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Abstract

The study has purposed in evaluating experiences for achievable accuracy and precision of time series at 3-D
coordinates. It has been estimated from the kinematic medium-range baseline processing of Continuously
Operating Reference Stations (CORS) for the potential application of crustal displacement analysis during an
earthquake event. To derive the absolute coordinates of local CORS, it is highly recommended to include some
of oversea country references, since it should be compromised of an observation network of the medium-range
baselines within the length range from tens of kilometers to about 1,000 kilometers. A data processing procedure
has reflected the dynamics of target stations as the parameter estimation stages, which have been applied to a
series of experimental analysis in this research at the end. From the analysis of results, we could be concluded
in that the subcentimeters-level of positioning accuracy and precision can be achievable. Furthermore, the
paper summarizes impacts of satellite ephemeris, data lengths and levels of initial coordinate constraint into the
positioning performance.
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delay)a} AltAdo] ol o} A 7] Als]4(static baseline
analysis)ol| A= 9Jo{(redundant) T[] S AL-E5l0] 3=
Asto] s Astch(Lee et al., 2008). 121} 0|9} - GPS &
71484 HHAlS 5417418l A(kinematic baseline analysis)
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¥ GPS 4=41719] 5 #|(dynamics) 745 W12 7 Hs)A Az}

A
of] S-43] Whgste] AlEjnle] =29] Fete 2 5222
ZA o] 7531t (Lee, 2014).
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AFEE) ol a4 Ane} AT S Helmert ¥EHE
4 W] mato] o4 2] ZhEo] g 29| 1GS 7124 |
A SHAE ALE 98712702 Adeaie 13 v
A7) 41814 ATHET} ol FA B0 S ol gsto] B2
So) 57 HRE 24k A0 o] BoAdA Haj4 2
& 43 (weighted constraint)slo] 524 34 AUEE gF
A} A7=2 strk(Lee ef al, 2014). SR A 27]%E 0
JL2:0] Mol )2 Sof] 9]k GPS ¢He| U] -2 (dynamics)
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Troposphere for Integer Ambiguity Resolution
1
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with Application of Deterministic Model.

1
| Estimation of Float Solution to Derive Initial Coordinates & |

1
Ambiguity Fixed Solution to Obtain Initial Coordinates and
Troposphere

]
Helmert Transformation and Comparison to Select a Stable IGS
Station for Kinematic Estimation
7
Final Kinematic Coordinate Estimation with Constraining the
Initial Coordinates

Fig. 1. A procedure of midium-range kinematic baseline
analysis in this research
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Fig. 2. A GPS test network for kinematic coordinate
estimations

Table 1. Definition of baseline for relative portioning

Baseline ID | Station 1 Station 2 Length(km)
CHKA CHAN KANR 7277
CJJF CHJU JFNG 1,182.5
CJPU CHJU PUSN 302.0
DAKA DAEJ KANR 202.0
DAPU DAEJ PUSN 200.8
DASE DAEJ SEOS 89.2
PUUD PUSN USuD 845.8

3.1.2 4ol XMz| & 2AMH

AHS 913 1GS dlolEt BFALATY dloelule

(ftp:/nfs kasire.kr) 12|11 HEXAZHHY GNSS uo]
A|(http://gnss.ngii.gokr)S =& FH3}Gch T=tolE
L 20154 109 42 ~ 102 (72) AATA 302 A4
o 20159 1092 72(DoY: 280)9] A47HA 12(1HZ)0! 15
B2AGS)Y INZHAFEAYAEY) ©¢ Rinex(Receiver
Independent Exchange) u}Qo|Qit). o]& 1Hz djo]g] utd
2 GNSS Hlo]g A2 Teqe S'W(UNAVCO, 2016)E- ©]-&-
3l GLONASS 9 Galileo 9JAdlo]E| & A5kl sl LA}
of thall shte] sz Adtstglon, wEa 174 it
Rinex ¥ 37]+= 80Mb W Jich

GPS =t o]E]+= BERNESE Version 5.02] BPE(Bernese
Processing Engine) S AF&5}Fo] 253} 2] 2|5k9ck 72719
302 AR HolES olgetol B4 AT HekE
7VE St 712ERE A AL o)5 28] Jung and
Lee (2011)2] Zx}9} HH-S #A-8-3) 27tal(daily solutions)

5 AHsE 3 7709 A7ksl AR Al (normal equations)

& FAsto] 712A1A 109 7 124]0f] tfgt £113]|(weekly
solution)2 ARSI TS} 7|& 2 H). Fig. 3= 77119] Uzt
3] REEAEd-S EAsl] flel #2HAE EAIRE Ao

o} olelgt Ak iE FAHE Y 1A s1Ee 271
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o] B o 4= 9l
10 T
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sl I Vertical
+6.2
6L
E +4.7
LT +3.4
Ll a2
0
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Fig. 3. Repeatability of the daily solutions

DoY 28022] 1Hz GPS H|o]E]+= Fig. 12] Ax}of ule}
BPE°] oJsf #4538t @8t 1702 IGS 7|&ell sl =
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TE ol Akt AaE % HurAe] et FY

E=oF S 7= 840l sigste A=, HlolH
of, 27|3E F4HAE 77] T2 Bestel GPS Ae
2 2galn 1 Qe BEAsTA skt ARz E
(ECEF: Earth-Centered and Earth-Fixed)2 F%J3t %=
Ho| EAHE AALL 7|2HES} 2jo]2 Aakete] %
=22} E A (local-level coordinate system)o]] thal H&
(N) E/‘1(15) 2 A Yo FHeet Hoe
s A At A Foll o FA%

]7—.% o] AA7] wjFof =4 x| EFHA|(standard
deviation) & AT | F 2 ARSI oo whe)] e
(accuracy) = Egs. (1) and (28 0|8:8}0] =83} -2
9] RMSE(Root-Mean- Squares-Error)& AJAtslo] EA 5}
FTHEFGDC, 1998).
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where RAMSE, and RMSE, is in the horizontal and
the vertical component, N,, E; and A, is the northing,
the easting and ellipsoidal coordinate of the estimated
kinematic coordinate, N,,, E,,, and #,,, is the northing,
the easting and ellipsoidal coordinate of the reference
coordinate respectively, n is the number of sample to be

evaluated.

3.2 _?_|A1.'|I:I|EE1 Gl%F

3.2.1 1GS ¥2HE=H(IGS, 2016Db)

GPS Al 7IAdA=A A= 7SS A
(baseline-dependent errors) £2] slut= £7]4 Ao A=
AU =2 (precise ephemeris)S AF-&-3fjokstct dA) 1GSo
A HAA) BESHE oF 300070) A HolE
137]2] A AlE oA Ed o 2 Ae)st At E 7 EHo i
A6 g Aslsho] FTPE 3 XﬂJ—O]—"’ Q)t}. Table 2= 2016
g 1Y @A IGS7F Al sl = 3714 Hl==e] FRet A
e 231 A XS 8RRt Zloftk oA A=
i o Zkexpected) 292 Al9latne =Yl o]
A2 (laser ranging) 220l tha AAEE 1749] KA Ro
RMSE o]t}

IGS A= Z ultra-rapid T L2 o[ d A dut=2 5
o3t 357} dlo] el A2l 8 B 47 L ito 2 Aol

ek A= A glo] F5ol 7k st AR 7 3~94]
2t ol %ol Algg 4= Ak o]’ o2 -+ A= Ao
L ofouj zto)7} Qlet. ¢l ultra-rapid A= 0]9] 2] LpH ]
7R = A & Apol7t glont AREe A} A Hofl= ultra-
rapid?} rapid?} final Afo] & Z2] 2}o|& Helth o]e} 7

0]-8-& PPP X|2]o)| A= & ATt rapid ©]42] F| =8-S AF--3)
of gt} o]of| Hial| A< o A= ;‘(]_ HO =3 olXA]
7t x5 A7 7} Sho] 2| Za} 2o FAGH ;(lz]—tﬁ% oI5k
O] 41453 24 =2 GPS 7]4&01]@ ZAIA ]z_}zj A
T 2

FAole AAIHA o8] 7hs

e e
7127 AlEje] 9 Fig. 4
3hi= 34171 GPS Ho]e]

3 5350] 473} S5k 217) 3o lemt 45101 2}

%)
inj
o

Table 2. Summary of IGS precise ephemerides

Sample File Names
Types Accuracy Latency Update I | .
nterva Description Format
Orbit ~5cm
Ultra-rapid . at 03, 09, 15, . Precise orbits & | .
(predicte dlialf) Clock ~3ns RMS | Real Time 21 UTC 15 min. clocks iguwwwd_ hh.sp3
~1.5ns SDev
Orbit ~3cm
Ultra-rapid 39 hour at 03, 09, 15, 15 min Earth rotation . d hh
(observed half) | (lock ~155(;)pssl})MS oS a1 uTC : parameters lgwwwwad_hi.erp
~50ps SDev
Orbit ~2.5cm 15 min. Premsle; (C)lr{lzlts & igrwwwd.sp3
Rapid el sz ute :
Clock ~75ps RMS 5 min. Earth rotation igrwwwd.erp
~25ps SDev parameters
Orbit ~2.5cm 15 min. Prec1§§) glr(t;lts & igswwwd.sp3
Final 12~18 days every
~75ps RMS Thursday Earth rotati
Clock ps 30 sec. arth rotation igswww7.sp3
~20ps SDev parameters
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-Horizontal RMSE-

Vertical RMSE-

LS o) NG Stations s ot NGl Stations

-Horizontal S. Deviation- -Vertical 5. Deviation-

IGS Ref. 1GS Ref.

KAl
CHI nei stations

K
CHIV Ngil stations

Fig. 4. RMSE and standard deviation of the estimated
kinematic coordinates with respect to IGS references used
for final computation
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Table 3. Statistical summary of kinematic coordinate estimation with respect to IGS orbit type and processing period (unit: = mm)

24 Hours 12 Hours 3 Hours

Station (%;glet RMSE S. Deviation RMSE S. Deviation RMSE S. Deviation
Hor. | Ver. | Hor. | Ver. | Hor. | Ver. | Hor. | Ver. | Hor. | Ver. | Hor. | Ver.

Final 8.1 9.8 7.1 6.8 7.1 11.1 6.9 6.8 7.3 12.9 6.9 6.8

CHJU | Rapid 8.1 9.9 71 5.6 7.1 11.4 7.0 6.8 7.3 129 6.9 6.0
U-rapid 8.7 10.1 7.1 72 7.6 13.5 6.9 6.9 8.0 15.1 6.6 5.8

Final 7.7 8.1 7.1 5.6 7.6 7.4 7.1 6.0 6.9 10.1 6.3 49

KANR | Rapid 7.6 8.0 71 5.6 7.6 7.3 7.1 6.0 6.9 10.1 6.3 49
U-rapid 7.5 9.9 7.1 7.1 8.8 13.4 74 5.5 8.5 39.8 6.8 5.1

Final 53 13.6 5.2 5.6 57 16.7 54 5.6 52 14.0 5.1 43

SEOS Rapid 53 13.7 53 5.6 57 16.7 5.6 5.6 52 14.0 5.1 4.3
U-rapid 5.1 14.9 51 5.6 6.5 214 5.5 5.6 7.1 359 5.1 4.2

Final 8.1 77 7.2 7.1 74 7.8 73 6.8 7.3 6.1 73 5.8

PUSN Rapid 8.1 7.6 7.2 7.1 7.5 7.7 73 6.8 74 6.2 7.3 5.8
U-rapid 8.4 7.1 74 7.1 7.2 12.0 7.1 6.7 8.1 22.6 7.1 5.7
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= EREe] T1A0] Blsl| LA WobA] ultra-rapid #H| =2
AL +lem $:39] A3hw Hsly] YaA 244)7F
Zd|o|e]7} D2s}ck Rapid 2 final #| =8 =Uo) A
Z‘r°‘ 013? Zl%l‘nl 7] wiZoll daof whet 1 43 Heh=
2§ 7hs & Aolok. whor Baof wpet 4
919 s Afe] %2—10]3}?‘; AHESHE Aol w2 Yol
719] 917] Wi Eo]| ultra-rapid A =3} ©7]7F GPS Hlo|EE
o] g5t A& AR E FHT 4= St} ZLeLf Table
37} Fig. 59} 69] Aif= §4 FEF% %%’46]1 Z27|1FRE S

By} 2220 A 3eme} lemE &3 A2 o2 2 AL A}
88z 74 Aol 7HEAYE 4= gl Ao lE}

fu 4 R do b

-CHJU- -KANR-

- U-rapid - U-rapid
Rapid - Rapid
Final Final

-SEOS- -PUSN-

U-rapid e U-rapid
~~"  Rapid - "~ Rapid
Final Final

Fig. 5. RMSE of vertical component with respect to
IGS orbit types and GPS data lengths used
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Table 4. Statistical summary of kinematic coordinate estimation with respect to data lengths used (unit: = mm)

Station CHJU KANR SEOS PUSN
Data RMSE S. Dev. RMSE S. Dev. RMSE S. Dev. RMSE S. Dev.
[Eglrgst)h Hor. | Ver. | Hor. | Ver. | Hor. | Ver. | Hor. | Ver. | Hor. | Ver. | Hor. | Ver. | Hor. | Ver. | Hor. | Ver.
24 65 | 119 63 | 56 | 66 | 102 | 51 | 58 | 46 | 156 | 44 | 49 | 92 | 53 | 73 | 51
18 75 | 180 | 70 | 57 | 63 | 129 | 49 | 59 | 54 | 196 | 46 | 40 | 90 | 56 | 71 5.0
12 85 | 158 | 61 | 59 | 95 | 125 | 50 | 56 | 82 | 211 | 43 | 49 | 76 | 119 | 73 | 51
9 83 | 115 69 | 58 | 60 | 89 | 49 | 57 | 54 | 245 | 45 | 40 | 78 | 89 | 71 | 53
3 77 | 160 | 58 | 52 | 75 | 393 | 48 | 57 | 57 | 374 | 41 | 40 | 100 | 224 | 70 | 54
1.5 2531701 | 6.1 | 48 | 175 | 331 | 47 | 48 | 23.6 | 248 | 41 | 3.8 | 17.8 | 90.6 | 7.1 5.8
075 | 433 | 1592 64 | 53 | 183|920 | 45 | 48 | 205 |8.5| 39 | 37 | 358 |1563| 6.2 | 6.0
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Fig. 8. RMSE and standard deviation of the
estimated kinematic coordinates with
respect to data lengths processed
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Fig. 9. Differences between reference and estimated
coordinates at PUSN using the three different data lengths
with coordinate uncertainties of 3cm and 1cm
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Table 5. Successful rates of ambiguity resolutions with respect to data lengths used (unit: %)

Data Length Station IDs
(Hrs.) CHKA CJJF CJPU DAKA DAPU DASE PUUD Average

24 95.7 78.6 88.7 95.9 90.6 98.0 97.8 90.2

18 93.9 82.8 87.8 97.1 923 91.4 93.9 90.5

12 96.2 86.7 87.5 929 93.5 96.4 923 917

90.9 82.9 82.1 95.8 96.3 95.8 90.9 89.9

83.3 89.5 100.0 929 100.0 929 917 93.0

1.5 50.0 66.7 60.0 100.0 100.0 90.0 77.8 78.8

0.75 571 100.0 80.0 100.0 100.0 100.0 77.8 89.1
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Table 6. Statistical summary of kinematic coordinate estimation with respect to level of uncertainties of reference coordinates (unit: = mm)

24 Hours 12 Hours 3 Hours

Uncertainties
Station RMSE S. Deviation RMSE S. Deviation RMSE S. Deviation

Hor. | Ver. | Hor. | Ver. | Hor. | Ver. | Hor. | Ver. | Hor. | Ver. | Hor. | Ver. | Hor. | Ver.

lem | 0.5cm| 71 7.8 53 29 5.8 120 | 52 27 9.0 13.4 | 50 24

3cm | 1em 8.7 10.1 7.1 7.2 7.6 13.5 6.9 6.9 8.0 15.1 6.6 5.8

CHJU
Sem | 2cm 8.7 13.9 7.4 12.2 7.9 16.3 7.2 11.5 8.3 17.1 6.9 9.7

10cm | 3cm 8.8 15.6 7.5 14.2 8.1 17.6 7.3 133 8.4 18.0 7.1 11.2

lem |0.5cm| 54 8.5 49 2.2 6.8 11.5 5.2 2.3 72 | 354 | 4.6 2.1

3cm | lem 75 9.9 71 53 8.8 13.4 74 5.5 8.5 39.8 6.8 51

KANR
Sem | 2cm 79 12.0 7.6 8.7 9.3 15.8 7.8 8.9 89 | 40.8 73 8.4

10cm | 3cm 8.1 12.6 7.8 10.0 9.5 16.9 8.0 10.1 9.1 41.4 7.6 9.6

lem |0.5cm | 3.8 13.9 3.8 2.5 52 | 203 | 40 24 64 | 31.6 3.6 1.7

3cm | 1em 5.1 14.9 5.1 5.6 6.5 21.4 5.5 5.6 7.1 35.9 5.1 4.2

SEOS
Sem | 2em | 53 16.5 53 8.9 6.8 | 23.0 5.8 8.8 72 | 36.8 | 54 7.0
10cm | 3em | 55 17.2 54 10.1 69 | 23.8 | 59 9.9 73 37.3 5.6 8.0
lem |0.5cm| 64 2.9 53 2.8 5.1 11.2 5.0 2.7 6.8 19.1 5.1 23
3cm | lem 8.4 7.1 74 71 72 12.0 71 6.7 8.1 22.6 71 5.7
PUSN

Sem | 2cm 8.7 12.1 79 12.0 77 14.3 75 11.2 84 | 23.3 7.6 9.6

10cm | 3em | 89 14.1 8.1 13.9 79 15.6 7.8 12.9 8.6 | 23.9 7.8 11.1

-Horizontal RMSE- -Vertical RMSE-

-Horizontal §. Dev.- Vertical 5. Dev.-

Fig. 10. RMSE and standard deviation of the estimated kinematic coordinates with respect to
uncertainty levels of initial coordinates; 12 hours of data was used for the processing
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