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SUMMARY

This study is designed to provide standard data on the internal configur-
ation of GPS receiver for more accurate and precise positioning in
collecting location information. For this purpose, GPS receiver was installed
on top of the Ocean Science building. Collecting and analyzing statistical
data based on this location was done by receiving GPS location data. To
compare the receiving location of GPS receiver based on internal
configuration, a series of analysis was done: the number of receiver
satellite and the change of HDOP in accordance with mask angle
adjustment, difference in location based on the change of geodetic system,
change of location circle resulting from the change in digits decimal
fraction of minutes produced by longitudinal and latitudinal location,
difference circle in location according to receiver mode.

The findings are as follows.

1. When adjusting mask angle in static survey, the maskangle seen as
most accurate was 7° and 10°. Also, the range of 95% probable circle
(2 gywas narrow. An average of 8 satellites were used in static survey.
95% probable circle began to increase by large margin in 30°, which
mask angle was at its peak in 40°. The number of satellites operating
were reduced lower than 4, showing an average of 3.3 satellites when
mask angle exceeded 40°. Since the average number of satellite was
less than 4 in 40° and 45°, 3-dimension positioning was not possible.
Even 2-dimension positioning could not be made in 50° because the
average number of satellites was below 2. reduced satellite constellati-
on were shown in proportion of increased mask angle. Also, HDOP(an

index showing lowered precision in 2-dimension positioning) showed

_1_



irregular increase based on the increased mask angle.

2. Location data were collected through simultaneous reception of 3, 4
digit group, 3, 5 digit group, and 4, 5 digit group in digits decimal
fraction of minutes(3, 4, and 5 digit). Data analysis did not show
particular difference between 3, 5 digit group and 4, 5 digit group
except for 3,4 digit group in two dimension coordinate level calculated
by 95% probable circle. However, difference can be found through
statistical analysis of location data. Order setting in fraction of minutes
was determining factor, showing lowered accuracy of location compar-

ed with 34 digits decimal and 3 digits decimal.

3. Findings of location measuring using WGS72, WGS84, and Tokyo da-
tum geodetic system are as follows. Average error in WGS72 and
WGS84 showed 10.2m and 7.7m, respectively. It indicated lower than
10m of location difference, finding no inconvenience in using these
geodetic systems. Tokyo datum showed difference of about 400m.
When using marine chart of Tokyo datum geodetic system while utili-
zing GPS receiver of WGS84, careful consideration is needed for safe

navigation.

4. Average error based on receiver mode was 5.0m in binary mode and
1.2m in standard deviation. Average error in text mode was 6.7m and
1.5m in standard deviation. It showed lowered accuracy of location in

the text mode than the binary mode.
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2.1 AgAFH

B Aglo] AFg3F GPS 47417]+ Canadian Marconi Company Al (ALLSTAR)
2ot & FAA Y] ¢tElUE A& o™, GPS FA1719F ¢telvte] AAEE f
AL Table 13 21},

Table 114 GPS 4171 L1t 1598 12214 A7 24 1Hz9 W&
3} 9] (Carrier Phase) 7] 7Fs3H, RTCM(Radio Technical Commission
for Maritime Services) Message®] <413} Encoding$ &% o] 7153 Aol

o etelib= 47 0053me] APOEA ehel} o] S +12dBo] Atk

Table. 1. Specifications of GPS Receiver and Antenna

GPS Receiver

Model Canadian marconi company, ALLSTAR

Frequency 1575MHz +2 MHz

Channel 12 channel correlator for all-in—-view satellite tracking

Data Port Two serial input/output data port

Decodes differential corrections encoded in the RTCM

Message Format| <o oe format

Antenna

Model ATS75

Gain and Size | +12 dB and 0.053m diameter
Max. Length/
Min. Length

Polarization Right Hand Circular

20 meter (12dB)/0 feet
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Fig. 1. Block diagram of GPS receiving system.
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Fig. 2. The distributions of position observed by GPS receiver at known

position fixed according to variation of maskangles.
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Table 2. Accuracy of the positions, mean satellite numbers and mean
values of HDOP observed by GPS receiver at the known position

according as maskangles was varied between 7° and 50°

Original Position Mean Position Position Error

Mask- SVs| HDOP

angle Longitude | Latitude | Longitude | Latitude | Average|S.D Beari
(126° xx') | (33° xx') | (126° xx') | (33° xx') | (m) |(m)| "8

7° 33.83890" | 27.42093" | 33.83763" | 27.42081" 1.9 |[1.4] 264° |89 0.9

10° | 33.83890" | 27.42093" | 33.83674" | 22.41905 53 |1.3] 231° |88 1.1

15° | 33.83890" | 27.42093" | 33.83674" | 27.41905 3.3 |1.8] 263° |69 1.2

20° | 33.83890" | 27.42093" | 33.8350" | 27.42019 5.7 |1.8] 257° | 73| 1.3

25° | 33.83890" | 27.42093" | 33.83362" | 27.41971 8.2 |44 255° |5.0| 21

30° | 33.83890" | 27.42093" | 33.83463" | 27.42092° 6.4 78] 270° |4.1| 51

10.

35° | 33.83890" | 27.42093" | 33.83341" | 27.42092’ 8.2 3 270° | 43| 25
18.

40° | 33.83890" | 27.42093" | 33.83617" | 27.41872 3.5 3 191° | 33| 7.2

45° | 33.83890" | 27.42093" | 33.83659" | 27.41893 50 |6.8] 224° |3.0] 3.6

50° | 33.83890" | 27.42093" | 33.83157" | 27.42638 70 |84 325° |16 9.9

Table 2014 GPS 217l elaf A8 /A2 Ftgh vpa=azbo] 7° ~
50°74A1 W gte] whet 7E9 A9 1.9m ~ 82m7bA] AolE EHlow, o]o] w

2 259 HYE 1.3m ~ 183m °©| 9t}
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Fig. 3. The results of the mean position error of the change according as

maskangles was varied between 7° and 50°
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Table 3. Survey results of average position error, S.D(standard deviation),
and the bearing produced by simultaneous reception of 3, 4 digits

decimal through GPS reception in the origin of the coordinates

Original Position Mean Position Position Error

Longitude | Latitude | Longitude | Latitude |Average| S.D Beari
(126° xx') | (33° xx') | (126° xx') | (33° xx') | (m) | (m) |°%""8

3digit | 33.83890" | 27.42093" | 33.835° 244217 5.3 2.8 | 270°

Digit

4digit | 33.83890" | 27.42093" | 33.8354" | 27.4211 5.4 1.8 | 273°
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Table 4. Survey results of average position error, S.D(standard deviation),
and the bearing produced by simultaneous reception of 3, 5 digits

decimal through GPS reception in the origin of the coordinates

Original Position Mean Position Position Error

Longitude Latitude Longitude Latitude | Average| S.D Bearin
(126° xx') | (33° xx') | (126° xx') | (33° xx') (m) | (m) g

3digit | 33.83890" | 27.42093" | 33.8343 274217 7.2 2.2 | 267°

Digit

odigit | 33.83890" | 27.42093" | 33.83479" | 27.42082 6.4 2.1 | 263°
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Fig. 8. Observation results through simultaneous reception of 4, 5 digits
decimal fraction of minutes.
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Table 5. Survey results of average position error, S.D(standard deviation),
and the bearing produced by simultaneous reception of 4, 5 digits

decimal through GPS reception in the origin of the coordinates

Original Position Mean Position Position Error
Digit Longitude | Latitude | Longitude | Latitude | Average | S.D Bearin
(126° xx') | (33° xx') | (126° xx') | (33° xx’) (m) (m) £
4digit | 33.83890" | 27.42093" | 33.8342 27.4205 7.4 2.2 | 263°
bdigit | 33.83890" | 27.42093" | 33.83425" | 27.42046° 7.3 2.1 263°
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Fig. 9. Observation results through simultaneous reception of 3 geodetic

system (WGS72, WGS84, Tokyo datum).
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Table 6. Survey results of average position error, S.D, and the bearing
produced by simultaneous reception of geodetic system(WGS72,
WGS84, Tokyo datum) through GPS reception in the origin of the
coordinates
Original Position Mean Position Position Error
Datum Longitude | Latitude | Longitude | Latitude | Average | S.D Bear;
(126° xx') | (33° xx') | (126° xx') | (33° xx) | (m) | (m) | P%"8
WGS72| 33.83890" | 27.42093" | 33.83449" | 27.41672 10.2 1.7 222°
WGS84 | 33.83890" | 27.42093" | 33.83428 | 27.41943" 7.7 2.0 249°
TOKYO| 33.83890" | 27.42093" | 33.95232" | 27.22412" | 396.0 1.7 206°
Table 6914 WGS849] FAAE ol &3t 7| olA 72t S H g
Zo] ALY HS WGS84E 43 Zo] 7.7m= 7H¢ #koy i FAHA+= 2.0m
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Fig. 10. Observation results through simultaneous reception of binary-mode

and text-mode.
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Table 7. Survey results of average position error, S.D, and the bearing
produced by simultaneous reception of binary-mode and text-mode

through GPS reception in the origin of the coordinates

Original Position Mean Position Position Error

Mode Longitude | Latitude | Longitude | Latitude | Average| S.D Beari

(126° xx') | (33° xx) | (126° xx') | (33° xx') | (m) | (m) |°®4™M&
Binary- ; ) ) ;

33.83890" | 27.42093" | 33.83601" | 27.41970 5.0 1.2 244°
mode
Text-

33.83890" | 27.42093" | 33.83571" | 27.41841" 6.7 1.5 228°
mode
ZIEAAE FACE HEeA e A FS ol EEoA = 2440
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