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Error Analysis of Global Positioning System
Tsutomu FUIIMOTO*, Fumihiro YASUNAGA **

Abstract : The operation of reducing the accuracy called Selective Availability artificially is performed to GPS
which U.S.A. is operating since 1993. DGPS is developed to oppose SA, in which differential corrections should be
computed at the reference station and is transmitted to user receivers by radio or other means and applied at the
remote receiver. There are two major DGPS services in Japan, one is operated by JCG (MW DGPS), and the other
is operated by GPex (FM DGPS). SA has been canceled in May 2000, and the multipath error becomes serious
problem because it cannot be compensated by using DGPS. As the existence of multipath is not actualized, several
efforts to avoid the influence of multipath, such as selection of positioning point, use of a directional antenna and use
of high elevation satellites, are performed.

We are observing the positioning error using noncommercial GPS receivers since 1998. From February 2002, we
have started continuous position observations at four fixed points. The positioning error obtained by the GPS stand
alone, the improvement by DGPS, and the influence of the multipath etc. are investigated. The positioning error
decreases about 75% by using DGPS. And the GPS satellites are thrown into the 12 hour orbit, the positioning
error because of multipath shows the periodicity of about one day. The most up-to-date GPS receiver has employed
eight, and more channels All-in-View system. Some satellites are hidden with a building for example in many cases.
It is shown that it may become the data which judge the propriety of receiver installation place selection.
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Tablel GPS and Beacon Receivers.

YLW and GRN sites :

1.1, C/A Code GPS Receiver/ Antenna, GM-38, SAN JOSE
NAVIGATION, INC., Taipei, Taiwan, (2 sets, mounted

on 25¢m dia. aluminum disc.).

DGPS FM Data Radio Channel Receiver, M-51, DATATEC
CO., LTD., Tokyo.

Medium Wave DGPS Beacon Receiver, GR-80, FURUNO
ELECTRIC CO., LTD., Nishinomiya.

UNCT and TMZK sites :

L1, C/A Code GPS Receiver / Antenna, GPS 17N,
GARMIN CORPORATION, Kansas, U.S.A. )

Medium Wave DGPS Beacon Receiver, GBR 23, GARMIN
CORPORATION, Kansas, U.S.A.




ST SRR RS B0 T T3 H

———yr];

Fig. 1-2 UNCT site. From this side, UNCT (GPS 17N)

YLW and GRN sites. From this side, YLW (GM-
and DGPS beacon receiver built in H-field antenna

Fig. 1-1
38), whip antenna of GR-80 DGPS beacon receiver,
GRN (GM-38). (GBR 23).

Fig. 1-4  Close up view of GM-38, mounted on 25¢cm

Fig. 1-3 TMZK site. From this side, TMZK (GPS 17N)
and DGPS beacon receiver built in H-field antenna diameter aluminum disc.

(GBR 23).
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Table2 Standard deviation of latitudinal and longitudinal
position error, obtained by GPS stand alone and GPS
with medium Wave DGPS and FM DGPS.

Lat. Lon.
DATE Std.Dev Std.Dev °r>
(m] [m] Sits
GPS Stand alone
2002 Feb. 18  5.454 2. 294 GRN
2002 Feb. 18  3.624 1. 864 YLW
2002 Feb. 19  6.698 2. 692 GRN
2002 Feb. 19 6,706 2. 669 LW
2002 Feb. 20  17.026 2. 507 GRN
2002 Feb. 20  7.087 2. 505 YLW

Medium wave DGPS

2002 Mar. 01 1. 876 1.109 GRN
2002 Mar. 02 1,277 0. 947 GRN
2002 Mar. 03 1.217 0. 824 GRN

FM DGPS

2002 Mar. 15 1. 365 1. 056 GRN
2002 Mar. 16 1. 367 1. 056 GRN
2002 Mar. 17 1. 772 1. 087 GRN
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Fig. 2-1 Latitudinal differences between YLW and GRN
sites. 2002 Mar. 11, 12 and 13, 05 to 06Z.
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Fig. 2-2 Logitudinal differences between YLW and GRN
sites. 2002 Mar. 11, 12 and 13, 05 to 06Z.
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Fig. 3-1 Latitudinal difference between YLW and GRN
sites. 2002 Apr. 17 to 23, 05 to 06Z.
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Fig. 3-2 Longitudinal difference between YLW and GRN
sites. 2002 Apr. 17 to 23, 05 to 06Z.
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Fig. 4-2 Longitudinal differences between UNCT and
TMZK sites. 2002 Apr. 17 to 23, 05 to 06Z.
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sites. 2002 Mar. 11 and 12.
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Table3 Maximum correlation of latitudinal differences
and longitudinal differences between YLW and
GRN sites. 2002 May 23 ~ Jun. 01 and May 22.

Lat. 22 MAY with 01Z-02Z 07Z-08Z 13Z-14Z 19Z-20Z
23 MAY 0.8575  0.8062 0.7219  0.8943
24 MAY 0.8304 07137  0.6437  0.8835
25 MAY 0.7882  0.6088 05712  0.8430
26 MAY 0.7313  0.6014  0.6182  0.7596
27 MAY 0.7666 ~ 04519  0.4811  0.7055
28 MAY 0.7781 0.4724 04634  0.7212
29 MAY 0.7916  0.4020  0.4519  0.7320
30 MAY 0.8339 03716  0.5647 0.6168
31 MAY 0.7392 02322 04730  0.6033
01 JUN 0.6827  0.1106  0.3739  0.6768

Lon. 22 MAY with 01Z-02Z 07Z-08Z 13Z-14Z 19Z-20Z
23 MAY 0.7539  0.6989  0.6819  0.8250
24 MAY 0.7826  0.6291 0.7476  0.8558
25 MAY 0.7542  0.6074  0.7230  0.7700
26 MAY 0.6661 0.6039  0.7360  0.7374
27 MAY 0.6620  0.4361 0.7092  0.6800
28 MAY 0.6671 0.4080  0.2640  0.6917
29 MAY 0.6245  0.2595  0.6448  0.6991
30 MAY 0.6042 04662  0.6192  0.5467
31 MAY 0.5699  0.4892  0.5614  0.5426
01 JUN 0.5063  0.4285  0.7431 0.5374
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