 7] AER. (D9 meter)

g X% Y3 7% 714 A
HEY GPS #&24 -3120422.951 4086355.676 3761769.613 0
A Fa A -3119961.599 4084786.134 3763949.765 2725.662
o -3091341.645 4115747.818 3753746.765 42118.719
dF -3099827.406 4041789.086 3826274.277 81062.995
B @A -3243320.918 4008481.734 3743654.953 146616.514
F 2. Raxg 43 (9: meter)
A A Py az Popsurvey RMS 23 |AP)
i FFEA X -3119961.987  -3119961.600 0.011 0.387
Y 4084786.612  4084786.136 0.013 0.476
7 3763950.198  3763949.735 0.006 0.463
7147l 2725.693 2725.662 0.008 0.031
2o X -3091319.833  -3091319.469 0.066 0.364
Y 4115753.904  4115753.150 0.053 0.754
Z 3753751.358  3753750.782 0.031 0.576
714 4ol 42137.154 42136.988 0.071 0.166
2 X -3099683.679  -3099683.001 0.044 0.678
Y 4041702.785  4041702.240 0.035 0.455
Z 3826208.706  3826208.175 0.020 0.531
71430l 81094.974 81095.025 0.022 0.051
Bk X -3243270.716  -3243270.475 0.019 0.241
Y 4008395.568  4008395.073 0.018 0.495
y/ 3743651.823  3743651.421 0.009 0.402
71X 3 o] 146620.620 146620.732 0.022 0.112
BZ A oA o] &8 4241 7] & Trimble 4000 SSE & SSTo| ™, BEA] ZHE th ek 208 o A 40%
o, TEHAFL H 4 570 o) dolth Y 27|%E 7IA 2 a2Y 29] EEE uiwozE 99 4

A HANM A& AEE EUE ABAE Yt £3 B2 E 98 Trimbler}2] 2Ag A 8] /W
GPSurvey £ 2 %"ﬂ/ﬂ AAte A3tol A% vlwslgct 2 23 & 24) YeEh A=, o] AT
H A4 A3l 9} GPSurvey2 A4S 2F X W 9] X, Y, Z BAlEko] 50cm WA A2 Azl Et=

= ¢ F U 53] 71dAEE F 10cm 2l oM A A st

4. ZE % E9

o] ATE B3l GPS $iAd o2 HE] $415 & L1(1575.42MHz) ¥t53 A4 AR E o] &3l o] &

HE WAL S 41U E ANY F i SLAAE ALHAT. GPS 4 $419
£ s A9aEe] 4318, 192 0718 ERER 47lE AeAAE S nelsd ARE A
SR E AR Badel B FAe L1 0Es 90 4G §/WE AL, 4

BEXNYE A8l A T8 GPS BEwe A #E4 F9 il tixl e KAO(N36.37%, E127.37%,
H77.61m)9] X E 1A A7) X, o] 23 E 7|4 A2 oF 2.7km, 42.1km, 81.1km, 146.6kmeoll A T
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3 GPS AHE2E o] ATl /MLe 2ZEY R M2lste] Zhgel FadM Fo) AAHAEE 23
At HES 3 Trimble®] 8 2] 2ZE9o]Q] GPSurveyZZ 18| A L1/L2 ION Free 7]
Heo 2 Alie Anel 43 vlwstot. 1 27 7| Qe oA E 2T 50emy] 91 9] HAE Ve
ATE ¢ F UAAR 7dA R 10emf} oA 2 dXetn AR ch deiA o3 22 2E2& A
< UAH.

FA ZEAEE o] &8t DGPS W o ZFA ZHF D EIT A 4 50cm~1m & 73, o
Aol A 38 ul e} Fo] GPSe W&ot YAAREE o] &3t VI HHE & A ste 4 DGPSE
T AL AFHE B 5 YA £33 Cycle Slipe] g1-S Hole &e HE2A 7oA FaRo
ZIAHEE YA 2R T 5 AUk 221 v LIS o] 88t A A 3¢+ N4 AY
£ o] 2% ¢ £42}4(TEC)7} 10TECU (TEC Units)Q! %% MaskZ}o] 20°0 4] km% 0.8mm7} 7H4
Hoe S AUt B9 71407t Aol AFE o] 25 o3 HEx|Hol T2 expadez
A&gtte AL & 5 UAJT IS F(1996) o3k WEH e A= AsE i 3mel B¢ 7]
AE A 7144 o] 10~100kmo) A 2F 0.1~1cme] 27 Gt 2ejng 7jddo|st AAE &
AFE F7IERE o] A FUAEY S o &k drhm waEH, ZjdPel st HE AS F£417]
9] noisett B& 40 HH v 2HEG FAA A7l a7 2A FEHAT D BEH AT

o] AFlME &Y FFutS o] L3l erl, o8 o FF AL E o] Lot NP2 FS 3
o2& BEE 7I5tE A 24 F Qe MY, 2= v A4 Y2
. Wide-Lane @ Narrow-Lane 5 o 2] 7}x] Wby -& G sfof & Aot}

HuE#

Ha s w3 e, AFA, A71%, 2 E 1995, GPS #1719 A8 A §/W A2 (D)) &g A+
(BEEAR: 12)

HL 3, NFS, 2T 1996, F=FA 53], 14, 199
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