e ket 2] A6 A1105(Vol. 36, No. 10), pp. 825~832, 2012 (pISSN-1598-5725/eISSN-2093-8470)
Journal of Navigation and Port Research
DOI : http://dx.doi.org/10.5394/KINPR.2012.36.10.825

GPS A &9 HFA AAYH AAAE Y47}
429 FBE Y B

=

Generation of Grid Maps of GPS Signal Delays in the Troposphere and

Analysis of Relative Point Positioning Accuracy Enhancement

* Dusik Kim - Jihve Won* - Eun-Seong Son** + Kwan—Dong Parfc

* % #x Graduate school of Inha University, Incheon 402-751, Korea
w1k Department of Geoinformatic Engineering, Inha University, Incheon 402-751, Korea

8 ¢ uFHY AxTtAs @ FE7)d 98 GPS 2139 (AL GPS 29 AIALEE AFATE FL Ao E AW 298 YA Hi=
Al A OFE diidolth o] =AM E AR tRH AAHRE At GPS F9lo A&37] oA, tiFH AAAR AP daEF
o 7HEA S Totslr] 9la FA e Ve R o] GPS A #SHS o] 85te] StE Ao oiFd Ad% AR AxE A AAES
TdaAE GPS A uAH T AZES = GIPSY 505 AMESIA AL, AZAAFT FEAAFS FE3to] &3] 913 dae] AWS #=
W] B3 s E o] &stdth dFA AR t A AxE AT F AR Aro] AgwE A5 Ay, AR Aot GPS #HEA
Al AEE FE XA %] RMSEE ZHD 0.7mm, ZWD 7.5mm, ZTD 87mmz Yebth A&d hFid AA4R S gdFa<s 7|6
A E9 daEgel Astel i AAAE BAGA FAARGE P ARE BASAY 23R SRS = 7)1 A 7 oF 297km?]
FASUWN)Z EX(MKPO) 9] Ao AaoA Aol 36%7F FHES 308 4 Asich
;Ago] ¢ GPS, dFAAA, A2AA, FHAA, AAGA =

Abstract : GPS signal delay that caused by dry gases and water vapor in troposphere is a main error source of GPS point positioning
and it must be eliminated for precise point positioning. In this paper, we implemented to generate tropospheric delay grid map over the
Korean Peninsula based on post—processing method by using the GPS permanent station network in order to determine the availability of
tropospheric delay generation algorithm. GIPSY 5.0 was used for GPS data process and nationwide AWS observation network was used
to calculate the amount of dry delay and wet delay separately. As the result of grid map’s accuracy analysis, the RMSE between grid
map data and GPS site data was 0.7mm in ZHD, 7.6mm in ZWD and 85mm in ZTD. After grid map accuracy analysis, we applied the
calculated tropospheric delay grid map to single frequency relative positioning algorithm and analyzed the positioning accuracy
enhancement. As the result, positioning accuracy was improved up to 36% in case of relative positioning of Suwon(SUWN) and
Mokpo(MKPO), that the baseline distance is about 297km.
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AR =A He di A A4 dde] #4d diFd 14
o AxAAY FHRAo g FRAT(Davis et al, 1985). ©]
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Fig. 1 Flowchart of GPS tropospheric delay grid map

generation method
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o714 ZHDE 2 (2)5 o838t 4&d 4 lth(Elgered et
al., 1991).

(2.277940.0024) P,

ZHD = 4 0026600526 — 0.00028h @
714 P BE47)HhPal, o BEL YE, hE BE3L
EF A A [m]el ) vHA, AlF3HA wolrl At 5719 A
A gAERro 2 Hek S FAH3] ofH7] wiol HEA
WA S AlgsjoF 3 th(Hopfield, 1969). A& wlo] <3
ZTDE 8% AxA A= AHD(A priori Hydrostatic

2~ O

Delay) 2} A% &&x A% AWD(A priori Wet Delay)2] &
oz A (3)3 Zuh

ZTD= AHD+ AWD+ ZDC 3

21 (3)ell 4] ZDC(Zenith Delay Correction)™= A& 2 =4l

o e A oT GPS AuA e A FAHTc gyt
Ao Z AWDE 0.1mE AFE3sHH, AHDE 2 D& °]&31¢
A2 3 cH(Webb and Zumberge, 1993).

AHD = 2.29951¢ 0001167 )

AN hiz BE2e RE[kmlE SJulEt 4 @) A(1)E
AR 4 G5 ol ANTY HRALFE AEY F AUk

ZWD=[AHD+ AWD+ ZDCl— ZHD 5)

2.2 GPS &2 7|48 dd 9y

% ZHDSF ZWDe| A2 T8-S 9eixe 714 3= »77)
Zaslt) GPS A& 714AAM7 gl &
FH 7148 e

S, =ex 9 He -1 (6)
6= P o87.04(273.15 11, +e,,
P[ll
Po= e @

2 (6)A Sz GPS #5249 sdd A HhPal, g= T
#7145 m/sec’], Hye GPS otelU74A o] sk n=[m], ¢,
Wt o6, & A7 VetE BARCIY 5719 BARC]
S ERdITh A (7)2 GPS #3249] 713K P 4
S 2 AWSS WINPT HA =S
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rlo
o,

U

274 4 ATHA, 201D).

o] AFA = GPS #5474 RE 8437 A3 Fig
29} Zro] FH AWSZ Y #=4 7|4y 7|28 dauAd
WY AERIPHOR GPS A HEA Rl V| 7o
2 323 & dIAZ7IFHE(Inverse Distance Weighting,
IDW)2 AHg-3ke] B.2H3F (7, 2010).
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GPS AEe] e ADHR A= PP o)

HFd AdEFS AET 5 AR FEAAN 9% eAE
2787] S = FEAA dE n=d wdge] dad
Ao R et

Table 1 RMSE and mean error of tropospheric delay grid

map(mm)

SITE ZHD ZWD ZTD

RMSE | Mean | RMSE | Mean | RMSE | Mean
SKMA 1.0 0.5 35 1.2 46 1.7
DAE] 1.0 0.9 11.7 -10.9 10.8 -10.0
SKCH 0.5 12 45 29 7.9 4.1
MKPO 04 -0.1 10.7 34 105 32
Mean 0.7 0.6 7.6 -09 85 -0.3

ARt o 2 kA AkEd
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i)

=9l (relative positioning) &Lzl 2-&sto] 914 &=}
At FE=AE EAsT AdEels A4 Axs
41 9l VIET e FAV] ARE VIEORE ol FHe F417]
FREE 3= Y ol tH(Hofmann-Wellenhof et al., 2008). 4
&9l W g B FATIREY] AREE Sell B
Aol FEE GPSY] eALAES AAT F e FHel A
ot 53], 7Ie=3d ols=e] 71487t 10km oY A%
el o4t QA= FEAR UNE 2AHE 5

71747 (SKMA), tH#(DAE]), 4%(SKCH), H3¥(MKPO) #
%28 AgSY BEa 94 Fig 4049 WR0]Z
sk Q(IEH) T 2 A7), relvel UE Fu L FE
= Table 29 2ol 7|47 7L HE M2 ehygik 9
AED AR AQYR AR RE 1N EAR AERGO
.
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Aguol o 942w WS vels] 9Ad)
AE9) F dFd oAE nAsA 2 A ugH

~

g =9 Aol i 4 e abe} 3242 RMSES Fig. 73 2
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o] UEtNRAtt Table 39 A¥el Zo] tiFd AAGHE B
gat7] Aoz 714do]l 7t E 33k RMSE7L S7hehe=
.ol GPS FuiSelelA 71472

ZaelAs FEHA Gskth 2y 71dA7E G es
N EHZ BE #5504 329 RMSEZF @48 24+
A2 A & Atk 53 BE B3ae 4% 3D
RMSE @7d-&°] 36%¢°l 2ah= & FAd 5 slich 714
A¥ o #5290 49, 3D RMSE 3488 &2 ey
o3le] Fewrt Askd Ao HY F= glon Fig 79
SR oAt EAA gFd oS BAeA e AaelA
Ehts eabse] i Ad BA Sl el sdate A
S AT 5 ANk

Table 2 Reference station and rovers of relative positioning

] Latitude|Longitude | Height | Baseline
SITE |Receiver | Antenna distance
[°] [°] [m] [km]
Trimble
SUWN 37.28 127.05 83.85 -
NetRS
Trimble
SKMA 37.49 126.92 | 61.70 27.04
40005SI
- TRM
Trimble
DAE] 20659.00 | 36.40 12737 | 11684 | 101.33
NetRS
SKCH | Tyimble 3825 | 12856 | 4606 | 17156
MKPO | 4000SSI 3482 | 12638 | 6438 | 29745
Table 3 Result of relative positioning
Before Trop. delay After Trop. delay .
SITE correction(cm) correction(cm) 3D RMSE
3D RMSE| STD |3D RMSE| sTp | Imp(%)
SKMA 39.34 22.52 42.29 23.50 =750
DAE] 80.77 37.04 84.98 42.52 -5.21
SKCH 85.88 46.48 60.79 35.05 29.22
MKPO | 141.76 64.14 89.94 47.26 36.55
kA 7] AE I AR #e NAAHTY gd BE24
o] A% diFH EA o FEFRE AGEE dF FYA
2 5 et A 349 AT 4E AdolA) FLE P
e ool A A e AT F AT oloh ol HE
1o M ulFa AAFEY Hgo] F ZHE YERA Kt
Eoolft Aol AgE 29 AneFol 49 BELE )
T o2 gk AdiA g o] wiitel 714 ATt AdA
o FE A4 A A9 dRA A oA BEL
A2 2A50] WRA AdY 4§ TAsb xR} Bxo
ARt #A5tE 7] Wi Aow AaEgdrt 7| AA g A
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