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<E |> Each observation position obtanied by chart concerned, and the correction value of WGS-84
Obervation Correction value
position Chart No. of WGS-84 WGs-84
A 41°46,916'N NO.06 1:-0152 4147, 068'N
140°43, 78T'E 1/13, 000 L: o223 140743, 564'E
B 34°53, 247N NO.1175 I:-0.187 34°53, 434N
140°43. 78T'E 1/10, 000 L: 015 132°03, 718'E
C1 32°42, 103N NO.102 I:-0,199 32'42,300'N
129'50,870'E 1/10, 000 L: 0142 129°42, 316'N
C8 32°42, 117N NO.102 I:—0.199 32°42,316'N
129°50, 840'E 1/10, 000 L: 0142 129°50, 700E

A : Hakodate, B : Hamada, C1 : Nagasaki(Aug.)
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<E 2> The usable time and ratio of each level on 2D and 3D
2D 3D Total
Hi M | L [T][H]|[M|[L]T[H][M]L]T
Time 2-25 2-38 2-07 2-10 1-08 0-16 0-15 1-30 3-33 254 2-22 8-49
A (h-m)
Percentage  p 30 24 81 13 3 319 40 38 27 100
(%)
Time 2-36 1-10 2-55 6-41 1-06 0-35 0-05 1-46 3-45 1-45 3-00 8-27
B (h-m)
Percentage o 4 3 1 13 1 1 21 4 21 35 100
(%)
Time 324 1-21 2-29 7-14 1-21 0-22 0-06 1-49 4-45 1-43 2-35 9-03
cl (h-m)
Percentage 5 15 27 8 15 4 1 20 53 19 28 100
(%)
Time 2-12 1-39 148 5-39 0-20 0-26 0-13 0-59 2-52 2-05 2-01 6-38
c2 (h-m)
Pe’?;‘)tage 33 2% 271 & 5 7 3 15 38 32 30 100
(*]

A ! Hacodate, B : Hamada, C1 : Nagasaki(Jan.), C8 : Nagasaki(Aug.)
2D : two-dimensional positioning, 3D . three-dimensional positioning
H : high level, M : middle level, L : low level, T : total
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< E 5> Comparison between the data of one day’s

measurement and those of two days’
measurement in Hakodate and Nagasaki

(unit in meter)

aet <E 4>ol vehdl uieh o], 2749) @il Dimeniy, of|  Dilat Dep
: sion | D2t2 {Mean| SD |Mean| SD
< E 3> The usable time of each level on 2D and 3D 1 2D 421 —-7.3 357 350 67.0
Obeservation Data 2D 3D Total T3D | 99 —0.9 16,4 44.1 18.6
area (h-m) | (h-m) | (h-m) A otal 520 —6.0 32.9 36,7 60,9
1 May 24 8-15 0-21 8-36 2 2D 333 —1L.8 39.4 19.6 68.7
2 May 30  7-06 1-36 8-43 3D 54 0.9 139 326 228
3 Jun. 3 6-13 1-54 8-07 Total 1,044 —9.7 36,7 21.8 635
1 : off the coast of Sioyazaki 1 2D 333 12,7 43,6 —4.3 64,1
2 . off the port of Akita 3D 54 45,7 16,3 —8.9 39.8
3 : the vicinity of the Iki channel - Total 387 17,3 42,4 —4.9 61.2
2t dimednal positonig P m @ e seomr s
: P € 3D 95 515 16,5 —10.7 39.4
Total 782 15,4 50,2 —12,4 74.0
<H 4> The usable time of each level on 2D - -
(two satellites) A : Hakodate, C8 : Nagasaki(Aug.)
D 1 : one day’s measurement, 2 . two day’s measurement,
2 SD : standard deviation
H M [ L [T ]
Time(j-m) 3-57 1-50 0-06 5-53
Percentage(%) 67 31 2 100 D, lat === Depd o Zlo| BMkRES 3#E (30)0]
Time(j-m)  3-58 1-29 0-11 5-38 A<l A&+ 712488l 74 240 oM 7|28 =}
Percentage(%) 7 26 3 10 g 4} 29 #lg8 <E 6>ol Uuigich, Bl
Time(j-m)  3-39 0-06 0-00 3-45 BEE |7t ulge 2~5%elx, o =L 0, 1802

Percentage(%) 97 3 0 100

A : Hakodate, B : Hamada, C8 : Nagasaki(Aug.)
2D : tow-dimensional position

H : high level, M : middle level,
T : total

L :low level,

ol4olAal, 2D2% e A9t 0,482 o]l
o B 7 gl 71749 Aa 5 oA 148
it



< ¥ 6> The number of data and the ratio rejected
by over 30 in four different observation

positions
No. of Data

ion . Percentage
E Total |Rejected | Used | (%)
A 2D 430 9 421 2
3D 99 0 99 0
Total 529 9 520 2
B 2D 401 12 389 3
3D 106 2 104 2
Total 507 14 493 3
C1 2D 434 26 408 6
3D 109 0 109 0
Total 543 26 517 5
C8 2D 339 6 3333 2
3D 59 5 54 8
Total 398 11 387 3

A : Hakodate, B . Hamada, c] . Nagasaki(Jan.)
C8 . Nagasaki(Aug.)

2D : two-dimensional positioning

3D . three-dimensional positioning
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< B 7> The mean values and standard deviations of D. lat, Dpe and Distance for each level on 2D and 3D

(unit in meter)

No. of D. lat Dep Distance
Dimension| Level

Data Mean l SD Mean I SD Mean SD
H 197 33.7 55.8 88.0 46,2 94,2 72.4
2D M 77 6.4 127.2 146, 6 148, 2 146, 7 195.3
L 134 79.0 149, 3 124, 6 181, 7 147.5 235.2
Total 408 43.4 111, 9 11,1 128, 4 119.3 170.3
C1 H 81 26.7 22,2 43.5 30.3 51,0 37.3
3D M 22 55.2 24,0 59.1 51,7 80.9 57.0
L 6 76.6 519 42.1 135.8 87.4 145.4
Total 109 35.2 28.8 46.6 45,6 58.4 53.9
Total 517 41,7 100. 3 97.5 118.9 106. 0 155, 6
H 132 29.6 21,8 8.8 30.4 30.9 37.4
2D M 98 -2.1 49,7 21,1 7.7 21,2 87.2
L 103 5.2 50.8 ~45,3 68.9 45,6 85.6
Total 333 12,7 43.6 —4,3 64,1 13.4 77.5
C8 H 20 4.7 5.7 -27.1 12,7 52,3 13.9
3D M 26 4.0 18,5 2.5 25.5 4.1 31.5
L 8 53.6 24,9 —-0.5 87.7 53.6 91.2
Total 54 45,7 16.3 —8.9 39.8 46,6 43.0
Total 387 17.3 42.4 —4.9 61.2 18.0 74.5

C1 : Nagasaki(Jan.), C8 . Nagasaki(Aug.)
H . high, M : middle, L : low, SD : standard deviation



Exel JelH GSPe BArWE

ZARt, o olfollME 2F o} Cle] Fo| ¥A3 2
o},

HikR2el disle] Cl C8¢ ¥lasld, ol 79|
U C1 Zo| a2, digk 2ulef o]23 g}, = Cl9] 2
HE A 9epd ok A 25 Depol MR~} D, late] =
Ruch 23, Adbog WEHHC R Sike] HA
3lei,

BHGTARE (ARG -HIE) = CldM: 3H, 3
M 3 2HollA 88~167me] Wl gz, ol= Zeolt
0. 18] o)ato|Aat, = 2|+ 217} AwH2 <F 383mell
olzm glth, 22 C8¢) 7%+ 3H, 3M % 2H=
2E of 70mz, Y LM% oF 145mel A=A
ok, =57} 0, 1802 vjutelgict,

o]} o] Ao Fl—flERkel UolAE A|7lol wiz}
BfiARsEol 2 H3lLE 39l Ao A HEsE] A3l
of FRAEIA F59 HEEE] 2 Mo BuHst ¥
Greele =AML Aol <2yl 6> Wl <2y 7>l

2D 3D

S [

{e -
-0, Jo
M @
L

0 100 200 300 400 500 (m)

<38 1> The mean position and error ellipses (1g).

2D : two - dimensional positioning 3D:

three-dimensional positioning, H : high
level, L: low level, Cl: Nagasaki (Jan.
1988), @ : observation position.

Satellits No.
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<@ 2> The tracks and the usable time of each
satellite in Nagasaki (Jan.). Arabic
numerals (3, 6, 9, 12, 13) show satellite
numbers. Center of the circle is zenith.

g2 A 2D} 3,6,139 H level, 6, 9, 129 M,
Llevel & 3D9] 3, 6, 9, 129] 7} lvelol] 2% &A¢)
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< # 8> The mean values and standard deviations on D. lat, Dep and Distance by combinations of satellites for
each level on 2D and 3D (unit in meter)

Dimensi Level Combination Dat D. lat Dep Distance
enston (< ata
Satellite No. Mean | SD Mean | SD | Mean | SD
High 3. 6-13 88 5.2 56.8 5.1 331 837  65.7
3-6-9 28 5.1 36.0 98.2 457 1.6  58.2
2D  Middle 6-9-12 2 3.6 58.6 161.9 1469  166.2  158.2
3-11-13 12 -5L5 414  -943 728 107.4  88.3
c1 Low  6-9-12 48 349 53.2 1245 1557  120.3  164.5
$-11-13 29 -727 630  —99.0 1138  122.8 1301
High 3-6-9-12 9 43.6  18.8 62.0 355 758 40,2
3D Middle 3-6-9-12 22 55.2 240 5.1 5.7  80.9  57.0
Low 3-6:9-12 6 6.6 5L9 421 1358 8.4 1454
High  3- 6-13 59 15.9 9.6  —122 120 2.0 154
3-6-9 38 57.0 8.6 0.2 59 5.0  10.4
2D Middle 6- 9-12 30 5.0 127  -151  40.6  59.9 425
3-11-13 11 —38.3 9.2 -39 201 1202 221
cs Low  6- 9-12 50 8.2 201 -53 489 485 529
3-11-13 41 —50.1 227 —110.1 346 1210 414
High 3-6-9-12 7 47.8 20 -157 59  50.3 6.2
3D Middle 3-6-9-12 21 51.3 6.3 0.4 281 5.3  28.8
Low 3:6-9-12 4 62.0 341 -42 1338 621  138.1

C1 : Nagasaki(Jan.), C8 :

Nagasaki(Aug.), SD : standard deviation
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<118 4> The arrangement of combinations of

Time 3in hours

The tracks and the usable time of each
satellite in Nagasaki (Aug.). Arabic
numerals (3, 6, 9, 12, 13) show satellite
numbers. Center of the circle is zenith

—24

satellites for each level on 2D.

Cl: Nagasaki (Jan. 1988), H: high level,
M: middle level, L: low level. Each
number shows satellite number.

Center of the circle is zenith.
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<12 5> The arrangement of combinations of
satellites for each level on 2D.

C8: Nagasaki (Aug. 1988), H: high level,
M: middle level, L: low level. Each
number shows satellite number.

Center of the circle is zenith.

<28 7> The arrangement of combinations of

satellites for each level on 3D.

C8: Nahasaki(Aug. 1988), H: high level,
M: middle level, L: low level. Each
number shows satellite number.

<% 6> The arrangement of combinations of

satellites for each level on 3D.
Cl: Nagasaki (Jan. 1988), H : high level,
Each number shows satellite number.

2D 3D

TR B | Bt b gy i

: i |
100 200 300 400 (m)

<12| 8> The mean position and error ellipses (1o).

2D : two-dimensional positioning
3D: three-dimensional positioing
H: high level, M: middle leve, L: low
level A : Hakodate, B: Hamad, C:
Nagasaki, € : observation positin
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<F 9> The mean values and standard deviations of D. lat, Dep and Distance for each level on 2D and 3D

(unit in meter)

Di . Level No. of D. lat Dep / distance
mension Ve Data Mean SD Mean [ SD Mean SD
H 143 12,0 19,6 38.6 48.5 40,4 52.3
2D M 156 —18,3 25.3 7.8 50.5 19.9 56.5
L 122 —15.7 49,8 65.5 87.5 67.5 100, 7
Total 421 -17.3 35.7 35.0 67.0 35.8 75.9
A H 68 —-3.0 12,4 44.5 11,2 44,6 16,7
3D M 16 3.3 19.0 31.5 25,7 3.7 32.0
L 15 4.2 26,2 55.4 28,3 55.5 38.6
Total 99 —0.9 16,4 44,1 18.6 4.1 24.8
Total 520 —6.0 32.9 36.7 60,9 3.2 69,2
H 156 -2.0 30.4 55,2 55,5 55.2 63.3
2D M 58 —20.9 38.9 18.4 96,7 27.8 104.2
L 175 —26,7 N1 26.0 92.4 37.3 98.5
Total 389 —15.9 35.3 36.6 81.7 39.9 89,0
B H 66 -12.3 15,5 34,3 12,6 36.4 20.0
3D M 34 16.1 21,5 7.1 39.6 17,6 45,1
L 4 —6,6 38,7 23.5 6.6 24.4 39.3
Total 104 —2.8 22.8 25,0 27.7 25,2 35.9
Total 493 -13.2 33.5 U1 73.8 36.6 81,0
H 132 29.6 21.8 8.8 30. 4 30.9 37.4
2D M 98 —2.1 49,7 21.1 71.7 21.2 87.2
L 103 5.2 50.8 —45,3 68.9 45,6 85.6
Total 333 12,7 43,6 —4.3 64,1 13,4 71.5
C H 20 4.7 5.7 -27.1 12,7 52.3 13.9
3D M 26 4,0 18,5 2.5 25.5 4.1 315
L 8 53.6 24,9 —0.5 87.7 53.6 91,2
Total 54 45,7 43.6 —4,3 64.1 13.4 77.5
Total 387 17.3 42.4 —4,9 61.2 18,0 4.5

A : Hakodate, B : Hamada, C | Nagasaki

H : high, M : middle, L : low, SD : standard deviation
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A Study on Accuracy of Position Fixes
Obtained by GPS at Three Fixed Stations

Eul-Je CHO

(Joomoonjin Fisheries High School)

The United States has been developing a GPS(Global Positoning System), and now we can make use of it
everywhere in the world. The author measured the usable time and took position fixes from three fixed
stations in Japan in order to evaluate the positioning accuracy of G iS, firstly by the difference in the time of
the year and, secondly by the difference in location between the |stations in 1988. I was able to receive
positioning signals from only 6 or 7 satellites, but in July 1991, 14 GPS satellites became available.

The results obtained are summerized as follows:

1) The usable time was 7~9 hours from only 6~7 satellites. =

2) In the case of the former, the time zone of position fixes varied fvvith the time of the year and there were
a little differences of the accuracy of position fixes except 3H(thred dimensiomal high level positioning). In
the case of the latter, there were not obvious locality differences in 3D(three dimensional positioning). But the
positioning errors and number of data varied on each level in 2D(tw dimensiomal positioning), although the-
positioning errors were smaller than 0.1 nautical mile. !

3) Th standard deviations of Dep(departure) were larger than tﬂmat of D.lat(difference of latitude), and
varied widely to the east and west. But the standard deviations were smaller than 100 meters.



