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Abstract

More recently, multiple reference based RTK GPS techniques(VRS ; Virtual Reference
System) are becoming increasingly important for many precise GPS applications in many
countries to overcome the constrained distance limitations of standard RTK systems. The
precision of the position solutions of the rover receiver is closely connected with that of the
corresponding virtual reference points(VRPs). The objective of this paper is to investigate the
accuracy and performance of the VRPs on the test network for static positioning in post
processing mode. For this, some VRPs at the inside and outside of test network have made in
post mode, and the overall analysis results were presented by comparing the solution for the
VRPs from the existed GPS reference station with the true values of the coordinates used to
produce the observation data. The results show the reasonable accuracies of VRPs in the
network area by using the VRS concept in post mode.
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AY GPS ZF%(em F o4& HdM= w4m Y (carrier phase) FZFE A3t oF Fct
AAZE 4 GPS FYRTK)E w43 H’B«] E A 4=(Carrier phase ambiguity)7} ©]% Fol= AF
AZ HHEHE FHon-the-fly ; OTF) cm 59 &Y AYZE AFY + donz &4 A4, T34
ZF 2 g F o8 FEEANA 2 a7t FUHZ e FA ok 53], AR AEEH
717484 213 o A o] F A (double difference) -&"‘-4 R 3 A9 (ambiguity) 242 vl$ 583 FA o)t}
o]Fat B/Egkol Ui MY E, YAHAE € dF de IS FH 2 ZIAAY FHE A A
HHoz Fdsn oy 7]"*-4 uh ko = %"5% “’:T‘EE}. E3%h, Multipath®} 2°] GPS 41719 A
Aol FLEE exe FFL BEAL] HEFF 4 Eﬂz—is’_i 2 932 FA g oA, 71AAY
7b oA #AEAZto] FolAFE AlFLAY FABATE AstH] HH3] AAHA ¢, o2 Qs
4 AXY Fgxrt dojx mEAs 4L 791} A YAA HH 28 FAZYEE FRY F
fA "ot 9 JIEFE 8% AA% Y 59(Single Reference RTK GPS)ol A= olF F(OTF
; On The Fly) 3359 &4 Fdo] #F oA HAAl Ar|d wme gFaAnt, BE 714dAg
10km o2 =Y H4 $ R A4 € (Epoch = 1%) #2 A8E W2 v} (Wanninger, 1999;
Fotopoulos, 2000) #HZ GPS AA#Z4 ABE &83d 7]dde] 2 w3 F45d o1, & Ags
A4z, AHAELA) R UFE: ANJdA 5& 2d3stn £3 Multipath L8 ¢3AA 7142 0]
T mE R3PS #Ae RFE FAAINEEAN YT E FYANY F JE AAT FAY 9
AHl 271 59, &, 35, 24949, 9T FAM F74H 7R FL& A9y gE=2 4438 Hu gl
©}.(SAPOS; Park, 2003; Petrovski, 2000; Lachapelle, 2002; C.Rizos, 2003; Zhang, 2003) @A7A 7|
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¥ GPS Al #5o] ZAZ RTKE Multi reference station Positioning, Wide Area Positioning,
Network RTK, ¥+ VRS (Virtual Reference Station Technique, 7137 H)o 2 Hyso] HEHn
Row, GPS FABZHA AFE 0|38t 7|EW ol AT Ao 73 Hol g Code L uHE
g 9o BARE ARSI ol oleFoR 41819 AgHo AN JXNE AAS A . @
A, Felves FEXAZLY, FFRXE 5 874 7|FolA F 807MA9 GPS AA#HELE A
AR-F&3tn 3 FIt 7NN EZA Y 8-S FYsta Juh. 2y g FEEops ATy &
ol W& GPS dlolg 989 F A AR AFAF A & 2 AU YAAFHA g
8459 877 Frkstn ol utel I7MF AdoMe FF7IE L Iy ARl A A&F GPS
BABEL ol § WIS viESIE FU GPS AABSA HolE AMHAE 7233 ZE YABSAY
THE T HHsE Aulx A 2" FHo] A QTFHE AlFolY.

o

AFANE HA Y F99EA GPS FABEFE o 8F Network RTK 71¥ol M GPS 44 %
=do RE 428 HUEA A2 FYEE uR AESEH 20 At olE Astd BHY
oA ANEEE A, AF BEAEE HEHL FANVELF Y BELE 1P A
2R AN Batel RES MG B2 T, HSH HEA H8E olgd AE 2 S 4
o @ AT HAEARY AN HFAUAE M T DBV, EF GPS FAVE2E THE B
P 0 sy 24 9@ Y BEYE DAY s GOz /& 399 GPS ¥4 BEH
AEE V5L AT L AY70F] RFES ML PR

P Hox N ok

2. Network RTK &%

Network RTK &9t o8 719 GPS AAN#ASFA AEE o]l olF= A2 7MdHE 44

AA olF=e BELF A AAE =RHEE VHeR A8 JEFEY #F A8E BT AMEEEE
gdd 7IER S0 vlE Az AT o]gAdol wuh. EF JEHSY BSEUET ZEFo=EH
Aol EFAY FHACE Agd LAY SF, dFS, 94 AR)E 22¥ & £ o olFgHY
228 EY £ Ut vEYA 7|FH dutald e Hx 34 (Partial derivative algorithms : PDA),
A8 RB7 (Linear interpolation algorithms), A% ZA(condition adjustment), 7HM37]FH W
(Virtual reference station methodologies) S22 T8 4 U, olF A A 71X @y AAH
Hog vggde BAANE AN st Aol viAT AL JMVERY AdE =9t BAAE
A E FoA Aol7t Ao, HENIF 7|EH FdA FAAT AFEHE GPS FAFZL%
dA&Ho g AAdH o] FAAFANE MEYIWY 7IEHEY ASE ol&dtd HA4H F417]
o AA &, 94 AR A, AF % dFF L3 T e F8 oAYY RAANE FAHL o
€ AF3l st ol G oA FAFLEZHN ojF T &Y ALE AIHS FAAIY.
VRS 7|42 737 1&3d 23RS 9% GPS A #3429 N9y Ad HHe wet 71& RTK #5#@
W systematic LA (A F, dF3 € AFAEE)ES RdYHs FAANE LXAE L2ARAY F4A
7 OTF %713 @ Carrrier ambiguity 34 A& @F A7 FHel I 71€ RTK §%F9 2=
T olFRT AL AYE FIAA AR LS EE, 1UY 2579 F2 15775 FA7] B F
< AYEE 58 ¢ A& FHol Ak ¥y Network RTKY ZA$% 7|83 3 459 849
(Multipath, 301§ 71% 9] <telY Al @& Phase 49 W%, 71€ noise) Tl W& Ao J3F
2 H3 2ok A o)t} (Retscher, 2002)
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2.1 Network RTK Zt2io| &R H

M2 BEARE GPS BABEYe BEAEE 22 E 13 2L IPUAE Bl A
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ZE. 19A9M GPS ZAABRZAY ARE o838y 7|FHT o|FA2A(DDA]) € Ay 234(Le)
& FAG ¥, 2dAdME BE29 AYUARE #8438l 2EAH4 N1, N2 2 Nc(N3, N4 5)& 3H
sl 3Pl E AAE E35ASFHY vty A d oz B BAY #E AR FHESE A
24028 AAE 9 Epoch B2 L1 L2 w449 A3 WH AAAEE FE A4AsA €.
E 1. 7714 Age HAFA @A
oA F A
) GPS #Al#&E2 28 3
717 DD ¥ Le (L3, L4) &4
9 REAL AR
(DD9] N34, Lc9] Na#i|4)
3 &L U AgEs 2L ANk oA A4
(Ho] &, Aguzt, a2, 73712 3894])
4 Ag)E&0z 9 Aozt Bk 2
A3t (FAXAY, A28
5 T AN 2 AYEFEHeA A%
#AEY G0 gk 23k BAZY AFo] sHHA ALEA Ao hF AW 2z BAHFE AEF
Ql WAooz wiE & st o] &xlol A Afsjor gt @A AlE FU RTCM ver.2.3 AELIE
2o A9E dd 7NEF BAY A4 ALOZA Network RTK BAFL A4 4 oz 564
o Fo] AbAo] RARE HEAA HFHY BEAZE BEY A48 AHY =& Network ZRZUS ¢

34& T8t ALgAA Agstofor stk w4, d RTCM ver 2.3 Z2EFS
AL8E A, MRS BEo] BRAFRE Aol e Z1EFH ol T At dAYYFE 2
AQl £Y9AHRE AFsE Aol EFE RTKY 7]E/dolmg o] AL o]F= A 7IAAHL wER
o] A ZAAE AojFog FAslof stz PYF FAAMAN Fzdoln FA AMRAIL B
S A% TATY 1y 508 FA AMEAS Aol A ®rh 22} Network RAFZRE HAE3
F RE A HHe RTCM Z2EFo] 28" 2%, 9y $AUCeE Network RTKS #HE AF
o = A BTl (Keenan, 2001; Euler, 2002; Hu, 2002; Vollath, 2002; Cruddace, 2002)

3. #=Xs &= ¥ JHAE MY

B ATE 98 vF uARE ZEFAA 982 des GPS AA #E59L 29 19 o8 #3524
% 3709 #Z4(ADR] BRIG ¥ SIBY)Z A g (239 A1y HA39)& F4389 TTC(Trimble
Total Control s/w)2% 8 428 Ul ¢ 9o zZtzk 54 ¢ 339 71 #FF o2 714 7
Aag AEsta(ay 1) SIBY £3E nAAR 3 ANAAZRE A 7]H 2 FEHES
HAg=E v AE3Y. (MDOT, http//www.mdotcors.org/) VRSI &3 2z1d 9] 7135184
ZAAR A" sHEdol VRS, VRS7 @ VRS8H =4 4zhd 9l&o2 ¢ 5km AL YA 3
7 BEH Bt AAFZA ARE 20043 29 15YU(GPS Week 1258), &4 6A1 5§ Epoch 1
2 A9 AN BEAFE L9 M EES FE GPS AA#EA 339 gdA g HAs
o 210000mz 492 7tAsEc. #2473 £H7A L ADRI® BRIG, BRIGS SIBY # SIBY¢
ADRI 2}2}, 9F 70km, ¢F 58km, ® ¢ 71kmo]t}.
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o N [ feeindutngive -~ o 5.0k 15.0urm 8.0k
MDOT COR ADRI
a9 1. MDOT CORS #&+w Y 2. VRS 7M71Ed 22X

4. HREA

ADRI, BRIG 2 SIBY 339 GPS AA#Z2 oA #E5d AEE &83to 8/ 7371 A
108, 18%, 308, 1417} 2417 2 3429 AF3 #EAE(epoch 12)E 74zt A& %t 19 3
2 g 4= 87 MR A A 48P ZEe SIBY 8-S nAPez o A 8/ /HEE T
A=AR AEAME 2 a8 AXAANE Z47 ZAS AoE aydA 725 /M wEw
A SIBY £33 7ML 71439 A7)0 & Aojtd. 1Azke] =& 3A (DD A s o SIBY
9} VRS2, VRS3, VRS8, VRS4, VRS7, VRS1, VRS5 2 VRS6z+e] Agl:s zbz 4,827.037mt0.3mm,
15,712.176m0.6mm, 26,600.166mt0.%mm, 28,730.979mt0.8mm, 32,572.968mtl.2mm, 33,694.120mt0.%mm,
43,894.107mt1. lom % 57,149.924mt1.2mm 2 A HATH. 7]A VRS6, VRS7 ¥ VRS8 7H3A& 339
GPS FABE42 FAY Aztge ZWoA o skm Fol YT FHEo|T. AAHo=Z Yo B
3l Axwrgkel A7 AdH oz A Yeigo. ole /MEEY 718tetA £ f =l BlE 7
=Wgo g st vixg BAZ AlEET.
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L ~
) ®
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L]
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_Mmhlﬂﬂh__naﬂwﬂm °
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JHEY WAt % AW JHedE o D WA
I¥ 3. 7MEEAY A= AEAAE HEAA a9 4, 7M3Ee AR HEAA

53], 29 394 AEHAHASHE)G FEANSFE) R 08 49 2=W8AE aZsY SIBY 5
2RE 7% 0] FEFS 24 AFAE WATL FHE GPS BARSFAE TAHE A4AY 9
7H83, 5 VRS6, VRS7 R VRS8 S WF9 53 F /M3 7 WSS 5SS #FAREo] 108 # 18
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2 =9 Az AL +0.000129 HFHAE YR
6mma Yt oy 7143l F71E A9 #E5AzL
a3y HdAEAe dwrdol AUE($HEQ
A tlem, F384 12cm) WHoA £2H o=z ié??_h:} 2 AFolA oF 58km, 70km Z 7lkm MHHOE
T4E GPS BAIEST W MNERY AEre o§ 43F Aoz AlgHAY. obgd H44Y
9] ¥o FEA&= VRS6, VRS7 H VRSS 7Hdd el A$% 188 oo #AEAEE B8 A4S 79 H
7 FEHAE 95, 25 2 %A zZHzb £0.0001%, $0.00022 2 +1.1em 2 YERgTh.  E3H
SIBY GPS A #ZA2RE 20km o] Woll 9118 VRS2, VRS3 #FZoAE BEAZto] 1089 ASdAE

l

e, A4x 9 35A4E 25 o9 53 AYEE Hojxu Yo}, Y 58 87 7pHEd digd sy
A AL 3xHY AR SIBY EHE 13t A3 33 AAHELY AAY HAE ZAG
RAoltt,
0.3
0.005
WiOMn.  ®18Mn.  O30Mo.
0.25 || 0.0045 ——— Wi0Mn.  W18Mn,
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E o2 0.0035 |—— W120Mn W 18OMn.
§J % 0.003
g OB E;ooozs
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<o
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AAjfELo 9T D P HR}

Tk

a9 5. FHEERY AN J18% B3 a9 6. RABRLY AR FEHE FEUR

87k /MR e AR B 44 nFT 9=, 1 =R #Hah FEF o FAe A

S YEeh#ATh.  VRS5, VRSE, VRS7 © VRSS =ML A 9]sm £2 Inn ~1.6cm
o] Ex 2 Hag9x f1mmE el
o1 0.18
o Wi0Mn.  Bigdn | | o WitMn,  W18Mn |
008 0 30Min. C160Min. | ] - [130Min. D60Min, L
oo Mi20Mn B 160Min. i; B120Min W 180Min,
m 12
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T(Tom ;0,08
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ADRI BRIG siBY ADR BRIG SBY
HAAZL0 DEHKY A 5L
OE 7. BABEEZA2Y =R FEHA a9 8. AA#EA AA 7|4 % Wit

F4E Rl Hd
127.8cm 2 ERSCH

A F05ol AXsn

SIBY ZAdlA 71 el "ol VRSS 7MddolA 108 #5T H9=
VRS1 7H¢ el A%, SIBY S3olA o 34km Bolx $lm VRS4 R VRS5 &
_'—} VRS4 7HdA e waAAe w9 23 24E Jepded oe 7E
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GPS ZAl@&5e] 7|5tetd uxdele FFEC] /HYA Ao 93L& & A4 E Algdd.
a8 6 @ 19 72 879 MR F 78R oE GPS ANBEAE FAY AZEe FAR x5
VRS1 /M3 A S 402 ste o2 ADRI, BRIG 2 SIBY GPS AA#&4 74 QAR T AEHE 2
AR AXAAE 77 ZA Aolt. WRSISFHOZ HE ARI, BRIG ¥ SIBY &3z 1A &5
A8 E 85 7132 Z4zh 44,553,258mt1.5mm, 36,187.561mtl.3mm R 33,694.121mt0.9mmE iERtTE
g 82 349 GPS AANTEZA B9 NAFAES WS 7HHEL aA4des AEE 3319 ANF R
A4 AxE ZAT ok, ¥ 6, 21H 7 R 19 894 SIBY FR9 A, S wE HATL
A%, 4%, 2% 2 AAFIA ZzZF 10.0001%, 10.0002%, $10.8m ¥ 12.2mE A BEHA|lA
ADRI, BRIG &Rl |8 4ad ARS L}Ewl%i\.tﬂ o]= SIBY #Z47} VRS1 7M3AANA 713 7trte] ¢
A% 7)dsd e A8 9 HAx M3 AL Al UE F #F540 vE Agle wWE AFEY wgnlso
3A #FLe A F9 FHH AR Alg€Y. w}aw FA A7 7HF-ANA ¥ 3dkm oJUY] o] F
‘Z‘cﬂl U3t Ao A9 108Ul BENoZ tlem AR XNAA} /5T Aoz BaFHU.
, 45km P 36km BoiZ ADRI ¥ BRIG #F549 HSE 1d19 o5 FAl7|Z2 1A Yeje §A8S
g Tbﬂs}al GPS A AZA: AEEE HE /MIaASHEES AAASIREN e Ax, 1x E AAF A
Z}z} $0.0001%, 1.1cm 2 $12.7cm o AEEZ AXNE 2R 5+ A

54 B

GPS ZAN#EFoz RE 428 /M3 Az FIATE FZFaed 3L F3 B3Y o)
e =AY AL AAF F, do FABSAG NHHNERE FPE A FEP
HES 7122 naPe 22 BE&P9 J)sad FA0 YA AARE JFHo2 A& AN B
& HMste] AARAT ] WAE 2gHor nEF Ay gL FEL IUY

L GPS GNBELY BEAEE G4 ATAY BHOE BEY ) IR AT A2
& 9.

2. AEd 7MEAHY BEEE HF387] A8t SIBY &3 o2 g 8/l MR AsHMA
I35 Ao X 2 AMZF vla- 223 Ay, #S7 JR © R YR Arids A9stn
1889 #EAASE AFgHo=Z A Y= 2 nFqA Z+z 10.0001% L +6mme] FFAAE e
WEZ GPS FAIEST U 7MY 2R} ol 5% AoE gdEHd.

oL
L o

3. 53], RSl 7} A% FABFHL30e] ANAD F SIBY @549 AH7} 6714 @
A Zhool A} =5 ADRI, BRIG &3l wla] ¢33 A#HE Jdehld=dl ol SIBY #5477 WRS1
3R BE A OE F AFad uE Agd e AFEe o] FUHoR A: s
A FHERe 7HE vtk X A#E Atg €.
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