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Improvement of Measurement Accuracy with Long Baseline Reference Stations in DGPS
Tohiyuki TANAKA”, Keita KAWAMURA™

HBHEL GPS (Global Positioning System, SHIERHINL > AT L) DZESMIEEIT - 72 DGPS OMNAEE 1, HHER &= —3
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Mo fily, = —VIROEOAEIK L CHEERNOEEND L I ICEML T < t BRERINZ. 22C, 2—VRaie
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Abstract In DGPS, measurement accuracy belongs to baseline. We performed simulations about long baseline DGPS in order to make
sure the relation between a position of a reference station and measurement accuracy. We confirm that as baseline became longer, error
average and 2drms became larger. Especially, 2-dimensional position of error average is located at opposite direction of the reference
station. Thus we find that measurement accuracy belonged to not only baseline, but also azimuth of reference station in DGPS. We propose
a new method using multiple reference stations in DGPS. We use three reference stations that surround user position in the latitudinal and
longitudinal direction. In this method we use correction data of pseudorange from each reference station and calculate new correction data
that belonge to baseline and azimuth of reference stations. We focus DGPS and aimed at realizing high accuracy measurement where a

reference station does not exist at a short distance.
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Table 1 Specifications of receiver used in our study

Receiver RT-2
Manufacture NovAtel

Antenna NovAtel L1/L2 GPS Antenna Model 702

Receiving

1575.42/1227.6MHz

frequency
Chasing code C/A code

Elevation

0~90 [degree]
cut-off angle

Output interval ~20Hz
Weight 1.0 kg
Size L185xW160xH71
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Fig.2 Reference station for GPS measurement
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Table 2 Information of reference stations

Refer_ence Number Baseline Azimuth
station [m] [degree]
Flanagana: (1) 1916.050 62.856
Nerima (2) 22623.821 -2.643
Chiba-Ichikawa (3) 26097.528 59.270
Iruma (4) 37726.069 -43.748
Moriya (5) 52517.819 35.522
Kuki (6) 59017.917 -1.560
Tiba-Ohara (7) 74847.864 117.363
Higata (8) 93149.589 74.395
Tochigi (9) 94130.667 3.927
Fuji (10) 94793.196 -116.283
Nirasaki (11) 109308.142 -82.763
Inawashirol (12) 226324.569 9.396




Asahi (13) 337545.774 2.623
Tamayama (14) 494902.704 15.151
Namioka (15) 577369.175 7.872
Hakodate (16) 702194.325 7.444
Erimol (17) 777368.009 21.946
Onbetsu (18) 893354.766 23.036
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Table 3 Result of DGPS

Horizontal . Vertical Vertical
Horizontal

error error Standard
Number 2drms L

average (] average deviation
[m] [m] [m]

(SAP) 0.437 2.722 0.840 1.829
(1) 0.106 1.193 -0.193 0.811
(2) 0.136 1.229 -0.167 0.903
(3) 0.117 1.054 -0.053 0.697
(4) 0.265 1.070 0.069 0.689
(5) 0.243 1.135 0.027 0.752
(6) 0.264 1.133 0.028 0.763
(7) 0.477 1.237 -0.142 0.876
(8) 0.537 1.247 0.113 0.924
(9) 0.481 1.340 0.114 0.936
(10) 0.515 1.308 0.087 0.934

(11) 0.667 1.375 0.450 0.965
(12) 0.997 1.969 1.092 1.456
(13) 1.490 2.570 0.604 1.930
(14) 2.202 3.369 0.619 2.466
(15) 2.660 3.815 0.690 2.832
(16) 3.050 4.420 0.842 3.201
(17) 3.192 4.739 0.623 3.289
(18) 3.616 5.174 0.612 3.582
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Table 4 Reference stations

Refer_ence Number Baseline Azimuth
station [m] [degree]
Yokohama: (19) 19324.250 -141.435
zumi
Komatsu (20) 308846.983 -71.511
Aogashima (21) 343097.007 178.271
Oshika (22) 346204.344 27.812
Nemurol (23) 994207.775 28.609
Hahajima (24) 1016367.300 165.737
Tamanoura (25) 1066703.490 -104.512
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Table 5 Result by our proposed method

Reference Error 2drms

Method
station average [m] [m]
(SAP) - 0.437 2.722
(19) - 0.185 1.095
@® 0.282 1.667
(i) ) 0.257 1.627
©) 0.259 1.572
@® 0.231 1.032
(ii) @) 0.280 1.046
©) 0.091 1.019
0] 0.785 1.569
iii) ) 0.291 1.186
® 0.060 1.170
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b DI % AWV T DGPS #4179 Z & T, i,
2drms & HITHETHZ ENTE72. 2L, HWDE%E
ROMAE DY, BEEEEH EEOEAITICL BT, &
TOHETHETHZ LN TE .

# 6 AR ZHEMTHWE & & ORIRLRER
Table 6 Result by individual reference station

Reference Error average 2drms
Method
stations [m] [m]
(23) - 3.842 5.475
(24) - 4.463 5.552
(25) - 4.071 5.749
0] @® 0.282 1.667

(2) B M EE OB T FEOFME

PR BERA 2 A BB 0 B 2T FIE OB W X D I
AT 5 L, 2drms [ZITBEE R E VTN 2o 72
2, AL, Gi) ¢ i) OFEHERTODOIEMRE « i
BIRTFRN RO B VR L2 o7, (i) O XL ) RiERE
BRE L Bip 2 YR OMAE DY OHE, HIEMHEE FH
6T 2L, MELOLD REBREREENT MLEEO
HUER ROBBEOIEICH DEER) OREBEZITHHETZ
ENTEP, 2=V R L TEER & oo fAIciiss
RODE-CLE-T. F£2, (i) OXHIBRMAGHET
i, RREORERL T 2EE LQOFELY LHiEEE
L LT=OQDOFEDIZ I DI WFER L 2> T D729,
300km FE o LR O B HEFR 2 EUH W 2 A T, ER
FBOEBY Y L REBFOFNARSEZEET DI ENE
EThbEWxD. WL, () OXH ARG DETIE,
@D FENRBEDER L 2> TS, D% D, 1000km
BEOIFFICEVWEREOLERZ AV 2561, KR
DI DFBELY G, RER S OFENRN LB
ZAbb.
(3)HAMBINL & B FLHES DGPS D g

AL DRE EETH TIE, R OMAA DRI X 5 A5,
HE LR BERT EAE O BT FEOEWICEDL 57, 2drms
WRHEMNL L0 ORI B LN, T4 7 7 L vy Ll
ENFEEEL TV D 2 L BSFER T 72, I OREEE T,

(i) - (i) OEHERBITB T, ODEMRE - H AR
VXHREINT £ 0 BRSNS e otz T X HIT, B
HEINL E OB CTHIRETIETHLIEAMTINEHTH
B ENDMNS.
(98 FE#R DGPS & ¥ E R DGPS DL

FHFEHR DGPS X HEMEIN. L 0 B TH D70, B
L LV AEE DT o T- I LUE)R) DGPS (3SR AT
%t DGPS X 0 ABEE - TREEIIEL 725, WM ORER T,

(i) OFAEToO 2drms (ZEHEARE DGPS L 0 HEL 725 7273,

(i) OEETOERWHZAE® 2dms 1%, IR DGPS
FORBWHER L7, oF Y, FEHRE 300km FEE D
YA 3 DR TENIL, BREFIETH LEBE - A
EEE LB FEEZRAWD Z & TlE O DGPS &
FIFEE, & LIFXENL EOBEORMAFEETH D &
Z 5. PINLOMEREH TIE, RN, Gi) - (i) O%&HE
TOEMAWIEA, BEMR DGPS L RWERER- 72,
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SF Y, FEHRE 300km BEOKE[Z 3 O TE P,
KR ONHRME > TR TS, IREFIEOREAM T FE
WS Z & CHEERDGPS ERFEE, b LIiEENALLE
OIEEOPNLNFRETH D LV D,

4. LTV

AWFFE T, BN @R A DGPS I35 H L,
HHER 2 +DICHERTE RV L) R THLREEORE W
W2 ERTLZEEZBEME LTV, 9, KHERONM
&3 DGPS IZ ¥ D X 5 7258 % RIT T H i L7z, £ Ok
B, ERESE L DI o TKES M ORZE T, 2drms
EHITHIIN L, DGPS ORI HKEENE LT 2 Z 3o
7o, ZORE, BREFHOSMIIRERO S DT HiES
MNDEITEML, EOMEN LB TWERNH 5 2
ERbhote. ZNHORRLY, DGPS ORINKEE I,
HEROEBE - 2 —FFH S A A FEL TN D
TENREINT. 2T, BRORERO LR A FIFFIC
AT DGPS HINE &24T 9 Z & T, KI5 M O PIALRS BE %
ETLFREEARR L. ZOFERL, RERR=2—YRF
MOREERT M EFEH->TWSE EHLR L, 2—FBE
KO3 OoORMERFEHNT, ZTOEERT MLrOFIE /)
EXTHLDOTH S, BIRNCIE, AR OHLLHRE
EAEIZEARE - FAAIRGET 2 EAMTEZEAT 22 L
T, B e R B A2 R L, WA E S B A R
fo. TORER, BRI X 5 DGPS Tl EN R~ Al 4E
7R AR R 300km FREE D FLHESR & V= IGE,  HAGRIAL RS
BREDREE - cET D2 LN TE, FIRRE DL
EOEERPHERTE P> RNEBE LZERTDH,
FEIE - e I C s 5 2 LS TE 2. 72, N DGPS
EHERL7ZBA T, 300km BREOKEER 2 AV ZHEA,
FEHE « ML ET D T LN TE . AFEDIRETFIE
i%, DGPS (2B W TARES M OBN S ESEICAHTH D
Wz b,
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