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Studies on the Accuracies of Position Fixes Obtained by
Marine GPS and their Applications
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1) Development of a ship’s position measurement systems and their accuracies

From the view point of safety and economy, it is very important for a ship on the ocean to find its position. For
a long time, terrestrial navigation by taking of cross bearings and celestial navigation makeing use of celestial bodies
were available. In the 1940s, radio navigation developed for military use progressed rapidly with the advance of
electronic techniques after that. Especially, Omega and Navy Navigation Satellite System (NNSS) are epochal sys-
tems, because their coverage are worldwide. But, the accuracy of Omega is not good enough, and NNSS has a dis-
advantage of uncontinuity. Global Positioning System (GPS) was initiated in the 1970s, and was completed in 1994.
This system makes up for several disadvantages of usual navigation systems of all sorts; not only it enabled us to find
the ship’s position but also make the applicationsr of the ship’s movement and current measurement possible. The
purpose of this study is to make clear the positioning accuracy of the GPS and usefulness of using the GPS by
elucidating the accuracy of Loran C, the measurement of surface current and the analysis of a ship’s movement with
GPS.
2) Process of the development and positioning accuracy of GPS

According to the development of GPS, the author measured the GPS position fix at the standing fixed station and
several ports of call of the training ship in our country and overseas, and obtained the positioning accuracy of each
of them and made clear the yearly variation. There were six or seven satellites available in the early stage of de-
velopment till October 1989, so the usable time for position fixes was limited to six or seven hours. But the accuracy
of three dimensional high level positioning was better than at the present completed stage. Namely, the standard
deviation (SD) was only ten meters odd, and maximum position error was about fifty meters. Since November 1989,
full-scale working-type satellites has been launched, so the number of usable satellites has increased. But, the
Department of Defense (DOD) turned on Selective Availability(SA) to the working—type satellites since March 1990,
and, moreover, positioning accuracy was not stable till the first half of 1990 because of some system test. Since
August 1990, when Iraq Army invaded Kuwait,positioning accuracy has improved and good accuracy has been
continuously optained after the end of the Gulf War, that is to say, fourteen or fifteen satellites were available in
September 1990, and DOD turned off SA or decreased its error. Constant error was less than 10 meters of difference
of latitude (D.lat), and about 40 meters of departure (Dep), and SD was about 10 meters. SA was reactivated on GPS
satellites in November 1991, and it is continuing now in 1994. We see the effect of SA, having an increase of SD (about
30 meters), but, constant error and SD are stable now with constant value.
3) Application examples

(®Measurement of Loran C error

However superior GPS may be, it is necessary for us to use another system at the same time as a backup system.
So, the author combined, for the simultaneous measurement, GPS and Loran C, which was the most suitable as a
backup system, and made clear the Loran C errors. The Loran C errors are variable according to various factors.
Therefore, we must obtain the positioning accuracy in each area of the sea. So the author showed the Loran C errors
in and around the Goto—nada, the eastern area of the East China Sea and the western area of the North Pacific Ocean,
respectively. The ship’s position obtained by Loran C in and around the Goto-nada was 100~400 meters southward
and 10 meters westward ~30 meters eastward from the datum position. The constant error in the eastern part of the
East China Sea was large for the long propagation distance over the land, that is, 600~900 meters southward, and
200~300 meters eastward. In the western area of the North Pacific Ocean, the author evaluated the accuracy in three
different areas. Positioning error was less than 0.5 nautical miles (n.m.) in the two areas where theoretical semi-
diameter error is within 1 n.m., and the positioning error in the other area which was more than 1000 n.m. distant
from each transmitting station was less than 1 n.m., if the reception of signals was good.

®Measurement of the surface current

It was confirmed that the direction and velocity the surface current obtained by pursuit of a Radar Buoy in re-
lation to the ship’s position with GPS are almost the same as those of the current measured with electric current meter
so we measured surface current in the ocean too. In this chapter we discuss a comparative study of two surface
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currents; one obtained by pursuit of Reflector, the other calculated by the direction and velocity of ultrasonic current
meter. As a result, it was found that surface current was obtained by position of GPS which was information over the
ground and information through the water of ultrasonic current meter.
(®Measurement of turning circle

The turning test of a training ship with 1000 gross tonnage and the maneuverability of a small ship for research
test were done with GPS. Generally, a turning test is conducted at full speed and the maximum rudder angle only
when the ship is build up. No turning test is done at slow speed and a sharp rudder angle in consideration of the ship’s
arrival or, leave and the ship handling for avoidance. So, the author set up three stages of the speed and rudder angle,
that is to say, Full, Half and Slow, and 30, 15 and 5 degrees, and measured the left and right turning circles.

Maximum advance and transfer were obtained by turning tracks, and therefore,the measurement of turning circle
with GPS was found useful and practical enough.

As mentioned above, this study clarified the usefulness of GPS by means of applications of the specific quality of

the high accuracy position fixes of GPS.
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Fig.1 « 3 The arrangement of Omega stations.
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Fig.2 « 2 Block T and BlockI NAVSTAR/GPS satellites.
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Table 2 - 1 Name of radio wave on each frequency band

Frequency Name
3Kliz —_—
VLF
30KHz
LF
300KHz
NF
Mz _—
HF
30MHz _—
VHF
30081z _
UHF
3GHz
SHF
30GHz
EHF
300GHz ‘

Frequency Name

225MHz
P band

390MHz
L band

1.55GHz
S band

5.2GHz
X band

11GHz
K band

33GHz
Q band

55GHz

Table 2 - 2 GPS signal component

Lt L2
Frequency 1575.42 MHz 1227.60 MHz
Wave-length  about 19cm about 24cn
C/4 code C/A code /
chip rate 1.023 MHz /
code length 1 ms /
P code P code P code
chip rate 10.23 MHz 10.23 MHz
code length 7 days 7 days
Navigation 50 BPS 50 BPS
message
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Fig.2 « 4 Monitor station and upload antenna locations, and their coverage for elevation angle above 5 degrees.
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Fig.2 » 6 Receiving method of GPS receiver.
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Table 2 + 3 Comparison of receiving method of GPS receiver

receiving 1 channel 1 channel 5 channel
sequential high-speed
sequential
comparison
deterioration
of accuracy large middle small
by dynamics
interruption
time of long nothing nothing
positioning
form small small large
cost small small great
propagation
delay needless needless need
correction
receiving low niddle high
ability
power small small great
consumption

Range error with
satellite clock

Satellite 1

~ Range error with
satellite clock

Satellite 2

Fig.2 « 7 Contents of measuring data.
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Fig.2 » 9 The error diamond.
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ELTW 5,

BB Xk >ICGP ST, ZEHRLEEDOERMZRD, 20O
BERMOZEMOMBELY RDOAHD, TOWEMEZEET S5 2
THOBENRFEL T b, CNHLOBEFBRHELTL VY
T5— (Range Error) &\,

VYYLS -, BEPOXERICEREELED, &
BEARALEHRRE, AREORE, BEORTOXE, HED
WEOEE, TREBOMFICLAEE, <INF /IR LBE
7%, SA (Selective Availability) IZ X ABENSD H, TN b
D7 b TEEE ZOMIE, (E1E Table 2 « 4D LS
%5,

QOFEEEEEE (Inospheric Delay)

HEROEmMIKKTEDLN TS, TOEETHEME
T KRk, M3 CTH D, EEATFEEEICHEIC L 5,
CORKBED LTI KBS O DIEAHIC &> TEBEL TED,
BHEE 2L T 5, BEEEIIM LD DR SA50~90
Km, 90~130Km, 130~210Km ¥ X U210Km Ll D>
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HInTns, Chbo&EBOBTFEE LB SIE, KBOEE
B, B, mE, BEZICI- CTEHICEILT 5, Fig.2 -
1 0 IEBEEEFEEORISMER LT 5, BREEIC
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EbNnb,

Q% REEGE (Toropospheric Delay)

KRB & 58I, ZEH,LRIHREOMAIC L
TR BH, ENIEOHEIZ15~30mALOZIEIC % %,
Lo L, RFEBIEICH L CEMIERE ST, @ERE, 1
~3mDERIT T2 5, NRBEITRZE LIBORRIL, Fig.
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@< NF /A (Multipath)
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ZBEPOLTHD, JINVF/NAE, BYLRLOMK, Rt
mzEgn STy EEr L, BHICBW TR T VT B &

Table 2 » 4 Correction of the error

Error Contributor

before correction

after correction

(mean)
Satellite clock delay 0~300 knm In
Ephemeris uncertainty 1~5 n 4 n
Tonospheric delay 0~30 nm 4n
Tropospheric delay 0~30 0.5m
Pseudorange noise 0.4 n 0.4 n
(receiver)
Multipath 0.5 n 0.5nm
Selective Availability 30 n 30 m
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Table 3 - 1 Observation positions and their code address, and position of the chart and correction value

Observation code position of the chart correction value
position address latitude longitude latitude longitude
Nagasaki NU 32° 46.964 "N 129° 52.075° E 0.199° N 0.140 " w
University
Nagasaki NY1 32° 42.134° N 129° 50.847°E  0.199° N 0.140 "W
Yanagi 1
Nagasaki NYZ 32° 42.117°N  129° 50.840° E 0.199° N 0.140 " ¥
Yanagi 2
Hakodate HK 41° 46.916 "N 140" 43.787°E  0.154° N 0.216 " W
Hanada 1N 34° 53.228 "N 132° 03.873"E  0.189° N 0.152 " W
Kakurazaki KK 31° 15.763 "N 130" 17.602°E  0.211° N 0.137° ¥
Kagoshima KG 31° 30.238 "N 130° 31.797 E 0.2117 N 0.138° ¥
Naha NH 26° 13.932°N 127" 40.962°E  0.242°N 0.116 " ¥
Apra AP 13° 27.767 "N 144" 39.023"E  0.000° 0.000 "
Honiara HO 9° 25.32473  159° 57.531° E 0.420°S 0.050 " E
Sydney SD 33° 52.108°s 151° 11.712°E  0.090 "N 0.060 " E
Auckland AU 36° 50.562°S 174" 46.116 " E 0.100° N 0.000 "

Table 3 » 2 The value of PDOP, level and code address

level High Middle Low
code address H ] L
PDOP 1~5 6~10 11~20

WD AABERBARO TRy 7K %EFig. 3 » 4ITR LY,

VAT ADFERRCIT24EOHBE S PE LB SN AT
ETHAHD, WERBLETOFATELHREL, EREES
BDOARTH -7z, ZD7/DIT, PIIATREREIZRESINS B
DO, BEOEBEEDSBHZHEICE, VATFLATHEREE
FIERZEOBE TR TE, COBREEEDRRLIZ PDOP
BETREh5%, BRBESRIHREE L TERINAPDOP
i 1, FOMEIZ L > CBEICH T b, BERBEICE Uk
VRIVICERTE T & A, PDOPE L U NIVDORSG B L UZDE
S#xTable 3 » 2ITRY,

B R A H, M, LOKLV-IVEICKS U TRE »#s
L, £72& V- VEBORIRRREERRHEZRANS & & Lic, &
NE TN BN E ORI & TH L-UZBET 5 b
DT, M, LUNVCowWTRBEIN T, ¥4

WMOFETIRISTERICE, BRI LB 2% TR (2D
3) 72 BIT24MER (BBF) BIEASAIRE & 72 HETEIThH - 775,
1B6FEFHFRDAR—AY % PV F v VY% —BDOHERIC
FOEHEIENTWOT, M, LF LV LT 21T,
FIRAREOKIBIEKIC /25, $6- T, PDOPE%L L)1
KT L T2V DWW CHEIER T o 72, S HiT, BIRZTT
RN ER T A7-DICZBRICERERRR T B L T,
19884E5 A DIF2BEIC L 5 2 RTTHIRZ (2D 2) 1T -7,
BEE PN ER L URISL L)L & £S5 % Table 3 » 3
128 L7z,

2 D 213%%), WHARMBEIGHE, £RLO30% % 5d7:
B, FWEEOBIMCH > TZOEI&FITHA L, 1990F1051C
BERIGMEEr - BRTIY DA LD, TORE KL
Tt B A b, TEEROEINCKE->T, 3 DOEE LM
L, 6EORHCIISREEICAE - 7o, 19914, 15(EIC
7B ERT0%ICE D, 16METHI80Y%, 1TMEICE% L95% &
Z, 19924811 BIZI19fE TIFIT1009% & 75 - 7o, 1993%E2H
LIZ2UE & 72D, TO%IE3DOHLVIVTI00% AT E
B ESIRY, ZOBRITEEROBEMIZHE > T, HLV-UUT
% PDOP 2~3COREBLAEM LIz, T I T, BEEICD
WL, 3 DOH VRV RSO\ THENT LRI L7z,
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Table 3 « 3 The number of satellites, positioning method and level, and code address

Number of positioning code level code
satellite method address address
4 three 3D || 3DH
dimensional K 3DM
positioning L 3DL
3 two 203 it 2D3H
dimensional M 2D3M
positioning L 2D3L
2 two 202 H 2D2H
dimensional H 2D2K
positioning L 2D2L

VA

Antenna
PRE AMP
|
+ i
PSK
RF AMP Spread
Spectrum
& i A
Range Doppler Ephemeris
Keasurement Measurement Gathering
Jr | J
& o4
Position Velocity
Calculation Cﬁllzclunl]ggihon
Position
Velocity
Indication
Personal Data
Computer Record
XY Plotter

Fig.3 » 4 Block diagram of the GPS receiver.
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Fig.3 » 5 The usable time of each satellite and the method of position fixes.

2D3:two—dimensional positioning
3D :three-dimensional positioning
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2 D 3 3 D

Fig.3 « 6 The ratio of the mean value of the usable time.
H:high level; M:middle level; L:low level
2D3:two-dimensional positioning
3D :three-dimensional positioning
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BRI E a4 556, BIRRERAEEME, HE LS
RELLIcT -2 BB 5L, TNHBY AT AOBINCRERE %7
WIETIR2FLH5, 22T, EHEMEILOREFR
OfRfL (&, LUFDJat L39) CEREFRORMN GEFE
B, T Dep (3EF) IKDOWTENT NS L EERZE
RD, %F— 2O D.lat £7zi3 Dep NEERFEDIMEL L
127> 72 b DRFEH L,

2. 3 ®WRBIUEZE
2. 3. 1 pBARM
(1) BEEEScsd3HEED
FEANUTIZI9865E4 8 2 HIE B L7, £ADH
EERBE BRI THo DT, LOVECAROAES
PR CHRANL-DICAEIZBIE»OR27TH £ TEKE LT,
Z 5 A BRI 105 MR TRIE LB BRI oW Gl 5,
BIEMEANICBS YT, 1HDSH 2D 3 E£7:1k 3 DOJIL
DRRETH - 7ol (BZFTRERERTD) &, ToORKZE T

Table 3 + 4 Positioning accuracy at station NU (unit in meter)

Dinmension Level No. of D.lat Dep Distance
Data Kean SD Mean SD Mean SD
H 206 —10.2 45.6 42.0 39.4 43.2 60.3
2D3 M 393 18.9 62.4 10.6 78.0 21.7 99.9
L 128 7.2 90.6 22.0 129.3 23.2 157.9
Total 727 8.7 65.4 21.5 82.6 23.2 105.4
H 103 — 4.6 16.1 27.2 13.9 27.6 21.3
3D ] 148 8.0 34.8 13.0 27.4 15.3 44.3
L 25 3.3 105.2 —13.1 62.0 13.5 122.1
Total 276 3.0 41.7 15.9 30.7 16.2 51.8
Total 1003 7.0 59.8 20.0 72.2 21.2 93.8
203 3D
H Q()
o
M -3 ¢°
L ¢ ° o¢
TN SR TR WO Y TR SHONE AU SO |
0 100

200 (m)

Fig.3 « 7 The mean position and error ellipses of 1¢ at station NU.
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3 ¢ BITAR L7z, F7217HEH L)L C ORI AT e O
B BEETH - 7-DT, 16BLEIEUBICHT T, £X
VD 2D 3 L 3 DOFHBEIR AT EER I OEI 4 % Fig. 3 » 6
WOR L, JUIGCATRERFRIZ £ HIM A8 LT LA KB <

1 B4 D 6R305 Th - 7o BIEIEERRI2I D5 5, 2
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BIE L7-1023 D5 — 2 b, (LESS. 34EE, 31.61FE
ERELSTNTO2EE, ZEVIVPEG SN 729
BOT — 2 &g L CRIRDEE O % 1T7->72 2D3, 3
DOVIVEDT — 2% & Dlat, Dep OFHEL L U
REZRLILDONTable3 « 4T, ZThiREEMELLD
PR (EBRE) & & LICEEREMATRIR L b DO Tig.
3+ 7ThH5,

A& 2 D 3 HC ESE FEic#43m, 3 DHTIERE
HEIZHI28M TH -7, 2D 3, 3DVTFhoBEd, HU
NOVORAIHEIER AR CTH B, HEEESAkEL, M, LI
NV T 3 DLOWI4mA S, 2D 3 Lo#23mOEETH
5%, HEE3SDLA WNW Fi, iz vwiFhid
NNE~ENE FHTH -7z, B, HUNVTIHEERED
BESKELS, BEHAOBEI NIV, M, LT
AEEMIITRRE TH S, Dlat OE#RRFEXIT, 3DH,
3DM, 2D3HTIHWFNH50mUUTFTHY, Dep O
BRETAOMUT TH > /oo - T, BEMED LTHNE
T COEBCERFEELINZ T, ZORMEESRKRICKS
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(UUF A ERZ LZT) O, 3DH, 3DMTI50
~60m, 2D 3HTLWIOmICT ET, Thbic kAR
i, 1994FEHAEDE LB LT, 2D 3HARAEN3IDH
LRBETHD, LHrbmEBEDORMANAIETH >/
BICLTk®D2-3DL, 2D3ME LU 2D 3 LORKME
HER, ThZ2N9135m, 120mBLU180mTH Y, Wi
NH0. IEBERBTH - 1o,

GEDERIC L HH—» BICh3HEDS L, HLX)L
XA DRI TIIA% TH o 7oB, BFIIBITXICER Lz,
CDEDIZ, 1986FESRFT BV TIM, L LV ToORIfcE
FIFE Lz nid, BISCveTeeRsEnE L<E» k-7, £
T, PDOPE11~20D L L~ g TR S % & R Al AERERs
ITHI6HERI30 L7 o 7o, ERBZEIZ3DH, 3DMBXU2
D 3 HTiE, DlatB#H+10mEAHTH D, Depid30mBEE
CFHETE, EERFEZ, 3DHTIO~20m, FOMTL30
~50mBETH - /e RAMERZL3IDH, 3DMTH0~
60m, 2D 3H, 2D 3MTii3 DMDITTE2AETHY, 3
DL T4#136mT, 2D3MEVEBPKRELLLDET
%o f:o

INETORRLY A5 LOFIRTTRER BT PR D &,
ROONIFLBOEE, TOVATFLAOBERICETSER
LD, L THNEBREICRT5EBEOTEL OV TE LD
BN SEDORE R L TTable3 « 510m L, 20
RED, FEROBPLY AFATREHEBIZOWTLTRIHE
TAHYATF LTS, Thice LAY A7 AOBIREED,
2D 3HTH100miZd &9, BAFRID Z O TIZHEIFLw]
BERFRZCRERI LIS T X0\, RERDB OBV AT AL
X, BREEERLE L, OZEB 20 TRROY 2
FAEE 2 A, TDOBRELVOFEEZFIALT GPSIE
BOFATIRIC L - T, FoheusvA, CHLWIEA A
HRNNS SZLOELERITE BN, T Y v FfiEEICVS

Table 3 « 5 Comparison of the positioning system of every kind

Positioning Usable Usable Position Reliability Automation
system place tine error

Cross Range condition Weather condition about 100 m Technique

bearing Cross angle Day or night Chart

Radar Range condition Weather condition about 100 n Technique Partial

fixes Cross angle Chart automation

Celestial Global Weather condition several miles Technique

navigation Day or night Time

Decca Range condition All times about 100 m Operation Automation
Cross angle

Loran C Range condition All times about 500 m Operation Automation
Cross angle

Omega Global All times several miles Operation Automation

Correction
NNSS Global Altitude condition about 500 m Operation Automation
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BLE) ANLNI,

(2) BEA-EATORED

e B RIS B0 B AT EERER] & BIRCKE BE 1T B Hi SR /-
B, BEESDECEETRERSAEIO/FIZE - T, B
ERRTHBEHEARLS L, BRIk TEEORELE(L
THMG, BIATEERHESCEHREOEAGEBRELD, Zhic
o THRBEOELAFHEIND, 22T, $FRBICE
I BRE - 2R CRICERAEZT, ZORWTD
WTRHET> 7 T/, CO%E, ABROZEETD,
FEEBOBVICLVEERRZZELTFHINEDT, £iIC
RBEROZER 26%FH L TABE OB 21T\, T1E
RABREORE CRAIRLTE 5 T L 2R L7,
BIEIF1987EIAICNU ENY 1 D EAICH W TI0HRE
bz, 105 HERTT - 7%,
FETEXLERIMTSHY, 2D3LIDOERE, W
BHAE DHT0% L30% T, IZIERMUTH - 7,
F—ZBEINUD2MEENY 1 DA TH Y, FhdHIC
DWCHINEE B BE L/,
FECTHERACELHREORAGR LELVEDT — Z K
#Table3 « 6, 3 » TIRL, TNHEOHEOEASE
D>H, NURFICHERE L-EH4A5%133D T34, 2D3
T3HABY, NY12F0s0ik, 3DT28, 2D3TlE
Roni, LhL, IRHOEAGRTOT—ZEITWTHh
b, AL BR0KDIDDSHL LNIVHBGT

%50, HIZHL VAL, HIENCd Ehh -7,
2D 3 TAMBEATHVRVBETE/=DE3 6+ 90D
HMARHDRTH 72, CTHHDIHTF— ZEAIMEL LD
DI 2WT, Dlat, Dep DOFHfER L UIEERESRD,
Table3 » 8, 3 « 9IRL, FHMBEOSMIKELFig. 3
s 8IIR L7z, COXDICHEDHARRINICRES LBWAT
DRENKEEIC e D DEVBRONS, FHICNY 1 TD3 -9
¢ 112612« IBIFHICKESRALL, LAL, ThD
FFhnd T — 28510, 1984, ZTOMOBEI,
{FIFIL60m ~F40m, H80m~FE20m CTHAE, i bic
100mDFHEN TH - 720

NY 1idNU» 51928, MEEE4. 9BE (F99%km) O T
B, B COROBMS, KTREICIHT LA EERT N,
¥, BEOEERN20,000kmTHY, AANPLHEL R
BBAOREMIHI0.0IEICT E RV, ThICLhhbb
T, BRLICFIRT AEENELLHEC, RARLTL, NU
T 3D THIZECEADIL,NY 1 T 2DDT E58H - T
Chid@A &S ARBUICEEN/ M TH 200, HEH
FELDUDBIE -7l LILE 5D EEZ DN S,
DL EVOETRONLD, HEATOUMEEL 2
D3 &3DDLVBlICKDS ETabled « 1 0D LS ITHk
%, 2D3H, 3 DHOFHMEINTITHRS~FI20~30mT
H»Y, 2D3MTiE Dlat RIFLAERAUTHAH, NY 1
PARESHEMBL, 3DMTIHFEA & SSEH IR L7,

Table 3 « 6 Number of position fixes taken by combination of satellites at station NU

Conbination of satellites Level
3 6 9 11 12 13 H M L T otal
® o ® 33 4 3 10
® ® ® 1 7 6 14
O (@] O 2 2
® ® ® 3 14 1 18
O ] 0] 5 5
2D3 @ ® o 7 31 38
@] O 0] 1 1
o @ [ J 8 8
® ® @ 72 36 108
® ® L 21 21
Total 39 131 85 255
o ® ® ® 3 44 47
@] O O O 3 2 5
e o ® ® 1 2 3
3 D @ ® o o 2 5 8 15
® ® ® o 1 1
O (@] O 0] 1 1
O O O 0] 1 1
Total 6 13 54 73

2D3:two—dimensional positioning; 3D:three—dimensional positioning; ® :measured at station NU and NY1;

O:measured at station NU; H:high; M:middle; L:low
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Table 3 - 7 Number of position fixes taken by combination of satellites at station NY1
Conbination of satellites Level
3 6 9 11 12 13 H M L T otal
] L ® 28 2 2 32
[ ] ® o 7 8 15
o ® ® 5 10 2 17
2D3 @ e o 5 34 39
® ® e 3 6 9
® e ® 72 42 114
® ® e 19 19
O @] O 1 1
Total 37 115 94 246
L ® ® { 8 52 60
0] O @] 0] 2 2
O 0] O 0] 2 2
3 D ® ® ® ® 2 2
® ® ® o 2 10 8 20
o ® ® 2 2 3 7
Total 6 22 65 93
2D3:two—dimensional positioning; 3D:three—dimensional positioning; ® :measured at station NU and NY1;
O:measured at station NY1; H:high; M:middle; L:low
Table 3 » 8 The mean values and standard deviations of D.lat, Dep and Distance by
combination of satellites at station NU (unit in meter)
No. in Conbination D.lat Dep Distance
Dimension Level Fig.
3-8 Satellite No. Mean SD Mean SD Mean SD
High 1 3, 6, 9 1.0 26.6 13.9 50.8 13.9 57.3
2 3, 9,11 - 20.4 72.3 18.0 75.7 27.2 104.7
2D 3 Middle 3 6, 9,12 22.6 37.5 25.2 98.0 33.9 104.9
4 6,’ 9,13 60.8 74.9 -2.4 68.3 60.7 101.3
Low 5 3,11,13 —-40.1 103.3 -3.1 77.4 40.2 128.1
3 6, 9,12 27.5 52.1 10.3 140.3 29.3 149.5
3D Low 1 3, 6, 9,11 0.7 50.1 -16.2 83.8 16.1 97.6

SD:standard deviation

2D 3 LEEARIKREVD, ZTOMOEEIFOmICT ¥
2\ 3DL CRER A2 LORMER/DNIVHOONUT
i, SFEMERER L, LaL, &UNIVOFEMEBILRE
AR £20m, FEAI3m, RELS5mOBRICEE L T\ 5%,
EHERZES, Fig.3 « 9iTRLA2 k21, 3SDHTNY 10
FHBPEL, IDMTIHIFFELWESE, WIhENY 1
DHBRRKE LTI bDOBEERBMIT L PR TH
-7,

HIE LB ORAMBEZIL, 3DHUMAMINY 1 0K
BAREL, BIZ2D 3 L TilE281mTH0. 15E Th - 72,

CDEDIENY | CTRIMERENPKE L L-7cDiL, DepDiZ
BRESZNICEIAR EBFEL WS, TO—FHE
LT RIGH OREREMITIRBASATH A0, AH
KEDRGEPBEITAZLBELONDN, TORBHIHA
—FIUUTTHY, ERLTEIV, BEDNIHLHENLD
KABEIC Y VFU—Va VBRED L, BROMESEER
THDT, GP SPR TITEBEOFERIC 5 LR NTW5B,
ZhiZ, BOBRETRAIETS3DOBELD L, EOFHE
THIRLT % 2D 3 DL BPHEBERIRKEN D EEZLNS, &
72, BRI, 5o AEED X 5% L FE TIIMBOMRGES
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Table 3 » 9 The mean values and standard deviations of D.lat, Dep and Distance by
combination of satellites at station NY1 (unit in meter)

No. in Conbination D.lat Dep Distance
Dimension Level Fig.
3-8 Satellite No. Mean SD Mean SD Mean SD
High 1 3, 6, 9 -10.9 50.1 25.3 86.1 27.4 99.7
2 3, 9,11 -135.2 72.5 91.9 112.4 163.5 133.8
2D3 Middle 3 6, 9,12 15.3 42.5 66.1 104.8 67.8 113.1
4 6,12,13 100.7 78.3 -23.2 88.2 103.3 117.9
Low 5 3,11,13 19.0 157.3 48.7 140.7 52.2 211.0
3 6, 9,12 13.8 87.9 34.7 224.9 37.4 241.4
3D Middle 2 3, 9,11,12 - 22.2 35.4 73.2 36.1 76.7 50.6
Low 1 3, 6, 9,11 8.0 73.5 -13.3 120.7 15.6 141.2
SD:standard deviation
(m)p 203 3o
B4 ozzsel
100 W H HCON o
gof
A4 L
60 | | \‘
1
or A3 ' " ql!l'y/ ﬂﬂ!
A A-3 - B5 B3 .- ~__~
20F  gq T
A . Al - —~.
or A e B1 0 s e -
A1 .2' ,/ \\ ,' \\
i A- B[j2 L : ‘ ’l '\ ° ,;
A5 ‘\\ ,/ \\\“_“‘z/
-40 | A NNy P
...so =
|IIllIIIIIIIII‘JlIIIIlIll'
O 100 200 300 400 500 (m)
_.BO -
—100 | Fig.3 « 9 The mean position and error ellipses of 1¢ at two sta-
tions.
—120 | @:observation position; O :station NU; @ :station NY1;
B2 2D3:two—dimensional positioning;
—440 L L 3D:three-dimensional positioning
40 30 6 20 40 80 80 (ml) H:high level; M:middle level; L:low level

Fig.3 « 8 Distribution of position fixes obtained by combination
of satellites.
A:station NU; B:station NY1;
-®:observation position; 0:3DM; A:3DL;
0:2D3H; =:2D3M; A:2D3L
Numbers refer to combinations shown in Table 3-8 and
3-9
BEAMV -7V LR, BEABEE TS L, BE
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LTCRERLBEDOPLEW BT VT E2REBEITNETH
D, TVTINBEDORBENEETH D, LT HI Ly
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REERIRLTHD, 7B IAZEHEOEH LE
glL-bhDtELZDLNS,

DED XS RBGOZERIZEWT, 10HEDRRAE Y
fTol MR, ZETELHETVTNH6METHD, AZF
RERFRNITIER U Ch - 7o, BIMKEEER 3DH, 3DMTIR
ZEA EERRD 2D OD, TWERADERESTWIZ S
pbo T, WICFIR L BEESPEERPRLLGED
Ron, ZO X5 HEICRERBEICEZLOEVWERON
7o ER—FEAIC KT AW TORMER, ZORALOTT
) & B D— T E i & b —F LW T e S o T,
BEESDICZOBRBETIE, BEOREIC LY &4 O
EPELBEHBPORITE T,

(3)  HHUTHT BRI DWW

INE TRECTOUMBEIC DWW TEFHEATT, 2D3L
THRAMERZEIOMBETH Y, KEMTHO—RiR
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Table 3 » 10 The accuracy of two measurement stations (unit in meter)
No. of D.lat Dep Distance
Dimension Level Data
Mean Sb Mean Sh Mean SD
H 39 0.1 28.4 21.6 50.6 21.17 58.0
2D 3 M 131 19.9 65.6 15.7 88.7 25.4 110.3
L 85 -11.0 85.1 16.1 120.8 19.5 147.7
NU Total 255 6.6 70.1 16.7 96.1 18.0 119.0
3D H 6 ~4.9 21.7 30.6 51.6 31.3 55.9
M 13 ~-10.4 28.9 37.6 56.7 39.1 63.6
L 54 -3.9 53.3 -3.4 87.5 5.2 102.4
Total 73 -5.1 47.7 6.7 81.6 8.5 94.5
Total 328 1.0 65.9 14.5 g93.1 15.0 114.1
H 37 -8.6 48.6 30.8 78.9 31.7 92.6
2D3 M 115 21.2  92.9 55.6 112.6 59.4 146.0
L 94 -2.8 127.2 50.4 192.1 50.6 230.4
NY1 Total 246 7.8 103.3 49.9 144.5 50.4 177.6
H 6 -8.6 21.6 20.3 39.4 22.0 45.0
3D M 22 —-24.1 45.4 46.5 47.5 52.4 65.8
L 65 2.4 77.4 7.6 136.1 7.8 156.6
Total 93 ~4.6 69.2 17.6 117.3 18.1 136.3
Total 339 1.4 95.2 41.0 138.2 41.1 167.8
NU:Nagasaki Univ.; NY1:Nagasaki Yanagi;
H:high; M:middle; L:low; SD:standard deviation
Table 3 » 11 The usable time and the ratio of each level at each station
2 D 3 3 D Total
H M L T H M L T H M L T
Time 2-25 2-38  2-07 7-10 1-08 0-16 0-15 1-39 3-33  2-54 2-22 8-49
(h-n)
HK
Percentage 27 30 24 81 13 3 3 19 40 33 27 100
(%)
Time 2-36 1-10 2-55 6-41 1-06 0-35 0-05 1-46 3-42 1-45 3-00 8-27
(h-m)
HM
Percentage 31 14 34 79 13 17 1 21 44 21 35 100
(%)
1('}'1‘"13) 2-12 1-39 1-48 5-39 0-20 0-268 0-13 0-59 2-52 2-05 2-01 6-38
-m
NY 2
Pertée/n;:age 33 25 27 85 5 7 J 15 38 32 30 100

HK:Hakodate; HM:Hamada; NY2:Nagasaki(Anug.)
2D3:two-dimensional positioning; 3D:three-dimensional positioning; H:high; M:middle; L:low; T:total
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BRI & o TG BHRBLY AT LA TH S EBEPTE
2o Lp L, RIBOZESARRAEOKR, H#V0£ERH
72DT, ENORLZSEATOHELY S LI, BFICLS
BURTREEE D&\ D\WTHRES Lz,

BT 1988FAETREMR RIGH” OFBHIEBICHT 5
FrEork, WAEE (HK) SERE (HM) B LUEKE
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Lk &, FOEE S EHIZTabled o 1 1ITRE Lz,
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MARONE, Thit, COREICEWTIE, BEE D
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Table 3 » 12 The usable time classified by sea area

Observation Date 203 3D Total
area (h-m) {h-n) (h-n)

1 Hay 24 8-15 0-21 §-36

2 May 30 7-06 1-36 8-42

3 June 3 6-13 1-54 8-07

1:off Shioyazaki; 2:0ff Akita; 3:near Iki channel

2D3:two-dimensional positioning; 3D:three-dimensional positioning

Table 3 « 13 Comparison between the data of one day’s measurement and
two day’s measurement in HK and NY2 (unit in meter)

Station Dimension No. of D.lat Dep

Data Mean SD Kean SD
203 421 - 7.3 35.7 35.0 67.0
1 day 3D 9 - 0.9 16.4 44.1 18.6
Total 520 - 6.0 32.9 36.7 60.9

HK
2D3 868 —11.8 39.4 19.6 68.7
2 days 3D 178 0.9 13.8 32.6 22.8
Total 1044 - 9.7 36.7 21.8 63.5
203 333 12.7 43.6 - 4.3 64.1
1 day 3D 54 45.7 16.3 - 8.9 39.8
Total 387 17.3 42.4 - 4.9 61.2

NY2
203 687 10.4 51.2 -12.7 177.5
2 days 3D 95 51.5 16.5 —10.7 39.4
Total 782 15.4 50.2 ~-12.4 174.0

HK:Hakodate; NY2:Nagasaki Yanagi
2D3:two—dimensional positioning; 3D:three-dimensional positioning



FIRF RS 5B e i

775 (1996) 31

Table 3 * 14 The accuracy of three fixed stations (unit in meter)

No. of D.1lat Dep Distance
Dimension Level Data
Hean Sh Mean SD Hean SD
H 143 12.0 19.6 38.6 48.5 40.4 52.3
2D3 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 -7.3 35.7 35.0 67.0 35.8 75.9
HK 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 31.7 32.0
L 15 4.2 26.2 55.4 28.3 55.5 38.6
Total 99 -0.9 16.4 14.1 18.6 44.1 24.8
Total 520 —-6.0 32.9 36.7 60.9 37.2 69.2
H 156 —-2.0 30.4 55.2 55.5 55.2 63.3
2D3 M 58 —-20.9 38.9 18.4 96.7 271.8  104.2
L 175 —126.7 3.1 26.0 92.4 37.3 98.5
Total 389 —15.9 35.3 J6.6 81.7 39.9 89.0
HM ‘H 66 —12.3 15.5 3.3 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 21.7 25.2 35.9
Total 493 —-13.2 33.5 3.1 73.8 36.6 81.0
H 132 29.6 21.8 8.8 30.4 30.9 37.4
2D3 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 13.6 —4.3 61.1 13.4 71.5
NY?2 H 20 44.7 5.7 -27.1 12.7 52.3 13.9
3D M 26 44.0 18.5 2.5 25.5 44.1 31.5
L 8 53.6 24.9 -0.5 87.17 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

HK:Hakodate; HM:Hamada; NY2:Nagasaki
H:high; M:middle; L:low; SD:standard deviation
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%,

(a) HK, HMW & TZFHELES ENE~SE ~30

~50mfRfz L, NY 2 Tid, NNW~NNEJ5H~FRERL
FTHEABRBNS,

(b) &WAL S, WU~V THNSE Dep OEE(R
#£i12D 35 3DDO2AEEITENLLETH S, Dlat O
EEFEEL TN A0mUTTH Y, BiHEO/NSY it
INEW,

(c) &BHZid Dep OERFEZEDF P Dlat OZ7Fh &
DHAEL, BREHAICNATYF, BEBEAIEEOMMKY
RLTW%, L2L, RDAEVWHMD 2D 3 LOEBETH
Dep OEMERZEIZI0mME T TH 5, 7 07z BH%Ths,
W NOBE 68K BEMBMOELRI0. RN TICT &
0,

(d) 3 DOBIRCEEICIZH i 7D bhit»
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Fig.3 « 10 The mean position and error ellipses of 1¢ at three stations
A(O)Hakodate; B(®):Hamada; C(0):Nagasaki yanagi
@:observation position

Table 3 + 15 The usable time and the ratio of each level

KELWERD S, Chid, EBMEORickY, ALA
AGRTHEIEDROEE L HAAICERD D, PDOPESA
BlTHIEICEBBDEEZLNS,
(4) BINIATEERERIDILRIC D\WT™

CNETORTICLY, 3T T, BOTEBET
BISTATRE: O & BB T & /o, L L7 BBIRMO T Dk
BT, FIA T2 2HERII6METH D, PDOPE20LIT T
A2 C = 25 2 I v RERRRET &3-S, RIBCIIRIIIC &
&L DETDHD, BIRTREREIL6~8REICIR >N 5,

Observation 2D2 2D3 3 D Total
Position H M L T H M L T H M L T H M L T
Time 3-57 3-57 2-25 2-38 2-07 7-10 1-08  0-16 0-15 1-39 7-30 2-5¢ 2-22  12-46
Ch-m)
Hakodate
Percentage 31 31 19 21 16 56 ] 2 2 13 59 23 18 100
(%)
Time 3-59 3-59 2-36  1-10 2-55 6-41 1-06 0-35 0-05 1-4G 7-41 1-45 3-00 12-26
(h-m)
Hamada
Percentage 32 32 21 9 23 53 9 5 1 15 62 14 24 100
(%)
Time 3-45 3-45 2-12 1-35 1-48 5-35 0-20 0-26 0-13 0-50 G6-17  2-01 2-01 10-19
(h-m)
Nagasakl!
Percentage 36 36 21 16 18 S5 3 4 2 9 GO 20 20 100
(%)
2D2:two—dimensional positioning with two satellites; 2D3:two—dimensional positioning;
3D:three-dimensional positioning; H:high; M:middle; L:low; T:total
7B, 2D3THASICL-T2D3IMR2D3LDOF— 2% Z T, BSATHERRA A EER T 57201, GP SZEBICE

RERBR v ERTNI2BER L2ZETELVEATL 2
WICHICLAFTRET, WIRLATRERF A LR A LA TE 50
T, ZOBEOBMNEE OFHE T > 72, 72721, ZOBE
DRALIZER] L LT, PDOPEASL T ORHCIEHh 5,

WER, FROMEATHIRC, ZEBCERERES

(NDM-13A) ##5#t L T - 72,

EOBHBIZ LA 2R (2D 2), MEOBEICLS
2KTEBIL (2D 3) BEU3RTHER (3D) THELA
NABD PRI FTHERSR & % D%l &# Table 3 « 1 51CRY, £
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B ATRERSEIR HK & HMCIIG12B L TH - 125, NY
2 TIHSBHEN OB EHZE R { o 7o i dI108
RIETH o720 UL, 2D 2VFhbIg4EHT, 2F
D¥IN% H EDT, 2D 2 TIRBIMICFIFST AHES2ED
ATH D0, BREOBIH6ME~TE CRIAL AR 236~8
BRI IC BRAE X N T2 19884 SIFIC 36\ T, £ N AR
CEL A, TAMECOMERDSS, FIAZICE-
THEDERESDTH 72,

BEESVEVEE, BRICHETE AHEOMEA AT
ReEah, A—Eaa4 CORM LB ERRMEEE T 5,
Z OO RELBORAF I RS RSN A 58715
$, O LS HEMBOSAEEL 2 D 2 DBAITLET
5D EEZOND, WEMBOSHO—HFIL LT, ZO%
T D R E Th - -HK COBER S8 L 11O A
ERBLIUNY 2 TOILL13OBEIC OV Fig.3« 11,
3¢ 1 2R LTz IOBIRWETNLFMORR &I E
HENRAIL, 5B C2ER L LEEEICEL, PDOPEAS
DA _BiC 75 0 BIEANEE & 75 5 7o,

2D 2 TORNKEEATabled » 1 6 IR d, THES
EA, FHMBEE DO loDBEERMA%Fig.3 « 131
i

(41°N) |

47.3"

47.2° @

a7.1° _
43.5° 43.7° 43.8° -

43.9° (140°E)

Fig.3 « 11 Distribution of position fixes obtained bjtwo satel-
lites at Hakodate(satellite No.8 and 11).

B, EECTORAMEBRZEIT TN ZNHI13Im &#9145m
T, CAE2D3M~L EFERLUETH -7z NY 2 TD
FhE184mT, ThiZ2D 3L LY H#E50mKE ko
7oDHETH A,

COBIZ, GP SEEBICERERIERLERT A &I
IV, XHEOZIC L AHN LA LD, &M s PR
BERSFRI R IOARSRIR < Te o 70, 2, SEERRBHERICL
HEEHMD SR, FTOWBEEL2D 3L LABRETH- 7.
Tinhb, HRBIIC BT ARG ATREREOERIC T 570K
DRRDHNT,

(5)  HHOERITIT 5 BRCREES

GPSWHLMREIN-TBHHEVATLTHY, ZOH
RO D\WTIE, BASEERT Tl <, R A 720 KERH
ZOWTHE L TE BB ENS, £ TAETHEEM
T BN OEBHETICEE LBAOMMS, Tihbb,
EBROEREFICH ST 75 LEFROERERICH 5
7 SBIUFRERILH SV FZ— KBV TRIREE DR
lhfT-70 %P6, 2 TRERMHICRT 5GP SORMA
FE3SDHOAEFHEINST L&, TOREEEMST:
B, 3DHIIZOWTEHT L7,

B4 L T OB B L UREEMES I Tabled « IR L7,

(32°m |

42.5"

42.4°

42.3°
50.7° 50.8° 50.9°

(129°€)

Fig.3 » 12 Distribution of position fixes obtained by two satel-
lites at Nagasaki(satellite No.11 and 13).

Table 3 « 16 The accuracy of three fixed stations for 2D2 (unit in meter)

Observation No. of D.lat Dep Distance

position Data Mean SD Hean SD Mean SD
HX 219 —-24.6 49.7 17.1  88.1 30.0 101.2
il 236 16.5 39.6 68.1 63.5 70.1 74.8
NYZ 217 61.3 68.4 36.0 89.5 71.1 112.6

HK:Hakodate; HM:Hamada; NY2:Nagasaki Yanagi
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Fig.3 + 13 The mean position and error ellipses of 1¢ for 2D2.
HK:Hakodate; HM:Hamada; NY2:Nagasaki yanagi
@robservation position

HE R, FEMICL - TERB - 72D T, HEAEHS
BEOBET 1 AN ) OFHERD, FECORMNBE
%#Table3 « 1 7TIZR L, BARMOARLHMICIT B Zh%
Table3 « 1 81Z_ L7,

19884E DRE TI3 KM & FIR TR A BERII6@E T,
MLTTRERFRIL 7T~ R CTH o 72, TDHHL3IDHIE, 775
THIAY%, BEROB=T S, v Fo—Tid, £429%, 42
KTHD, WTFNLEBICET 584 (10%FKME LDd%
Polz, COMICHIT S, RBTORAMBEBRZEITIS0~90m
T, 1988FEDFNIT66m TH > /2o FHITHN, FZT 5T
Z60mTH B2, 775 CIHEEREIT0mER LM
DD, Dlat, Dep DEBEEIL L BITKEL, ¥V FZ—TiE,

EERERAE VD, BAMEREIZNZNI80m, 125
mTH -7,

PEDZ biph, 1986FDRITRMHYRFL, 7oy 7 1
E6D-— H ORINFTEER ML #06RFEI304 Th D, 20
55 3DHEEFEDINLICLEVEZVWEETH -7, LI L,
1986413 CESE A MIZA T X, D.lat OFEBEET -5
m, Dep ODZFNii27Tm, BEFEIVITNHHISMTHRLX
EREISOMBE TH - 7o, 1988 FIAIRO LM THIE L
7o, ZTOEEREZIVCITNL2mEABICBEEFNNFYFiL
INEhpot, L L, ZOEEZEIT DlatT —12~45m,
Dep T& —30~45m L EMIC LD 7 D DERPBR SN2,

BT B\ TS AL ATRERS R4S 0 - B DO, FERE(RE
FhE L, HRZRE L Tz, COEIIEHEDOEE ALY
BRPLTH - 7o/, BEROPREFICHSY Fo—Tik
RIS AR A 00 T o 7B, fih, BESEF TS
DIZ3 D TORMKRINRLS BB EED L D7, HEENLR
bhiz,

2. 3. 2 HEgpw
RERIAL, 1989F11A» CEBREEFRIO1990F6 A EHE T
D, RO AMEWETH & 19904E7 A 2 B19914E10 8 £ TD
D CEREE RN AT RETH » 7B 5T b B,
AT 7oy 7 IEENR <IN LB THh B, 2D
M, kKEICLARAENPDOY AT LT A PO, BIRICH

Table 3 » 17 The accuracy of ports of call of overseas in a development stage (unit in meter)

Year Station D.lat Dep Distance
and
Month Mean SD Mean SD Mean SD
‘88 8 AP 50.8 15.8 154.6 6.5 162.7 17.4
’88 11 HO 19.3  12.1 34.0 15.8 39.1  19.7
’88 11 SD 12.1  33.4 48.2 67.2 48.7 175.0

AP:Apra; HO:Honiara; SD:Sydney

Table 3 + 18 The accuracy in a development stage (unit in meter)

Year Station D.lat Dep Distance

and

Month Mean SD Mean SD Mean Sh
’86 12 NU - 4.6 16.1 27.2  13.9 27.6  21.3
87 1 NU - 4.9 21.7 30.6 51.6 31.3 55.9
’88 8 NU 44.7 5.7 -=27.1 12.7 52.3 13.9
88 12 KG 11.6 21.2 -—40.9 27.0 42.5 34.3
’89 8 NU 20.5 15.2 - 1.6 45.8 20.6  48.3

NU:Nagasaki Univ.; KG:Kagoshima
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FACEHEFIR LA TL6~10EOH THBEEDEL
7oe COMICEIE L1, 12BBLU2, 3, 4B DR % Ta-
ble3 « 1 9107 Lz

LB ICEREIMEICHEN L b0, ARICRONS X
51z, D.lat, Dep OFE/EFT VTN HITIFL0mMICEH KT,
EERETEHICKE S, Dep DENIZ200m ETH - 72,
RACHBERKITIVEIC - 724 D®, Dlat, Dep OER
ZITXHICAEL LY, BIC Dep DXTHIEFTE LM TH
—730mTHo7z, Lo L, BERZEIILADL/4~1/TITHE
Y Ui, 2RACHBERFEIBUME L k-7, ZDOKD Dep
DERENP200mE ETH - 7z, SRICHEHBULEOEEBF
FBT%, 3DHTORAMI—BRTIEH - 722879%17% 0
COBEODJatOFEBRZITIT LA FEL, BERFEIIIONE
F, Dep OFEHBZ=ITm, EEREISmEE TH- 7/,
oL, 4A0HEEIBU6MEL LD, FAMERZEIT2000
mEB L, ZO XD ICRABRHORHIC i) 2RI EE T —
FERITEEL, ERE, BEFEELDICKEVEGBEDL-
720

FHIC W, EEAER VR LAFRWEZEERIT
19904E9 AT i3 1418, 108ICiFI5ME ko7, £/, F4FSH
KA Z7D7Y r— MEERABHVIRICIE SA BRI T
Wiz b E 2 b ADPEERIIRBETH 5, 1914611 ICIIHFY

SA BT Oz EEDNS, BEREZIIIL1990ETH
~1991410 A ORITRIC RIS E S RE L T DT, REk
BOBE Y Lz, COEO 3 DHORINIERE OB % Table
32 01CFET,

19904£ D9 A & 10 IC A3 BEDBIE % 15 ffR T1T - 74
£, 3DHTOHENII64% % bz, T OB TORIRIRIRE
BRI TIE 198304 C, £D 55 2D 2 TORRLIII%IC
BES, BLERRBLFEL COBMY, ZORKE#K 2
TebDEE 25, 19EOHERITIS~16/ET, BILLATHERE
i 2 RITCBINL 7 GO NITITIT24RRE & 7% D, D553 D
HiZ64~T77% % 57 1990 D3 A LIE SA BERh,
BTEEZETIRAFRBELNTVWEEEDN TS D
DDTable 3 » 2 0127 L7z X512, Dlat DFEBREIZII0m
K, Dep DX NIFAOmBE T, ZOE»LEEETIIIT
RELTERLLE 25, CORETOREREDL, BEHD
EINDoh, KERE L TN, COFERITBRERSHE DL
Beox, 199140108 £ COERFZT Dlat, Dep & i
15mUTFTH - 72,

OB ABBATORELT 75 Ly F—TfT-
7o ZORD 3 DHOPIRLKEE A Table3 « 2 11Z3R9,
AIC 0 %5 3 DHOEIAE, BETIIS%IEE kb -
fots, TS TTI0Y, ¥ EZ—i351% TH -7, BEEHD

Table 3 « 19 Variation of the accuracy in a former term of the test stage (unit in meter)

Year Station D.lat Dep Distance
and .
Konth Kean SD Hean SD Mean SD
’89 11 NU 98.2 161.3 112.6 205.8 149.4 261.5
’89 12 NU 473.8 46.9 -732.1 29.2 872.0 55.2
'90 2 NU —34.6 23.5 228.9 50.1 231.5 55.3
90 3 NU - 0.1 42.2 34.9  25.2 34.9 49.2
90 4 NU 214.5 1215.7 887.4 548.1 913.0 1333.5
NU:Nagasaki University

Table 3 « 20 Variation of the accuracy in a latter term of the test stage (unit in meter)

Year Station D.lat Dep Distance

and
Month Mean SD Mean SD Mean SD
'90 9 NU 8.7 13.4 39.2 13.3 40.2 18.9
90 10 NU 5.4 12.1 42.6 11.5 42.8 16.7
'90 12 MK 11.8 11.2 25.4 14.5 28.0 18.3
'91 4 NU 5.6 12.5 39.8 12.9 40.2 17.9
'91 5 NU 5.2 12.4 42.0 12.9 42.3 17.9
91 6 NU 3.6 11.7 41.0 11.3 4.2 16.3

NU:Nagasaki University; MK:Makurazaki
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Table 3 - 21 Variation of the accuracy in the test stage at overseas stations (unit in meter)

Stage Year Station D.lat Dep Distance
and
Month Mean Sh Mean SD Mean SD
Former ’89 8 AP —124.6 22.9 69.7 141.8 142.8 143.6
Term 89 12 SD 15.8 41.9 53.1 53.9 55.4 68.3
Latter ’00 8 AP 76.5 11.6 163.1 11.3 180.1 16.2
Term ’90 11 SD - 8.9 12.0 50.4 11.3 50.9 16.5
AP:Apra; SD:Sydney @
- : e 88 4 ®
oo COBE T, SPELOBERBMNT VNSV A
THAZ LICED, BERTIIAMIRERBIENLOD,
HENPEDT L7203 DHTOEENEL K AEA%2TR L,
BEEIINU &IFIER U130~150°E T & [k & bk THulgE
BRDBNTc, ¥V FZ IR ARAMEREILI8FEDL
NEFLAEEDL LR 572000, 775 T Dlat DEZ
BEZDATVTNLKREL, BRAUEBEZEIET280mTH -
Foo iz, COROEKICKT S Dlat, Dep OFEHEE, & B9 4 ®

BREEI L DICRERT, TEREIT8~113m, FERFEZET
161~206mDFHE THEIL L, HAMBERZEIT4I0mIZBKA
72,

BHOBE AL, 1990FEDT 75V Fo—Thb, f-
T, W CIE3FERMER L CRIE L &Il b, W To3
FEEORREE OB OWT, FHE L loDEERM
#Fig.3 » 1 41ITR L7,

CORNCRBIT ABEFITI4~16EICEEINT S & &I, —
HOBMEOWELE L ER SN, 3 DHOEETRR LA
FEEAEERELZY, 775, ¥ F=—T6%0Itk, RE
TH64%TH - 7o

M B 5ZE#EFET D.lat, Dep & &IC 12mEE T
NIGYFFNPEL, BOTEEL TV, Y FZ—TBT5
D.lat OFEEET, +10mEKMTH Y, Dep EREFTOEN
E0BIMBEAEL okl TERW, LAL, 7T7/5T
{% D.at 7376.5m, Dep #3163mT, RRKELMEE 75572,
HERTRBAOBICEET A6, BBEORFOEN%H
WABR, T75OBEERNIRE UlHR 2 I L BRTH D
7o H1989FERR & 19934 TIdiaE, BESREL > T,
#oT, MIERTERVWDDD, 7TTSORENER AL T
WiEEK X B BB, bIRAICI9IFEROEBRIC LD
E#47> & D.lat i32.4m, Dep 247.6mic7%z 0, EIFCE
i AE S FEREEICE - 7,

2. 3. 3 eI

19914E 11 BICid B U SA BET bh, 19945F37E bk
LTkD, $HBLBRII SNV EFHEIN TS, 19914F
11 Az ¥ % Dlat,Dep OBEERZEIN20mMTH Y, 12A1C

®
80 4 v ©
AP sD
Illil’lllll||ll|
(0] 100 200 300 (m)

Fig.3 » 14 The mean position and error ellipses of 1¢ at Apra and

Sydney for three years.

AP(®):Apra; SD(0):Sydney

@-observation position
{Z30mATHIC 7z - 7o, Table3 « 2 2 ICHESZHAIC F51F 5 &£4F
DILA, 128 L19M4FES BORMIEE AR L1, ARICAED
NAHXINCEBEIOMITEA YL, Dlat iX10m
KW, Dep i2iFIF40~50mTh - /oo 1992 OBEHIITH
Z17{8, 1283198, 3 DHOEIEE, TAM96%, 1273
298% 1 » 7o 1992 DRMKEEL, —FMzR LT,
191FD12R LIFERI U Th - 78, HEHOEMZ LY 3
D CTORLOEIE M Uiz, 19934FICAY, HEIIEH
ICHEIN L CLAR20[ 872D, ZORE»5 3 DA100%ICR -
7zo 2RICIZ2UENC 72> C3 DHAL00%IC 72 D, Thblfkid
BEHOBEINZ L > T, 3DHTH PDOP 220EI5 535
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Table 3 » 22 Variation of the accuracy in the establishment stage (unit in meter)

Year Station D.lat Dep Distance
and

Month Mean SD Mean SD Mean SD
‘g1 11 NU 3.2 17.8 1.8 18.9 42.8 28.7
'81 12 NU 9.8 29.2 40.4 32.5 41.6 43.7
’g1 12 KG 10.8  28.7 21,1 30.6 23.7  42.0
'92 11 NU 8.9 26.3 45.7 26.6 46.6 37.4
92 12 NU 8.9 24.8 7.2 24.4 48.0 34.8
93 11 NU 4.5 29.9 43.9 25.9 44.1  39.8
93 12 NU 10.1  28.3 48.6 26.1 9.6 38.9
93 12 MK 0.2 27.4 23.4  724.7 23.4 36.9
’93 12 NH 3.3 2741 31.0 27.5 31.2 38.6
94 5 NU 6.0 29.1 47.6  25.0 43.0 38.4

NU:Nagasaki University; KG:Kagoshima; MK:Makurazaki; NH:Naha

Mlize 2F DBRISEMEORWEER ZZR U THIL TE A1
MBEL o7t B 2 5,

AV AT LAOFERRHTE, HuBICSAAOBELXEBE L,
2O LOMEARFHEEHRE L INTWAT L, 191FED128
DI, BISCEEICELBR bW L2 TE 2 nid,
COBRBTTITERRE (10C) KA-EdELD
N5, LL, ZOAROBEIIIIUELA > THETH-
7o BEBIIZOHLEEM LT, 451013230, 85 1Ti3248,
12BICi326(8 & o7z, L L, 19M4ED2RPHTHy 7
I D3BHBEM, SOLIK3EPLIRALLI3EHEEREFTOE
BrREIELTWS, 70y 7 ITHEICIE SA OBRERT W
7o, BOIMEOT7 Oy 7 [HE B> TEERELETS D
DEEZON, TOBRETRY AT LOELEMRRE (FO
C) DERINA-Z AL DEEZLNS,

CORIC BT A OFER TORERL, 1991FIRZT
S, F—75V BT, 1992, 199334 — 7 5V F T -7
1991 4E D BRI I6M T, =7 5TFITY, F—r I F
TI392% 7 3 DHTH - 7=, 19926113 B EBIT1T~19ME,
19934F 1213 19~25fEICiE ML, 3DHDA L7z, TOM
KB BH=T 5 et —27 5y FOBRESE % Table 3 »
2 3R L, 19914E~1993804 — 7 5 R ERIBIZOWT
T FHAE & 1oDBRERM%Fig. 3 » 1 51TR L7,
OIEDR=T 5,4 —27 5 FO Dlat i21F1E—20m T,
1992, 1993 DA~ 7 5V FOME LIRS L, FERHETH
D, ZOMELRPKEN-72BDD, BAMBEREIZIOMT
B oo 1992, 1993FDA ~7 5/ FD D.lat i:10mEiH,
Dep 1340~50mRfE, Fh bOEEREITI25~35mT, £
I3\ BE L FIFRBE &0, RAMERZIZ80~90m
BETHE, AEILUFF—BDME LK 57,

Ay AT ALIMETEERREICA - 72 2 EBARIE
E3h, SMTIHIFR UBE CRIRI S5 2 S BATREIC R - 72
LDEFRD, &k, BNBESPSICELTH STV
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Fig.3 « 15 The mean position and error ellipses of 1¢ at Auck-
land and Nugasaki for three years.
AU:Auckland; NU:Nagasaki University
@:observation position
DEEZONDH, KV AT AITKEOERICHERINLL
DTHY, BEOBEOANKEE DI DWW TR A D
%, N7y 7ELT, BIMYATLEDOHBEER
THLERD S,

2. 4 F&H
GP SDERICTT 5 PMKEELIEE T 57D, 19864FLL
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Table 3 - 23 Variation of the accuracy in the establishment stage at overseas stations (unit in meter)

Year Station D.lat Dep Distance
and -
Month Mean SD Mean SD Mean Sh
91 11 HO -20.1 19.7 57.5 22.1 60.9 29.6
g1 11 AU -19.0 33.0 6.6 24.0 50.3 40.8
’92 11 AU 1.0 34.9 39.7 24.7 38.5 43.8
'93 11 AU 6.9 34.1 51.7 23.7 52.2 41.5
HO:Honiara; AU:Auckland
XRZDOREEFT TE/, BEHRUIERBREMED A
TH - 7olzdd, BN AR EREICR 6 hiz, /- BH o720

T, AVAFLAEEHCFIAT S0 WAL T RER R 2 &

S THMERD -7, £ I TISENLOEEERIRG TG
BICERTAZ &iIc kD, BIATREREHIRELER T 5
ZEDBHFE, ThIZFIREICL - T, BOTERELDT
HHM, aALOMELHD, £ TORMCERTHI LT
Ez2bhlrholz, AV AT ABBEOEBIRIIC L - T
i3, WIENTBEIZESEDTHY, REELOPRDWITK
%o 1986EFHEDANR—AY % PV [FobVVe—5] O
FHICED, RVATLOMEAT Y 2 —Vidpie ) DEN
BH5ERAENTN A, 198968 UK, 25 AIC1ED
EIAT, EI990EICA > TH O, FESROXR-ATT
v 7 L EMIhBH LWERMOBENTH EFoh T, F
PR AL, 19904£9 A 1T 148, RF1081TiZ15ME
Lixotc, TORETORRIATRERREE, 2D 3 & 3DTH
2085 & 720, BMEERIREYFIE L COMMIITITLNER
otz DEE 25,

BINREIL DWW Th, RV AFLEREIT 3 DHECITE
<Td 3DMTHRIMAIEE L E 2 SN B2, RIEBIAY4E)ILE
AR LS CBEBOMOARTH /272, IDDOART
[ZBISLPTRERFII S RD T 72 B £ ZCHIEERR D AT A
FARFRT S0, 2 DTOHMBE L TR Lz,
ZTORER, TEETHETHETIKREL AP 272HDD,
EERD & 2 tEEAE b NIz,

FIR T ER 6 ~THEDOBIOENIC 1) 5 BISLOFHAL
BT EENBEOEALSm HEMS0mELR, EEH R TiEHE
FHLVRILROBENHAHB, ZOEIL3DH, 2D3H
BLU3IDLTIOmER, 3DM, 2D3MkLU2D3L
TH20mBEOBHEAICHE L, BERZEDZ, 3DHTIE
D.lat, Dep & $1220m*Ki#%, 3 DM, 2D 3 H®D D.lat it
50mK#E, Dep 12 3 DMD60mKi#H & 2 D 3 HTHI0mFE
EE RADIEEV, AfEZR L/ 2D 3 LT Dlat 30~
130m, Dep 70~200mD#EHEH CTH - /oo #H - T, BAME
#3203 3 DT H LXL50~90m, ML L60~120mks &
UL VLB0~1T0mBETH Y, LUV Th0.1EEER
T3 Ehhoiz, 2D 3DZNIZHLVLRIFE 3 DMIT,
MU~NURSDLICHSL, L Uit 3 DMO{SEEET

19894E6 A LIk, sERABENIEXRITSL B S5h, FIFAW
BRI EBUII990FICIT 1408, FEL0FITIT15M & 75 - 72,
ZIT, COBRBICRT HAMBEEORREZIEET 57:00
BEAT-7-f5%, 3DH, 3DM& 2D 3HTF—ZED
WXL EE D/, ZDEEZET Dlat 810mEAA, Dep
RAOmMEE T, BERETIVTNL20mUATH -T2, FOD
%, SA 3T B, Dep (340m &Rk EL L7 b DD,
EEROEMZLYD, SU IV TORIEEEA0%LE &
2722 &TC, BEREN0MEKBELD, BOTRELTE
7oo RAMERZEIT60~65mEE T, KEM LI L THIME
Ed—RBmELtE2 L9,

1994FIC A>T, GP SV AT LDBAELERRBICA -7
CEEEBEPANICET Lo BB b, £IT,
19944 RICRIE AT > 7ok R, BISLICFIR LcmELIT25
BATLBEENR3DOHLVWTHY, Lrd, PDOPHB2T
DEIEN8TY & 5Dz, TDEEZEIT Dlat 87.2m, Dep
7546. 5m T190FEDBNKEE L 1ZIE B2 U Th - 7o, EHER
#i% D.1at7326.5m, Dep7324.5m &R KELLo72b D
D, XY AT AOERRREIC BT 5 MABEITIEEE - 72
LDEE % B,

BL, GPSOERIIT AU ABT-TED, VATAID
MESRE LBE, Wo—ROFIRBICMLESD, 5
WIIBRTE T ARBEAEET A LI On Y, WAAKL
PRI T AARDRET L INTWiz\, L2rL, EMFE
FIFICH4 5GP SEZEBITTREL{EESHh, FRHS
NTWAZEnb, EROERRIICE > -5H BN E X
ELEBINAZEFRWREAD EEZOND, iz, Th
DHIFEIELSHE TGP SEERHFIAT AL, BEE
INTWT EPEIFEINTWA,

#4%E GPSORERRERICLDIEADEEEZOEME
Ky AT LN RECEK T 5778 1991 X EEBE &
DHENTLR, BATRA-FEY - s VAZHLICE
OHBICOWTER B UIRDIce AV AT LDRFREB A X
— L7220, 1970 ERIPOETH 54, ZOROF B
KiROEELTER L 7Y ZIVABRHOESICEZ 6N T,
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SEgoERREl, NEYL, EigtA—BEEAL, 1991
FEdEL, AVATFLAEZDOLOPRIZERERELCDHY,
—LT AITIE S A DY A7 o T, 21T L iEH,
fiZots, MEEEEHENERS, BB, h—JFEr -V a VEDRK
WAL AT, IR T EWEIAY AT LD
S=Ra iz, RERZFIRELK EHHOEA D BTHESN
B Eedic, NP LICHEMEHEABER AR T & S HFRER
CANDOOHBERATEHAHEKLD,

AYATF A THETH] TARKTH ) TAILTH ) [FIOR
Hbm< ) TR FIATES, COLD L EDIC
FET A0, BEEASE TR« 24E, KT
INEFNERFERPHY -V AREL VBRI 2DDH
%, Table 4 « 1izzOREEFEHNR L7,

AETIE, GPSELALT BT VCYRATLDRED
BIE, RBHOBE, REEOBEATWGP SOEMEL
WR L ERIC >V TN S,
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1 O35> CLATALADBEENEADIEH
#EIBICRNT, GPSOREICKY 2 BMIBEA&RD T
BRNTWATEERELMC L, L LERS, EDLDIC
BNV AT LTH- Th, ZEROBESLERY X7 LH
HICRIBESE B EDNy 77 v 7 & LY AT Kkt
TALERS S, Babhy AFLADFNG, VAT A
O¥E, FIREY, FIRBERSYEETS LTV CIARE
THHEEZLNS, GP SOBES IV I LIEREBHOE
BHHEDBMTHA - 72DT, TOREMS, GPSOD
LUNVICOWTGP SABREEME L LT, B5V/CH
BO#EEICHOWTHERT> TE/, AETIH3DHEAV
TEH L RS RIC oW TN 574, BEREEICH-> TE3DH
OZ TSI ATRERFREI A RO TEVEE LB HDBEET
122D 3HIZOWTHhN5,

1. 1 BEHE
BEICEBWT, GPS &5 C970F « — VO RKHEIE

Table 4 « 1 Improvement examples of every kind

® Position fixes of movement thing
The cosmos:
+ launching a rocket
» control the position
of a satellite
+» landing lead
* rendezvous in orbit
Ship:
* pavigation aid
« chartering control
+ arrival,lead of alongside
+ position control Car
* yacht race
* salvage
+ monitor of safety in
yacht harbour
(General transportation)

(Railway vehicles)

+ transport container control

water resources

» survey of contour line
» detail survey of the ocean

efficiency fire fighting)

Aviation:
* navigation aid
« approch to airport,landing lead
» DGPS in airport
+ area navigation
+ operation control of helicopter
Fishery:
- fishing(search of fish school)
+ watch of fishing gear
* speed control

» general car,business car,track
* sightseeing bus

(Defense,Finance,Public society)
» efficiency operation of car .
* movement,operation record .

(Radio broadcasting station)
* train schedule control .

@ Position fixes at fized station, Geodetic survey, Heasurement
* investigation and development of resources

* movement of the earth’s crust

volcanic explosion and earthquake

+ detail mapping -

+ detail and efficiency agriculture

- forest service (forest keeper, determine the point of forest fire,

» detail map of archaeology

@ HWigh precision time, Time synchronisnm
+ international datum of time synchronisnm

navigation:

movement control
watch of safety
patrol car,fire engine,ambulance car

operation of relay car

+ geology/research of

* prediction of a

- oceanography(tidal observation)
monitoring and record

* control of digital circuit
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TV, WEEOHEMBREY RO, BT & AIERHS
#Table 4 « 21TR L7, /o, B35/ CIT0F = —VODRF
DEE#RFig. 4 « 110R Lz, AL S VCEZERITE
EEUEFTEL LR-T17TH 5,

GP SEEROFAEC— N, BHACBILHEDEE L
BRBICHEL, 2L VICOWTHIE L. /4GP SIcE
PRI AAREIRBE DR, B5VCOTF — RO AL =T
SrkokTurSAEHBL, BHEELIURE, BEY
BI%E L7z,

1. 2 ®R&ELUER

05y CCREEL L RCHIT ARBEICEDD D = L AE
Z26N5:0, ERICHET L7201, BEICBT ARIGE
EOFMABETH B, 7T, BT BHY AT AD
RIRFRIE %7\, GP SAEIC T 515 CBOME
£ R UL LU LIV BN EHIE L 7=,

1. 2. 1 ¥l

GP SHB#EELC LTHS Y CABOMEMNEEL KD
CEEL, W OMELBAEE TR OBEDT — X2k
WT BLERB B,

Table 4 - 2 Measurement stage and sea area, and number of satellites

Stage Sea area Loran C pair  Number of
satellites
Development 1989/ 6 around Goto-nada XY 6
Latter term 1990/ 7 Eastern area of XY 13
of the test East China Sea
Latter term 1990/ 8 Eastern area of XY 13
of the test East China Sea
Latter term 1990/10 Western area of YZ 14~15
of the test ~12 North Pacific Ocean
Latter term 1991/ 7 Western area of YZ 15~16
of the test ~12 North Pacific Ocean
130° 150° (€} (m)i
(N) \/ i /T \\
. B / 202
. Z - B
50" " C {203 \
AS - el
A (O P ﬁ,a[T\?Z
/ \‘_“/ / ~
- P Sl I \\
SEA - : - // \
= OF JAPAN Hokkaido 7] B / \\
| / \
-500}— ,’ \
; PACIFIC OCEAN - (HLoran © |
X ]
30" - . - /
fr : , -\ /
£ M 1o Sima . \ . /
R B \ Circle of
a Y -1000{— \ 2Hsec
: Ok inawa W : B AN 2
- - Marcus I. \\ e
: | ~_ -
&HILIPPINES L B
AV - T T N S N TN TR N R N NNE I R
v o 1 )
e JA ~500 o 500 (m
o AN, — )
'° / iy . Guam I.
i : Fig.4 » 2 The mean position and error circles of 1¢ with GPS and
! . . Loran C at fixed station, and the circle of 2psec with
= (2 ] | ] Loran C.

Fig.4 - 1 Configuration of Loran C stations, 9970 chain.

0:3D; A\:2D3; 0:2D2; @:Loran C
Solid line(AB):maximum relative error
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AEEERIERIC BT 505 CABORDF I & Rz
lpsec [CHIM T HIEIE, X72383~2638 T0. 12448 (#9230
m), Y337~157E T0.150f B8 (#280m) THH, £D
TELTAE TH B, TrimblettD10XMZERTIE, Th
FRMAL LSV CEEEEGP SEREBTAAGDET
BABIEHTT-> T 57, ZTOBEIC, B5V/CT—Z%R
DAL C EBHELEEO—2 L LT, HERHZELGPS
(LB X AHEERIZEDZE D 2usecINTH S & LT 58,
- T, RPEOBE b2usec FEE L L7,

7B RIS CORE & AR IT - o EE RIS BT 5
05 COFHNE L leDEEMALME, 3 OKMHHZER
EHIC2usecDBERD DB AE OB OBEER = TFHE %
M LIS &, EESHI640m DM %, £GP S
DOREMBERTEICRD, TNLOFHMELRFLE LT
loDBEZEM R\ -b DM Fig. 4 « 2 Thb, chivhno
S5V CHE LGP SHE & OEMBEARKIC L ABEER
5 EHT00m L%, TRICHIRZE PREDOFEIC L 558
S0 LER LT, AAETHIGRERBKOMENEETHNI
i, MEEERI LAHMMTITET T Thcdh o b ¥
Wz,

1. 2. 2 HEHELESN

HiE, PR CORE ERBFICHEY AT AL SRR
DZEEEBVT, RBKFKESRORER” BK” 10k
0, AEIIERLEEAFELEZAG 1 B TT->7. &
DOFEDOWE Y A7 AT L BREME (g #/my FLicd
D Fig.4 » 3 Thb,

%%, GP SKEABNAFRELEHEOARTSVCDOT—
ZOWMNAARFTD D707 S5 EKRBR LTHWD
T, Fig.4 « 3 ITABNBL5ICGP SOBMNTREOEE
IZid, Mo/ my FaFlTS i,

2MBICBIT A5V CE3DHBLU 2D 3 HEDHENR
#2£ (L—3DH, L—-2D3H) ® D.lat (LI'F Re-D.at: 59,
ZOMIZ DWW THREKRICFEET), Re-Dep KU Re-Dist iZD
W, ZOFHE L EEEREL Tabled » 3 IR 7,

Tabled » 3 k0D 3DHTOMY AT LABOHEMEZERD
S/E ~310+83m & 7% %,

ZDkdknsy CHBIIETDICES 5,
v, EREFEZEIZT0~90mTH 575,
FHRRPKE,

tERERE, BEEoHEOZTHh (Fig.4 » 2) L0 3k

NNEL o TWA, ThiE, B5 v CORIREENE LT

RESREODREY
RESHRDINT Y
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PNEL, BETKEWIERERLTWA, TOD®H, BTV
CTiRELESACBT AUETHLN/IRREEYE L TOH
EEOMERELTHT LI TER,

BEW OGRS T 5 & ERERESELL, J
rEESET ATV CEREY, GPSTiBLEEE
CTHEEMILALEDLORWEEZONS DD, T DR
EEACBT AHEEEHETNL, EEAMELRDOON
BT riCi B, EEFECHEYTIEENEG TN TS
ZOfEIX 3DHE 2D 3 HTiE 30~ 40mBE Th 5,

RIRFRIE 21T » 7B EE A TO 3 DH & 1 5/ C ORIEAL
BOSH%Fig. 4 « 4108 Lz, COBAEOMENEELDS
vV COEREZESTable 4 « 41T7R7,

FE L VIEREE L DSV COBRELOER, BEFAHS
¥10m, BEFHAHIOMTH S, CORFOGP SEEDER
EOFH)EIT D.at 12.4m, Dep 18.4mThH B2 5, ZOfE
%Table 4 « 4 DHXMBEDMEICHIET S L, 3DHOD Re
-D.lat {3#595m, Re-Dep {3#994m&ix5b, Cnidm s/
CORBEL~I0mDEILTER, HL, COMEETD
TeDICI B A TORERLETH Y, SLIEZOREME
BEZETLIOOEBLLEL LS, T2 TOMERT
b Th, MEDERFI~0mICTET, ChiZGPSD
BERE IR ULETH S, #- T LEBIIHENEREZD
bOENSVCOBEEL A UTHRE L. -

15y CTIBRER &M% & SERERER Lo~ D

(N)

40t N

\ agasaki
v_—\A —_—
o

4129°40° (E)

Fig.4 « 3 Observation area and the wake with GPS and Loran C
position.
0:GPS; A:Loran C

Table 4 + 3 Relative error on the whole distance (unit in meter)

No. of Re-D.lat Re-Dep Re-Dist

data Mean SD Mean Sb Hean Sh
L—3DH 55 —286.3 86.3 66.7 72.2 309.5 83.2
L—2D3H 287 —-270.0 237.7 - 2.2 102.1 329.7 189.1




42 HH : BHHAGP SOREIMAEE & 2 DORRICEET 555

(m)
4001
0 + ‘ﬁa
—-400
A
A
A
S
—goolk t 1 L 1 )
-400 0 400 (m)
Fig.4 - 4 Distribution of position fixes obtained by GPS(3DH)
and Loran C.

O:GPS position on June 16; 0:GPS position on June 17;
/\:Loran C position; Point(0,0):observation position

(N)
et
3o |
Ok inawa
1 1 M
130° 140° (€e)
Fig.4 » 5 Configuration of Loran C stations(M,X,Y) and separate
line.

SS area:North of the separate line;
LS area:South of the separate line

SHIC LT, ZOEBOEREERELT SH, BITEE
5B LIREIC I ALK E Y, I CHEBRE X,
YRPLOERESE LICHERERT SR (DTS S
LEET) &, XEABEREL YR»OREBLEZEHRT A
B OCUFL SR EiLd) sicoidtiz, RBER»bOERK
X, YICHBETHAD, BELEZVWDDE LI, TIT
BXREREEFISOBILEOMHKE (32°47'N, 128°40'E) %
SR (G0~230%) b S S#iks L, ZhbExL S
g e L, Ch%Fig.4 « 5 ITRT, SSHBEO>HLY
ROBENEEIE B2 TR T 2B 8555, BLE
BHERECHANTRDO T L THY, Ei” Bk OB
BELEFNERY LA R > TWeDT, I CR—GEHE
WAzl BEDOXSICKSG LTRD IR DRe-
D.lat, Re-Dep & Re-Dist OFl & EHafRZE% Table 4
¢ 5 ICRTEEDIC, HARERFig. 4 « 61TRLT
SDHAEEMNBE L T557 - FZFIIL SIHHTIOE, SS
IR T2 & A In W DB T ER WA, L SIEROIES
DEOBICHM L, BIERH260mTH S, ZhiEX Ol
RIZEIC LT 2usec KEWEIC D, 2D 3HTHLEEEC

(m)
200
0 E PR :7<;—- A
RO 7 N
- ~_ L \
- [ \
200 !
" | A l
- \ |
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~400F ‘ /
- \
- \ /
- N7
—BOO_IIIIIIIIIIIIIIIIIIlllllll'
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Fig.4 « 6 Relative error and error ellipses of 1¢ at every obser-
vation area.

0:3DH(SS); @:2D3H(SS)

A\:3DH(LS); A:2D3H(LS)

Table 4 » 4 Relative error and actual error of Loran C (unit in meter)
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Table 4 « 5 Relative error of every observation area (unit in meter)

No. of Re-D.lat

Re-Dep Re-Dist

Area

data Mean SD

Mean SD Mean SD

L-3DH 29

—243.7

—102.9  64.8

290.2

28.6 95.5

—-9.5 127.3

$9l. lpsec KEV, INOHABEREHROEEIC LI AL DEE
Z2bN5,

PLEORR, REFIERIEEIC T AHNEED, BRE
FECIRBIIFELI0m~370m, FEFETIEAENT4m~
HAROMOFHHE ThH -7, LrL, B5VCEBEDGRE
BB LEDADRE LELEREATABE L TIRERHD,
X, YedillEEHROBEE, GPSEus v/ CItk i
BT, ZIF160mEBEDETH -/,

1. 2. 3 HIHEREEE?

ERR R 5 & O ICEER % 5 B~ {8k <, #
FERIC B SHENEELIIE L, £/, Es#imLe
DT, ZOBOHEREELBLNL,

BIEREIt Table 4 « 2IOR LA LD, BEREA13MEIC
B LRSI TH Y, 199047 A 14H~R15H ORI,
RIBRFKEFMREREFAT, XFAF8AIRA~M21H
O, RRBALT, 3R TH -7, AN FTREREHEIE
19RFRRTHE TH - /oo BITIBIR A BN & RIGALOMIFZ D
WORL72GDBFig. 4 « 7 Thb, AlERIAELHOSE
ERBFICE S/ C9970F £ — /DX &Y ORFHEIZEE R L U
B, BEZHE L, AR TRXErL0BEBRLES
BEEAERT 5, 2OESE, 32°N 1 % Cidiu3s08EE,
AR 4 2880 U T400~ 4500 BB E 1T 5, FD7:
DX RBEEOGHEEDOENBEBM THE L Tn5b, YEr
LOBRBITFHBLEROA L E 2 5N, MBPrLOERRIT
HINEIROELIR & R & R SHBABIC LT, FhLEk
FIFEEEROATH HH, FNLHCTRIUMEERT OB Lm
WreEshs, -5, Fig.d « TIKRLAELESIC, MBE
LB EFESHE CUTERR DT O & Bl cRifzE
ERETHTHHD L& 2T, I THERBOIM & FEH
SITH T TCRT & ABRICEA 21T - 7co 7R BTIROMBRE X
D, BICERE IR I EEICH40~50 RN T DT
MR DR CHEL, T4, BERAAEREOIMO—
AT, ZNZNH20856HE & 17TRRISEIE LD T, ZoORD
T — REMES EERP L TEHE L, UTRIEER % Ta-
ble 4 « 6 DIRICEE T, FHEEREZTabled « 7~4 » 9
L7,

(1)  SERHBLL

Tabled « 7iCRE L= X 512, N-EN o B 5 HE T,

320 L KyUshu

To
Master
- Station

South area

30

%Y Station
Okinawa
26° L

1 1 L 1 1
128° 130° (E)

Fig.4 » 7T The wake of Kakuyo maru and Nagasaki maru on the
observation area and the separate line.
Pt.@, Pt.®:anchoring position

Table 4 « 6 Code address of observation area

North of
Separate line

South of
Separate line

Ship’s Name

Kakuyo Karu K-WN K-¥S
Nagasaki Maru N-EN N-ES
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Table 4 + 7 Relative error at north of the separate line (unit in meter)

Area No. of Re-D.lat Re-Dep Re-Dist
data Mean Mean Sh Mean SD
L—3DH 13 —-664.9 96.6 234.9 68.0 711.7 104.8
K-WN
L—2D3H 34 —-596.4 69.7 185.5 205.4 660.0 88.1
L—3DH 48 —-727.2 87.4 293.3 64.7 788.9 100.9
N-EN
L—2D3H 7 -809.1 125.1 276.2 29.8 860.0 125.4

Table 4 + 8 Relative error at south of the separate line (unit in meter)

Area No. of Re-D.lat Re-Dep Re-Dist
data Mean Mean SD Mean SD
L—3DH 173 —864.4 115.8 690.9 162.9 1114.7 146.5
K-¥S .
L-—2D3H 86 —864.5 168.4 734.8 226.4 1148.9 212.7
L—3DH 98 —-9834.1 125.8 192.6 109.3 1061.3 143.8
N-ES
L—2D3H 43 —-770.0 153.9 489.7 76.4 905.0 161.7
Table 4 « 9 Relative error for anchoring (unit in meter)
No. of Re-D.lat Re-Dep Re-Dist
Position :
data Mean Mean SD Mean SD
Point L-—3DH 121 -675.8 41.5 289.4 44.0 740.5 48.8
@ L—2D3H 103 —-648.0 42.0 244.0 37.8 698.2 45.8
Point L-—3DH 99 -686.6 93.9 313.9  58.7 757.8 106.3
@ L—2D3H 75 -631.7 66.4 306.4 43.9 705.0 70.7

FHEREH» 5D Re-D.lat—725~—810m, ZDOEERFED
3DHT8m TH» 7= ReDep DOFH#EIL275~300m T,
ZFOEERERSGSMTH - 7o, fo TIOBRTORKXM
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5, '
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(2) HBRHELE
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HREE L BB, TR TH0. THERE TH -/,
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£X03200~270mKE L 7572, HiZ Re-Dep DXL
HEDZN LD $450~540m K & <&V, FHEITROHERR
ERBEK LT, HEERZIZ3DHD ReDep 22D 3HD
Re-D.lat, Re-Dist CLILOZN LD H100mBEKE ) >
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KE ol
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HIC X OB L, ZOEPEL BRI THERSZ L
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(299.6929m psec) LD HEL %D, ELEREBEESEV
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7o BREAHROMBOLBELYDMEBORICELGEINS
Z SEBRIC RS, AR T lpsec B DMNEDHD
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WEXTRIMBETH A2, Y TRHMHSHMICB LS, K-
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KELBBILBEDO—REEZ LN A,
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BT e » TRIBRFEKEFTHERBEALTT /7, &
ORGP SORBIIBRIITH D, 190FICITHEERD13
~14{8C, HAFTEERFRTIE19RFRIRTES, 1991 CII R
15~16{EICHE 2, BN ATAEREREN I 20RERIRIEE Ch - 720 A
BEAEREERCST TV—F~8E L, ThZhORH%E
Tabled « 1 0 ITRT,

KT 5 v C9970F = — VO BEDR OREH A S
DREYBEZROXT TH500, Y EZORKEEM/L L
UHE, REZY 3 2HERCHE Lz, AEERTIR, B, &%
R LDOEFITCTNOELERDOATHA1H, GP SAL
BrEEL L TRDATS Y CABOMNEEDHEKIC L -
TET DN, WEMR LR EOMERRICESHD

Table 4 + 10 Routes and perioﬁ of the observation

Route Year Date

R-1 1990 26th Oct.~ 30th Oct.
R-2 1990 11th Dec.~ 15th Dec.
R-3 1981 Bth Jul.~ 10th Jul.
R-4 1991 20th Jul.~ 26th Jul.
R-5 1991 26th Aug.~ 3rd Sep.
R-6 1991 Tth Sep.~ 11th Sep.
R-7 1881 26th Oct.~ 30th Oct.
R-8 1991 12th Dec.~ 16th Dec.
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Pacific Ocean 430"

v (Dkinawé)

Z (Guam 1.)

»—e A-5
—=e R-G

——a gy

— A-g

(e) 130° 140° 15‘0'0'

Fig.4 « 8 The wake on the observation area and the separate
line.

The routes of figure are shown in Table 4 « 10. )

Arabic numerals indicate the 95% radial error(unit in mile)

EEZ, BER» ORI AER L CHEMEEI D
THRE L, 97%bb, OS5 V/MBEOR 2 K2RV TR
RE LB EI, REZOFREESD = 1pseck THITEE
BEr P BLU2EBEOSKEMEIL, Fig.4 - 80k
IZ75%, 22T, r B 1IERELLZMBEOBENTYREZ
REBARBROTRHA L ER MB) A ZROY B (B
TAXE EET) L Z/HAI CIFBRERERET) Lot
IHITr B BIU2ER LG Z2MBTHINAER WUT
CRIRERET) LICH U THAERZERLGP SHEMNOKRTIIB
JOVNVHNCEE LT,

BB I BN T — 2B, EHT - ZEBLUHFEAT
— Z¥ & ZFDEIE% Table 4 + 1 112777, Re-D.lat, Re-
Dep, ¥ XU Re-Dist IC2W\WT, FNFNOFHE L& EHE
REZ A~ CORIRINC F L D/cb D Tabled « 1 2~4
« 14 ThsA, BL, ZOT—FZEMBLOKLTDOIDITD
WA L7,

£H®O3IDHE 2D 3 HIZHIFS Re-Dlat » ReDep
OFHEIC L HAE (T PHLE L L) %Figld » 9~
4«11 IERLE,

(1) AR

Table 4 » 11 The number of data and the ratio of used data

Number of data

Percentage

Area Route

of used data

Total Eliminated Rejected Used (%)

R-1 329 68 9 252 76.6
R—-2 706 0 18 688 97.5
R-3 408 0 17 391 95.8

A R-4 598 0 23 575 96.2
R-5 705 80 28 597 84.7
R—-6 592 0 12 580 98.0
R-17 372 0 11 361 97.0
R-8 600 0 g 591 98.5
R-1 555 53 11 491 88.5
R—-2 571 508 0 63 11.0
R-3 757 0 30 727 96.0

B R-4 1087 121 22 944 86.8
: R-5 707 0 17 690 97.6
R-6 653 256 13 384 58.8
R-17 779 23 756 97.0

R-8 533 0 2 531 99.6
R-1 416 101 11 304 73.1
R—-2 385 376 0 19 4.8
R-3 341 0 12 329 96.5

C R-4 264 22 3 239 90.5
R-5 237 27 4 206 86.9
R—-6 310 245 1 64 26.1
R-7 358 126 3 229 64.0
R-8 369 287 1 81 22.0
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Table 4 + 12 The accuracy of each route in area A (unit in meter)

Dimension No. of Percentage D.lat Dep Distance
Route and Level Data (%) Mean  SD Mean  SD Mean  SD
3DH 115 35.0 4.5 39.1 -69.8 25.6 69.9 46.8
R-1 2D3H 103 31.3 10.2 52.2 -56.1 29.0 57.0 59.7
3DH 492 69.7 -35.4 47.5 -57.1 30.4 67.2 56.4
R-2 2D3H 148 21.0 —-34.6 53.4 -58.5 30.0 68.0 61.3
3DH 283 63.9 42.2  38.0 —85.9 27.00 95.7 46.6
R-3 2D3H 78 19.1 55.1 49.3 -87.1 32.8 103.1 59.2
3DH 392 65.6 0.8 41.6 -65.8 2.1 65.8 48.0
R-4 2D3H 134 22.4 25.7 50.2 -67.8 23.0 72.5 55.2
3DH 416 59.0 23.0 81.8 -70.2 61.4 73.9 102.3
R=5 2D3H 123 17.4 23.6  83.8 -71.1 62.8 74.9 104.7’
3DH 441 4.5 11.7 50.5 -59.0 36.2 60.1 62.1
R-6 2D3H 118 19.9 7.0 46.5 —44.9 37.8 45.4 60.0
R— 3DH 293 78.8 51.1 35.6 —-83.2 30.0 97.6 48.5
7 2D3H 47 12.6 66.0 40.8 —80.9 19.7 104.4 45.3
3DH 444 74.0 159.5 261.3 —474.0 109.5 500.1 283.3
R-8 2D3H 101 16.8 86.9 222.9 —442.8 96.9 451.3 243.1
Table 4 + 13 The accuracy of each route in area B (unit in meter)
Dimension No. of Percentage D.lat Dep Distance
Route and Level Data (%) Mean  SD Mean  SD Mean  SD
R—1 3DH 344 62.0 14.6 70.2 -—108.6 56.8 109.5 90.3
2D3H 94 16.9 19.4 64.5 -89.3 57.7 91.3 86.5
R-3 3DH 580 76.6 16.5 57.6 —113.4 44.4 114.5 72.8
2D3H 124 16.4 25.1  45.3 ~—110.9 33.2 113.7 56.2
R—4 3DH 672 61.8 -19.9 37.2 -—108.4 34.2 110.2 50.5
2D3H 215 19.8 -29:3 45.5 -—114.5 39.4 118.2 60.2
R-5 3DH 536 75.8 26.8 62.4 —124.6 74.7 1271.4 97.4
2D3H 108 15.3 26.4 40.3 -—112.2 53.3 115.2 66.8
R—-6 3DH 327 50.1 -27.9 87.1 -103.5 93.2 107.2 127.6
R~-7 3DH 639 82.0 30.1 47.2 -103.1 37.1 107.4 60.1
R—-8 3DH 168 87.8 558.4 76.5 —626.7 53.2 839.5 93.2

Tabled « 11 IZRLckDiC, R—1 R~ 5iCkKS
F—ANI0~20%BED 55T, FTICHER L5 — 280
BELUETH 728, M, LUVOF—2 i3 EOfKIcE
WTHK Ko7, R— 1 OBAF—2ITi3, M,
YRDBEVERTEMEICOA2b O, YROGENER
T2 BB EBA DN, £z, R—57T, YRMETIE
LRBBEV—VAY y IHREL TN, JOBBITZRE &

DH#I0008BH LiE N2, ZEFSABSTV—VARY v
BELLO LRI,

Fig.4 « 9 TR LK DI, FHUERRE TEENED
HFfR L T\WWedh, Re-DistiZR — 8 #RiFiE, WwFhdds
~105mTH o7z, CORBTORKENEZIL, R—8%
BT, 0. 1BEUTICT € o/,

(2) BRI
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Table 4 + 14 The accuracy of each route in area C (unit in meter)

Dimension No. of Percentage D.lat Dep Distance
‘Route

and Level Data (%) Mean  SD Mean  SD Mean  SD

R-1 3DH 217 52.2 121.3 277.0 —146.2 155.0 190.0 317.4

R-3 3DH 253 74.2 83.0 480.0 —148.8 172.5 174.3 510.0
2D3H 88 17.0 179.2 489.0 — 95.0 181.1 202.8 521.5
3DH 17 64.8 33.8 214.6 —138.5 128.1 142.5 249.9
2D3H 61 23.1 76.5 201.2 —111.0 111.6 134.8 230.1

3DH 200 84.4 204.1 391.5 -—216.7 68.1 197.7 397.4

R-5

R-6 3DH 62 20.0 —100.4 870.9 —286.6 452.4 303.7 981.4
R—-7 3DH 169 47.2 46.8 382.8 —195.0 187.2 200.6 426.1
R-8 3DH 81 22.0 864.7 676.3 80.1 363.3 863.4 767.6

(m) O R-1(30) e A-1(2D)
200 0O R-2(30) =™ R-2(20)
L A R-3(30) A R-3(2D)
N v R-4(30) v R-4(20)
150F B O R-5(30) 4 R-5(2D)
i 0 R-6(30) @ R-6(2D)
i ® R-7 (3D) R-7 (2D)
- ® R-8(3D) ® R-B(2D
100 )
N L]
N
501 ¥
. @
o S +
- ]|
._50 L.

L

AT T A A
-500 -450 —-400 —-150 -100 -50 o] 50 (m)

Fig.4 + 9 The relative error between position fixes obtained by Loran C and the high level of GPS in area A.
3D:three-dimensional positioning; 2D:two-dimensional positioning; +:GPS position

(m)
600
N O A-1(3D) eR-1(2D)
B A R-3(3D) A R-3(20)
L & v R-4(3D) Y R-4(2D)
550~ O R-5(30) + R-5 (2D)
g o R-6 (3D)
T @ A-7 (30)
100+ & R-6 (3D)
50}
- o
B [ ]
O +
N vvo
._.50 L.

|ll||!l)|‘rlIIIII||l|l|l|ll||||||||lll

-650 -600 —200 —1650 —100 -50 O 50 {(m)

Fig.4 - 10 The relative error between position fixes obtained by Loran C and the high level of GPS in area B.
3D:three—dimensional positioning; 2D:two-dimensional positioning; +:GPS position
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Fig.4 « 11 The relative error between position fixes obtained by
Loran C and the high level of GPS in area C.
3D:three—dimensional positioning; 2D:two-dimensional
positioning; +:GPS position
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BT eELXONAATHETROCTOFEIOOBREL, %
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BRHOBER TR T 50, KEPINLD SEL LS L
SKBEIE D, EBNAEREL L TERBICRELI3BO
BIRZE G L LTERT %, f - TKES600mELED
BACBWTE, ERINTWEERBOMIIEOEENR T
0, FEREEIC BT, RBICHT 2&BOWNA, W#E
BAoniud, ThoiIC EAHE0D TR TE 570D, BEIT
K ERTEIT N EEZONSD, AETIE, GPSTH
BELZBMATESLZ L2FA L TCEBROWMEXR AT,

GPSMfra#EEL LT, V—F  TAZBHT ALK
FOBONEZRBRABEIMAETICLHAERBR LR L
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Fig.5 » 1 Observation area.

oo XORER, WMENTIEIE—FL, W&EIZ0.1/ v FETERD
ETHETEA LR LIz, SHICAHILBITA718
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BITEIL19914E6 5 27 H RIG REF IR ORI R (B OB
HEfHE) T, RIGAZKEZETHELBEKLHEHL TT-
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T RAUEBROBRIFBREFOZTh AL CHETS
EEZLNBDT, BHRICLDREBEEOBLHAEN, WA
PRF—ETH 5 & D HRERICT - 72, RISEF OB
Table 5 « 1 X573,

BELOBIEITITIG P SEZEH (JLR-4000) %A L7,
WL, (k) EREE/EFSOL — & « 74 (RB-830H) %,
V=& T4 ZEEE (RB-8258) sk L KkOL —
F (HHES (R % FR-8100DAE) T8 L THRIE L7,

V=X e T4, TVFIRHOoaEERICHL, BET
WHERI3cmT, KA FHImBEICH > CTERT D TEKE
MOARIC L > TBEHTAHLDE L, £F, 74 OBIELH
BT ARNCEKRERERS CRIE L, ZORDWMN « fiE %
(B HIPTBEUEBELIES (CM-2SH) TRE LI, %
D, BREEAIETTLEHAL, GPSICED15RH
fEClIfz LoD, 74 OFfr & EREA 1045 CRIEL, &
BT, WEKTEEBCHUHE L CERRER ClR » fR
HIE Uz AVEEHE0.01m/s (0.02/ v +) 2O EE
R L, WETAERRATREIL 0m/s 2.14/ v +) TH
%o

2.1, 2 a-F—-L7L7498H
KELBWCHEBICBREZHET 570DEMRER L L
T, BERMOBINC L ARBROBETAAR .
BITE1Z1990~19924 DM, BEFLOREFEMIRIC B A1EM@
PEEBRCER L, BEER & BE S A SEENICOR L
LOWFig.5 « 2 Th5, BEENERT (HFHES
BHS —EmEREBECI -3 08) IER, BLU FHE
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Table 5 » 1 Tidal stream of Hayasaki Seto (June 27,1991)

[Iayasaki latitude 32° 34" N longitude 130° 10" E
Seto + itoward Bast — ltoward West

Slack Haximum

h m h n kn

02 42 0543 +4.3

08 52 1206 —5.9

15 05 1819 +5.4

21 42 )
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Fig.5 + 2 Permission sea area for training of fishery and observation position.
0:1990; ©:1991; /\:1992
Aluminium
e AT ENOWRE, W% G P SHIE L RIS ABESE L, £/
socm EBRAHET 572, Fig.5 « IRy —FL 7Ly
BTV 7UV 7 2 eEd) 2EH LI, $4bb, £E3m
3000"‘ Shaft DR ETEFICHI-ABRETHRINSDERF I, ZTHED
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e st — DEEEHR T, L —F (SEES () 8, FR-2030
SH) TVT7 VI ZONA « FEHELZRIZEL, ARCGP Sz
BLEBOWR, s BIE LIz,

Shore
Canvas and Shore 2. 1. 3 @SR

(3700 ¢) BIEZ ROV 7 L7 ZBHRHCG P SIZ & 0 FRZIOHKED
Shore WHLOBEN TR & RE A KD, S HICRARFICRD/SBEER

B X amoxKkozns GHEOFSEME) ko, N
7 FIVIERT (Rtb—%RbK =¥%) %#17-C, FTEIC Xk AEBE
Fig.5 « 3 Components of Corner Reflector. W (EBW 2 LET) OWA & FEREY KD,

Veight (3900 ¢)

Table 5 « 2 Ship’s position, bearing and distance of Radar Buoy

Ship’s Position Radar Buoy

Time radar range remarks

latitude longitude bearing distance
12:22 32° 33.863°N 129° 54.062°E . set the bouy
12:50 33.816 53.829 286.1°  0.089~ 0.25(NM) started the observation
13:00 - 33.581 53.777 273.9. 0.109
13:10 33.516 53.666 267.7  0.150
13:20 33.461 53.622 265.9  0.212 0.50
13:30 33.414 53.577 263.9  0.281
13:40 33.389 53.537 261.4  0.341
13:50 33.362 53.496 . 260.7  0.407
14:00 33.333 53.452 258.8  0.467
14:10 33.310 53.412 259.5  0.535 0.75
14:20 33.286 53.380 259.6  0.607
14:30 33.270 53.349 260.5 0.691 finished the observation

14:39 33.102 52.459 took in the bouy
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Table 5 « 3 Variation of the position of ship and buoy M) -1.0 -0.8 -0.6 0.4 0.2 o AT
(unit in mile) T T T T T s
Ship Buoy
Tine
D.lat Dep D.lat Dep 4-0.2

12:50 datum point +0.019 —0.066
13:00 -0.035 -0.044 -0.028 ~0.153
13:10  -0.100 ~0.137 ~0.106  —0.287 1o
13:20 —0.155 -0.174 -0.170 —-0.385
13:30 -0.202 -0.212 -0.232 ~0.491
13:40 -0.227 —0.248 —0.278 -~{(.583
13:50 -0.254 —0.281 -0.320 —0.683
14:00 —0.283  —0.318 -0.366  —0.778 - 0.8
14:10 -0.306  —0.351 -0.403  —0.877 (NM)
14:20 - ~-0.330  —0.378 -0.440  -0.875  Fjg 5.4 Displacement of ship and buoy from the datum point and
14:30 -0.346 -0.405 —-0.460 ~1.087 .
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2. 2. 1 L—-¥741BH&EBUIET
BOMBER LUV —X « 74 O « AR T
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Tz, Thbuw 7y FLICLDONFig.5 » 4 Thb, F
Rk 5EFTZNOOEBERT, ThTh,
Y=0.00080+0.88256 X (#&7K)
Y=0.02855+0.48674X (7 4)
THo 7,
CNICKVEROEE 2RO S L48. 6 (FK) &64.08 (7
1) Kb, DFDEBWIZ244. 0B FH A, #BKIL228. 6
FRAFRN T il b, E7-Table5 « 3DD.lat &
Dep OEL L WV BENEEARDB &, TA4130.677/ v T,
BAKIE0.320/ v FTH oz, ok, TOME, BKOMEN
FHZIEIEL05~115E T, MEik2BEORElED > &H5
m/sec DALY ARIEBMNELOZT T, e, 74
DIGEEOMNBEOE 1S, TOMICHEN/ TR EEI %
k7= b D% Table5 » 4 1R L7z,
RE LD, BEHHITIEA0~250EHFN0.6~0.7/ v T
mhTBD, #hb EBIREMR L D ROIHF & Table 5 »
SEVERLUARESEFE - L, kR, BEMKTT
AHEIRAPETNPLRKE L, RREFOERM S
FEo/odhDEEZLNS, T, THOLOMBITRER & HBiHR
9 B DI BIEBIATT X M T HRICERITEET TR « E
REEL, ZOFHEERDZ, TOEREKORE (RhE®
K2.2m) OEEC L AR » MEOIN BT 57 DEX
PFEHIAMOBE I ICET L, MEHEEZTable 5 « 5
Van: I
APERHT X A TR,
FE=0.1373N +0. 0097 (m/sec)
BL, NEIEWICET5HETRREOIR

regression line.

Table 5 - 4 Drifting direction and velocity of Radar Buoy

Tine D.1lat Dep Direction Velocity
12:50~13:00 —0.047" -0.087" 241.6° 0.594kt
13:00~13:10 —0.078 -0.134 239.8 0.930
13:10~13:20 —0.064 ~-0.098 236.9 0.702
13:20~13:30 —0.062 -0.106 239.7 0.738
13:30~13:40 —0.046 -0.092 243.3 0.618
13:40~13:50 —0.042 -0.100 247.2 0.648
13:50~14:00 —~0.046 -0.095 244.2 0.636
14:00~14:10 —0.037 -0.099 249.5 0.636
14:10~14:20 —0.037 -0.098 249.3 0.630
14:20~14:30  —0.020 -0.112 259.9 0.684

Table 5 + 5 Result of measurement with electric current meter

Current
Tinme
‘ Direction Velocity

11:49 245° 0.428n/s  0.83Zkt
11:51 240 0.412 0.802
11:53 240 0.428 0.832
11:55 240 0.435 0.846
11:58 240 0.426 0.828
Mean 241 0.426 0.828
14:48 285 0.264 0.513
14:50 285 0.259 0.504
14:52 290 0.252 0.490
14:54 290 0.248 0.481
14:56 300 - 0.243 0.473
Hean 290 0.253 0.492

TRDON, The/ v MNCBE L/, TORR, Btaio
BIE TR FAIIEIE—E C240E T N0.828 v FTH-
T2 T HOWMEFHC L AHBE T, WMFEITIHHE T8 A
H300EEE THEIL, WEDB0.513/ v M 50.473/ v P&
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Table 5 » 6 Approximate position of observation position and surface currents

Year Observation Position Surface Current 1 Surface Current 2

code latitude 1longitude Direction Velocity Direction Velocity

address (0] (E) (deg.) (kt) (deg.) (kt)
1990 80-1 4° 08.5 140° 12.0 83 1.57 84 1.77
90-2 2 38.0 140 39.0 63 0.55 71 0.55
90-3 1 55.0 140 46.0 285 0.54 253 0.24
90-4 3 10.0 141 41.0 116 0.56 114 0.75
80-5 3 24.0 141 42.0 45 0.99 80 1.03
90-6 3 32.5 140 50.0 74 1.07 84 1.01
90-7 3 23.0 145 55.0 66 1.27 64 0.86
90-8 3 26.5 146 02.0 103 “1.35 99 0.80
90-9 3 06.0 148 15.0 111 1.10 122 0.91
1991 91-1 3 20.0 141 03.0 104 1.82 104 1.73
91-2 4 10.0 140 10.0 96 1.42 92 1.24
91-3 3 45.0 139 25.0 88 1.72 85 1.58
91-4 3 23.0 147 20.0 123 1.22 114 0.90
91-5 2 20.0 149 12.0 126 1.12 130 0.84
91-6 3 28.0 147 56.0 108 1.19 111 0.89
91-7 2 46.0 147 22.0 112 0.76 115 0.56
91-8 2 24.0 148 54.0 131 0.63 138 0.26
1992 92-1 2 28.0 140 43.0 80 1.26 73 1.11
92-2 3 02.0 141 08.0 71 0.82 73 0.70
92-3 3 18.0 139 55.0 117 0.71 120 0.56
92-4 4 06.0 139 57.0 135 0.52 146 0.30

(Det.)

(Xnot)
300

200 -

SURFACE CURRENT 1
SURFACE CURRENT 1

100

1 ]
. 7.
100 200 300 (veg.) to 0 {Knot)

SURFACE CURRENT 2 SURFACE CURRENT 2

Fig.5 « 5 Scatter diagram and regression line about current Fig.5 « 6 Scatter diagram and regression line about current
direction of surface current 1 and 2. velocity of surface current 1 and 2.
0:1990; ©:1991; A:1992 0:1990; ©:1991; A\:1992
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BAUBEE CTOE#ESE Lz, Th%EFig.6 » 1IZxRd,

Table 6 « 1 Principal particulars of Kakuyo Maru

Gross tonnage 1044.38 ton
Length between perpendiculars 58.00 m
Breadth 11.85 n
Mean draft 4.28 n
Rudder area 8.67 n®
Block coefficient 0.546
Displacement 1586.06 ton
Propeller 3 Blades C.P.P.
Prop.Dia. 2.85 m

Table 6 » 2 Setting speed, revolution per minute
and blade angle

Setting Revolution Blade angle Speed

Speed per minute (deg.) (kt)

Full 250 15 12

Half 230 15 7

Slow 150 10 5
3. 1. 2 LM ek OnemE"™

BEEBE NSNS OBAIL, GP SERAWTIT D R
B ORI AERICHET AREICAED TH AP OV THRET
A7, FERFEER "BK CTRERBREZTT- 7.

HIEIR19914E12 8 (FEHI6ME) 12, RIGEFRRALTO
KEHIBOM DYREK T » 7o WEFOZRRIERITEDR2~3
m/s, BEBIUINRVIIT LA LR TFRLRETH -
Joo L, B49.80/NEIT, SEmEIROLZRERT, b &S
BRHIC o TRIE L7 T, £90.3 Knot OALIRA D - 72,

[}

I B

Tactical diameter
(or max transfer)

adueape ‘Xefy

va

Fig.6 « 1 Turning circle.
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FREZOBMEITELBHEAOBE LR TH S5, AR
BAROGP SZEK (AXER (B # JLR-6000) ORE
IR Th 5480 & L7z, BAKEEY v (7T15mm), 4
BoOHEEEHERE T, ZORNTEERIC & - THE
T 5, HIEFROE ST Table 6 « 2 & FHICIBRMEICERE L,
BEAH30, 15, SEDIEMICERE Lic, BKOFER LRE
W J%Table 6 » 3 [T,

3. 2 HRSLUER
3. 2. 1 &EM ME¥A) OfREE

HIEfER % Table 6 « 41, K&MEHETable 6 « 51K
L7, FEEIEOKEZIICO2VWT, INETRINTVWEER
FUOID, wF o 2ENFERRE T, EARAOHET
BB, FlHN EEEEDOBRIC OV, EHEOBE, Ik
EIEE R0 B L EDN, Al & ERRIOMHERIC D
Wi, EMRTELZD—F LIERAE T w, —Eirh
RS TR A RBIO T AR E LB L3N T
AU, JeBHEAISE ESEIC O WTHIE LB EE, BED
FEIC o S 2BM D/ DI & BN AREAILIELT
DFENHEL, TNOLOMAICET 5, FEtRESELTE Y
572 TH5B, GPSFIRICLDRDIZIERBOKEIDOF
LR T 5700, AREEROBEYSEIC L7,

(1) A3 IECESE

(a) et}

Table 6 « 4R L7-BIEBROBEFRS1~3 (L FNo.
1~No.3DHRICEE ) D% Fig. 6 « 21TR L7z, A
B, BETEQRR & HE RO, BEANC DWW TILERE
BIDEAERZ B BB L CRERIICE Uiz, 720t
DWW T RIS IRET IS0 A A B AT L7,

No 1 ERRETROFZE I <DALDTIHIFIEEL
Ve LA LISOERBEAME (AR »G360EREEME (CH)
FCOMEMER G BELPSL, ZOEE2AE

Table 6 « 3 Principal particulars of Kakusui and setting speed

Gross tonnage 27.80 ton
Length between perpendiculars 16.70 n
Breadth 3.90 m
Mean draft 1.48 m
Rudder area 1.088 n?
Block coefficient 0.635
Displacement 53.46 ton
Propeller 4 Blades
Prop. Pitch 715 mm
Prop.Dia. 1150 mm
Setting Revolution Speed

Speed per minute (kt)

Full 1600 10

Half 1200 7.5

Slow 600 5
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Table 6 » 4 Measurement results

No.  Rudder Speed  Turning Maximum Haximum
angle(deg.) side advance(DA) transfer (DT)
1 30 Full  Starboard 210 m 205 m
2 30 Full  Starboard 214 197
3 30 Full  Port 179 152
4 30 Half  Starboard 228 204
5 30 Half  Port 191 148
6 30 Slow  Starboard 197 192
7 30 Slow  Port 241 299
8 15 Full  Starboard 396 419
9 15 Full  Port 318 360
10 15 Half  Starboard 382 475
11 15 Half  Port 371 527
12 15 Slow  Starboard 435 - 547
13 15 Slow  Port 4217 358
14 5 Full  Starboard 815 1112
15 5 Full  Port 1010 1186
16 5 Half  Starboard 587 1543
17 5 Slow Starboard 618 1050 -

Table 6 » 5 Weather and Sea condition

No. Wind Current
Relative Velocity Relative velocity
direction (n/s) direction (n/s)

(deg.) (deg.)
1 calm left 125 0.5
2 left 15 16 left 110 0.4
3 right 15 16 left 100 0.3
4 left 10 25 right 65 0.3

5 right 5 16 Teft 130 0.6

6 right § 10 left 15 0.3

7 right 110 6 left 130 0.4

8 right 6 16 left 90 0.3

9 right 20 16 left 100 0.4

10 right 10 7 right 85 0.4

11 right 10 16 left 130 0.9

12 right 105 | right 30 0.4

13 right 105 [} right 40 0.4

14 left 150 16 right 100 0.5

15 right 5 16 left 120 0.5

16 right 5 16 left 115 0.7

17 calm -~ left 160 0.5
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Fig.6 « 2 The tracks of measurement No.1~No.3(Full speed, Rudder angle 30 deg.).
DA:maximum advance; DT:maximum transfer; S:start turn
A:180 deg. turning position(first turning)
B:270 deg. turning position(first turning)
C:360 deg. turning position(first turning)

D: 90 deg. turning position(second turning)
E:180 deg. turning position(second turning)
F:270 deg. turning position(second turning)

Table 6 « 6 Comparison of the GPS measurement with official trial measurement

Rudder Speed Turning PA(n) DT(m)
angle(deg.) side

30 Full Starboard 210 205

GPS 30 Full Starboard 214 197

30 Full  Port 179 152

Official 35 Full Starboard 196 234

trial 35 Full  Port 166 153

DA:maximum advance; DT:Maximum transfer

BB A D2iEE B DEEEME DF) £TiE, b¥pr
SOMBEHE L7272 Th o 7z, BIROFELZITF T\
LTh, COLSWPIL B EEFEZLONIZV, LPdH
EED & ZICEDERPE LW AL, FEEIC X AR
BOERZEBEOMBICMENOFEL 525 L2,
TUTIE L HREOBE LIk - T, EOEEY
DOORHBEEZETHILICEY, GP SOREMBICE
ERE UL EH—HEEZ LN, TOHINEEEME
(DA) »L2TOEEEME (FA) £ TOEBEIN200mT
DA, DTYLIFFEL WS, ThEEXTAESALSAMD

BEEEIIH170mTD T & 0 #15% /& <, DEFSO& & &
AT, FEBNGEVHER & o 7o ShIZEROBEIC X
HLDEEZBNA, No.2iZNo.1 X E#HFARETDA &
DT HIZER L TH - oW, HERBRMIEAERKISE CRELS
m/s OMWEEZIT /DT, RTHA»DERIhz, 2
TEE B & 35EmE B OfEfE Nolozh b kD S FICEF LA
BRI L 7 - 72, No.3it No.2 2 1FIFR Ui CARL5E
P ORESZITTEREB LcbDTHAHH, AREAIOFE LD
DA, DT &aH20% /S ote, T/, AR & FERRIC2
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Fig.6 * 3 The tracks of measurement No.4 and No.5(Half speed, Rudder angle 30 deg.).
DA:maximum advance; DT:maximum transfer
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Fig.6 « 4 The tracks of measurement No.6 and No.7(Slow speed, Rudder angle 30 deg.).
DA :maximum advance; DT :maximum transfer
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Fig.6 + 5 The tracks of measurement No.8 and No.9(Full speed, Rudder angle 15 deg.).
DA:maximum advance; DT:maximum transfer
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Fig.6 « 6 The tracks of measurement No.10 and No.11(Half speed, Rudder angle 15 deg.).
DA:maximum advance; DT:maximum transfer
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Fig.6 « 7 The tracks of measurement No.12 and No.13(Slow speed, Rudder angle 15 deg.).
DA:maximum advance; DT:maximum transfer
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Fig.6 « 8 The tracks of measurement No.14 and No.15(Full speed, Rudder angle 5 deg.).
DA:maximum advance; DT:maximum transfer
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Fig.6 - 9 Correlational diagram and regression line for DA and DT.
DA:maximum advance; DT:maximum transfer
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3. 2. 2 FREMTEKI OERE
GPSMLEDXY /1y & ClREROMBZIERK L,
BIBOKE S EFHAN - 72s ZOER%Table6 « 7TITRL
7o
(1) fEA3IECHS
FENCBT HEERFOMB A Fig.6 « 1 0 iZxL7,
BEFORRIE, £EB XIUHETE, BIEMEWERTS
57z, Table 6 « 7 WRLALDIZ, HiEE LEREBOD
DA!DTORIZIIMBEDENRONLEEFLH LB, X
NODEIZCTNL0~60mBE ThH 7o, EENOEN
ICEBEBFEAER NPT, B, FEDOLERT
2TOREBEEINF IC AR AL BEBIT 1) & 1T L7, $940MRICIE

HREICER Lz Chid, BLCFIE L-BEOY D 2 B
KB ABERLOFN TH - 7o

BEEDAEREE T, £, FEOFEEBICT TR ET L
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REREED/D, 2~3m/s TED->BR2LOR AL
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(2) #EALSEOSE
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Table 6 » 7 Measurement results

Rudder Speed Turning DA (m) DT(m) .
angle(deg.) A side
30 Full Starboard 56 19
Port 63 52
Half Starboard 52 53
Port 36 53
Slow Starboard 49 64
Port 60 34
15 Full Starboard 95 137
Port 78 107
Half Starboard 62 156
Port 65 109
Slow Starboard 126 145
Port 73 111
5 Full Starboard 267 547
Port 180 333
Half Starboard 244 396
Port 182 329
Slow Starboard 360 622
Port 147 363

DA:maximum advance; DT:Maximum transfer
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GCURRENT <« Mo
0.3 kt 2 m/s
Port 30° Starboard 30°
Full DA
oA
0T oT

Half DA

DA

ot ov

Slow

0 50 100 (m)

Fig.6 « 10 The tracks of Kakusui with rudder angle 30 deg.

DA:maximum advance; DT:maximum transfer

WIND
CURRENT T <
0.3 kt 2 m/s
Port 15°

Starboard 15°

Full = \/DT,T)\

Half
6
(../ /AD(A
.
~~~~~ N
Slow

0 200 400 (m)

Fig.6 « 11 The tracks of Kakusui with rudder angle 15 deg.
DA:maximum advance; DT:maximum transfer

CURRENT < Mo
0.3 kt 2 m/s
Port 5° Starboard 5°

< ov
Full nTe‘ P \>

oT
Half \el

Slow

0] 400

800 (m)

Fig.6 « 12 The tracks of Kakusui with rudder angle 5 deg.
DA:maximum advance; DT:maximum transfer

DA {m)
750 Speed
Rudder Turning
angle side full Half Slow
30" Starboard O» Ay O,
Port [ X A, u,
500 b 15* Starboard ©O. A Do
Port ®: A m,
5* Starboard ©, As O;
Port @ A: =W,
03
(o]
250 a3
'S
n3
[n k]
, ,,02 Regression line Y=23. 470+0. 484X
TGU'/ 2 82 Correlation 0. 968
P coefficient '
0 { 1
0 250 500 750

DT (m)

Fig.6 » 13 Correlational diagram and regression line for
DA and DT.

DA:maximum advance; DT:maximum transfer
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