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Positioning System for Moving Floater by GPS (1 st, Report: System
Design and Test Results of Basic Operation)

Kimiaki KUDO ™ Yoshinobu KITANO **

The GPS is a new satellite navigation system. It is designed to provide con-
tinuous, accurate position all over the world. In the field of marine research and
development, the GPS applications are developing , using its easy and accurate
positioning system.

The Japan Marine Science and Technology Center (JAMSTEC) and Hitachi
Zosen Information Systems Co., Ltd. are developing a method to measure the slow-
ly oscillating motion of the floating offshore structure with high accuracy using
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the GPS relative positioning system.

In order to design the measuring system for floater motion, the state of posi-

tioning technologies is researched. The accuracy of the point positioning is
limited to about 15 m So, it is necessary to develop a new positioning system
using the GPS relative positioning method in the field which requires a few meters

accuracy.

To operate this system, a basic geodetic survey was carried out. From re-

peatability analysis, it is concluded that 1 ppm accuracy of baseline length can be
obtained with GPS interferometric positioning, even under the imperfact satellite

configuration in Japan.

Key word: GPS, floating offshore structure, survey, relative positioning
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% 2 GPS={Z#Trimble 4000 SD®D
B
Table 2 Principal specification of GPS
receiver Trimble 4000 SD
AE FA B L1 5 ch.
frequency Lz 5 gehs
C/A 23— FN#se
ZAEREH K C/A code

receiver type

1.2 3 — Pl X
L2 codeless

ATHITRH

outputs

G P S R#¥|

GPS time

L EE R

pseudo range

L 1 #X3AAH (1 mu L)
L1 carrier phase

L 2 #5060 4E ( 2 mPI)

L 2 carrier phase

Y7 v TEfE
sampling time

1 ~600 sec

TR l1em+ 1 ppm X EiRE
accuracy baseline
4 Y =T e—R | RS—232C % 2
I/0O port
T — 8 GrEki A 1M1 F RAM
memory
7 Tt <A 78R MY w7
anntena micro Strip

ZErzZ 3mPAN

error
Y By lg ©0~50Hz % ChitH
vibration lg,0 to 50Hz
Eig 30g % CiNH
shock 30g half sine wave

BT & RERERT ORXIEIIA 2 B,

— ZICRZITEBR IS, BEOZEBET
ZEIAIVITAEABOLEBANENRE LT LT
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Table 3 Test results of baseline measurement (Mabuni-Chinen)
WGS 84
" w B s i3 = - & Eh B R | I | RBERZRE
~ | latitude longitude | height distance | R Z | OEHIR edit
data (d,m,s) (d,m,s ] (m) (m) o RMS multiplier
26°107 127°49’ (m) (cycle])
1/26 29”7 .8609 | 48" .3927 31.346 | 14374.895 | 0.0838 0.136 3.5
1/27 29”7 .8559 | 48" .3814 31.461 | 14374.556 | 0.0620 D.12] 35
= diff. 0”.0050 07.0113 0.1156 0.339
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& 4 B —RNESEROHER EREK=25)

Table 4 Test results of baseline measurement edit multiplier specified (Mabuni-Chinen)
WGS 84
5 Wl H B Ak 13 = | #EE B B | THRIEY | ARARK
latitude longitude | height distance R £ | OEHIE edit
- (d,m,s) (dym,s ) (m] (m) ) RMS | multiplier
26°10’ 127°49’ (m) (cycle)
1/26 29”.8601 | 48" .3904 31.427 | 14374.831 | 0.0164 0.078 2.5
1/27 29”7 .8566 | 48" .3847 31.469 | 14374.639 | 0.0103 0.070 2.5
#Z diff.| 07.0035 0”.0057 0.042 0.192
& b Y rvIHEREFVEBBOREEMGT AR
Table 5 Test results of reference point measurement at
the area of the coaral reefs project
BRI R
Tokyo datum
| .
NN fg T i3 =T
date latitude longitude height
(dym,s) (d,m,s) (m)
1/26 26° 10" 15”7, 2490 | 127°49'55”.4403 | 2.005
1/27 26° 107 15”7, 2455 | 127°49 55”.4345 | 2.047
mean | 26°10715”.2472 |-127°49'557.4374 | 2.026
7% 6 e —HNSEROFAIKR RBEREK=35)
Table 6 Test results of baseline measurement (Kamakura-Chinen)
WGS 84
g g | HEE | BEE (BIoz | M EE | BT | RV | EREH
& lat.| & lon. 0 ht. dist. R % | OFEHR edit
(d,m,s]) | (d,m,s) (m) (m) o RMS | multiplier
DATE -9° g -11° 42/ (m]) | (cycle)
1/26 147.0836 | 58”.1522 | -23.609 | 1505878.088 | 0.5419 | 0.037 3.5
1/ 29 147.5696 | 60”.7616 1.966 | 1505942.218 | 4.4308 | 0.605 3.5
7%= DIFF. 0”.4860 2”.6094 25.5H75 64.130
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% T 88— ASEROFTAIER (RERABEEEE)
Table 7 Test results of baseline measurement, edit multiplier
specified. (Kamakra-Chinen)
WGS 84
s @ O g = RHEZEZ | E3DE &t _EE 13 e | 3R {%ﬁ_&ﬁ
o lat.. | 0 lon. 0 ht. dist. R % | OFHB edit
(d,m,s]) | (d,m,s) (m) (m) o RMS | multiplier
date —9° 8’ | -11° 42’ (m) (cycle )
1/26 14”7.1046 | 58”.1935 | -24.019 | 1505878.525 | 0.2090 | 0.115 2.5
Lif2dT 14”7.1328 | 58”.3764 | -26.827 | 1505879.976 | 0.1200 | 0.058 20
=  diff. 0”.0282 0”.1829 2.808 1.451
e s sen B weome calS) meedd + —lBE (SLR: Satellite Laser Ranging) %
Lo'NJ26E 1280 1300 13207 134 136" 136 i BT D DR TR B AR BN TED , T
j BAMMEE L TRIT 2T - 72,
% B3 19894E3 A 9 B2 S11HE TD 3 HA,
SE'F 1 HI2KBE D8l A 3 2Dk v ¥ a3 YILH W TIT
570 K8 —10568—3iCKkEy Va/DHIE
3’ LB HGP SHEORKRRILZRT . GERS
SV3, 8,11, 1381 >O8EmICE-TED,
32 SV6, 9, 1208695 1 DOHLERICH 5, HIE
_ DHALZETOHEEBEKRAIBL K, [[@—#8&
" i AL O#E ULHBRIT X SOBMESE <, E
& . ICHRATX2BEIR EZE 1 rEricEh LT 5,
i 19894F 2 A 14 BHic#T b LT S - mEIER
nl @RS oy BEUALGHEATE ZREL 18D HERBOHE

128°E 130" 132" 134 136"  138'  140E

X 7 ARBAICBTA2BEAUR/DEE

Fig.7 Location of observation sites tor
joint observation

LI EoBERRICET 2 BHRELABRE Ul &l
ICfERH XN G P SEZEBIZTXT Trimble
4000SDTL1,L2 _FBEZEBTH 5, 410,
F—7 DRM®EZIIZTE, &8, £fLAaas
DT 21T > 12e X 7 ICBRHI S DEE %777,
TE-HAMTH 1130 kn, TE-SARITH380
kmDEEBEDS D B,

TERERE FRZFKEBick, ATHELV -

JAMSTEC R 22 (1989)

DEARF SIS, iEEA SO TRITEITO L
RPRELLZEH LESEIZHIERL TV S,

M9 —-1»569 —4iKRERC LT, AR,
BllmEoMHES It 2 EREOEILEZRT,
i, L1 —EO@r, L1,L2 —HEOBTAE2T
WHEB AR AT, L1 —EOMr T, BEEEIC
X AEBRICHELEDFHIEESGP SHEL D EE X
NAMEEX v —VIKGENT V5 ER BRI
ENT XA =FiCE->TWB0, BRIESCE
KREEFH LTS, BEREEE /NS VR
TREHIH LR LIZHEEA/NS VDS, EFH
ERELLIBRBITRBAUB CEICKREKEFHLT
W5, —h, L1,L2 Z_FOFr TIIEMRBIC X
% B AR L & 3 A B R R e 3 B 1B A F

4 )



SV.6
SV.8
SV.9
Svil

L i 1 i
17:00 18:00 time(UTC) 19:00
(2:00) (3:00)  (JST) (4:00)

19894 3 H 8 H 17:00 ~ 19:15UTC
MBI MEORZH
Sky trucks of the satellites co-

mbination A at Chinen.Mar. 8.
1989.from 17:00 to 19:15 UTC

X8 — 1

Fig8—1

SV.3
Sv.8
SLAY
SV.13

1 L 1 i
19:15 2000 21:00 time(UTC) 2300
(4:15) (5:00) (6:00) (JST) (800)

198943 H8 H 19:15~23:15 UTC
MY 2HEORZH

Fig8—2 Sky trucks of the satellites co-
mbination B at Chinen,Mar.8,
1989, from 19:15 to 23:15 UTC

X8 —2

78

B

SVe
SV.3——5\9
S
SV.3
Sv.6 |
SV.9 =
SV.12
V13—
| | 1 1 1

1 X
200 time(UTC) 5900
(JST) (14:00)

8
2315 000
( 815)(9:00) (11:00)

X8 —3 198943 H8H, 9H23:15~5:30
UTCHIEICBI 3HEDRAZ A
Fig8—3 Sky trucks of the satellites co-

mbination C at Chinen, Mar.8-9,
1989 from 23:15 to 5:30 UTC

A LSIRAICHIETE 5729, BAKLES LD
ZAt, BB EDELBNE LI >TWV B,

HIOIKBER T LOFERBART, SRR L
i, FTEDORERZEZRKD, EREFEELEED
EMETHRLTEAK L LT3, Nd, £,
REehzh, BERE X 1ppm (1 x1079),
2 ppm(2x107°) O TH B, L1,L2 —FK
DFITHERIBEEEOECVRHEORRTHH 1
PPMASERSNTHBY, G870y 7 NEELFT
b EF o, BERLEMSHESINIEE ORI
BRI B,

B 11— 1, 11-2ic, Hill5F— 2 ¥Kizdbis
B, PEREZBMRE L TRoIME, a0k,
EE, mIO&HRKRSOHEMEMERES %2R, &
73 ARG TR T i O MEBAREGR 1375 < | BB TA),
1= & R DRKSC A TEEE S [ DR 4 1T 254 LAs
REV, Thid, BEEELSFEILARICE > T
SILORES DA BRE 0Ll WD EEZL
biLb,

JAMSTEC R 22 (1989)



WEOHEY HEOHEY
satellites : satellites
o mean 42 m 8 £ | mean 383404.58 m  , B
= o C > O = C
B =
]E E E.l A\*- m— ""-‘-u
| -1 ]
5L ﬁ , el e |
X 27 |3/8 date S \ﬂajio X 8 ¥8 date 39 -.\ 3710
L5 1
i 9
2 M Vs
>
S 5 \ x
-5 L -5 = \ f/
> L1 solution Sr \I/ ki
£ \mean 1131977.56 m T L1 solution
G Fa a mean 383405.33 m
0. : ’ 2
# 2 . , e .
= / ©
£ E N P i £ E
S E _:\"\-‘\ I N EO - | ; -
Y g0 3/8 “~a___ date 3/10 m}:{ﬁ /8 ,/l\date 3710
g e 0 e x
i & i 6 g
0 b
= =
& o
-5 - i+
X9 -1 PME-RSERTBISERETHE X9—2 TE-SEERICBT3EREFTRIE
ROBHIHE & pZEAL ROBHIB C EDEAL
Fig9—1 Daily deviation of baseline len- Fig9—2 Daily deviation of baseline len-

gth. ( Shimosato —Chinen )

JAMSTEC R 22 (1989)

gth. ( Shimosato — Kamakura )

79



HEOHMAE BHEOHEE

~ satellites satellit
st ST L1 L2 solution 11,12 B combination ﬁ5 - 11 L2 liits 1112 U cnmbihaeﬁon
E | mean 1505881.38 m O ® A £ 8652.7 a A B
a . A A B a mean 48652.72 m - c
o Q
e | o = C <
@ . @
¥ ™. J ®e
= C
mﬂﬁo_?—\\n \L\__ _ @-&;0 g_-f.-':_;__“'_ | hI
8- (Y8 date - 30 9|38 date /9
O o \5 WX & e \\__ 3/10
1 - TR
c %2
.o g -2
g e
i :
O
1
5 U solution 5
. L1 solution
£ mean 1505885.03 m /. £ mean 48652.788 m ¥
& \ JIJ‘ %
WS AN / T WZ
z 5 ‘~ )
IE E """"--._.______ b ]F:E uc_; 'f'
© i -—
= &??L# S ‘\ /
_0 — Ealt i J .
o =0
" 3/9 date 3/10 X % 3/8 \ 39 / 3/10
.ﬂ L1
%O . r*“”#KTA\\’
2 o * / .
; \ S
© o
...5 — ...5 e

9 —3 &RE —MESERICBD L ERKRITE 9 —4 BRE —FEEFICB T 5 EREHE

| RoERAIA C EDZEAL Rofflg T EnZEAL
Fi1g9—3 Daily deviation of baseline len - Fig9-4 Daily deviation of baseline length.
gth. ( Kamakura —Chinen ) ( Kamakura — Hongo )

- JAMSTEC R 22 (1989)



1000~ |
O L1 L2 solution
A |1 solution
—~100
£
A
>
¢ =
0o
()]
L
Q
a
o
10
1 L 1 2
10 100 1000
HiGE
baseline length (km)
10 ARk BT 32 EEEOBERKE
Fig 10 Relation between baseline length
and repeatability
HEOHAY BH HEOMSYE #HAlg HROMAY E#HlH
satellites satellites satellites
combination date combination date combination date
o A 3/8 A B 3/8 S C 3/8
el 3/9 A B 3/9 o C 3/9
® 3/10 & B 3710 J C 3710
L1,L2 L—:t:Jlt.Jtif;nw(R &
2o o o
L °E.. s =
YU

=
-
ht.

|
=3
[&]
|

L

A
A
/—DL }f\.

-
& : \
REERRS . 5 B R o | w BERS

n lon. lat. lon.

e e, e

K 11-1 TE-GaERICBI2EE, BE, 83Kk00RELRERH
Figll—1 Distributions of deviation about latitude , longitude ,height component and
error ellipsoids. ( Shimosato — Chinen )

JAMSTEC R 22 (1989) 81



HEOHAY &l HEOHAE #HRAE HEOHESY #HAIH
satellites satellites satellites
combination  date combination date combination date
o A 3/8 a B 3/8 0 C 3/8
o A 3/9 A B 39 o G 3/9
® A 3/10 A B 3/10 B C 3710
L1,L2 solution
05m ﬂ% _' R | &R .*
9 b 53
R ﬂ& @ {u}@ - .]HE -
/" —B BA ) (.-.H ® /,,_n —
L ] L ] [ 1 || i | ] L 1 m B
* (o | * Aammn S gy S S I
lon. 1at %%IEEJ&}
= = e lon
(1]
- = L

X 11-2 TE-$EERERICBOEE, £, 53l 0RE LEBERH

Figll—2

Distributions of deviation about latitude, Inngitude , height component

and error ellipsoids. ( Shimosato — Kamakra )

6 BHOHIC

GP SIKKXBBEAERN Y R T LE2EFT ST
DIC, HISEDEIRICHOWTHEE Lz, £ DiEHE,
1 RBAZEE I X ARG I 15 mDSFRF T dH 5,
I 5T, 3%, 1 ARl X 5R6REZER
I 100 micFH LI B E0bNTED, BEN
TOMMDOLLmIT, KEBRAIE, BELAK, BEF
g%, BEERicBD 52FENATE, BESVWAER
EREEZNELT A0 T, HXRIGIEZ B
L7l & R 7 L DRI ABRTH %o HXTHI
A D th T & BRI i WX ALH % H W 7o 33l
e X 2FEE, MHEOWIHAE XA 7 2 %2 HRE
LR 7 VT FA2BEHIEI3BTE, 0cnDFF
ETHRHAEDOMEIRDONSE D LHFIN S,
BIGL Y R 7 L DBREBEF 2, FAEEETH >~
AT LDFGTEIT o Tco BV R T L IEHEXTEAIE
DRI TE5EREIGP SZEVRATLET —
FIGE VAT L, T—FBITNEY 2T L ETH
RINTHD, BUEEERVWI N7 YR ad —
Y a viE, BEBEMEEZR TSR EIR XD,
) TG A LCEEDALEBE %KD B T EDTE 5,
5%, KVRF LAY+ vy —BLEEER TS
BE&EME OV 3 mic & 5RE L T % 326X

82

HREYPEBPIEREERRK (k5] IKEREL
KIEABREITTOTETDH %,

EWMrAERSER LT, FHRIGEIC X 3HIE
PIT- 4R, GP SHEDREDS, mithmEIC
RoTWVAKEIENLE OIOREBE~N7 b VORE
B DS DHERE Ha] DRY T R TEED K X
WZ EBah T, T, HEORBIKENSZER
BB AP H0, ZELIERPELNTL VI
EbH5M, IbETFONTVWAGP SHEDH
DD VEHEDREICBWT S, EEED 1007
S0 1 ORMBENE SN, FTLORIEFEREL
THoERATE, ThzHVWTEEQLEZRE
TXAL EBTIL -T2,

R%kiC, AY2R5F LO—EIZEABEGEERES
DHEABTEMELI-bDTH B, 12, A
BRllicksnwT, Billy— 42184t L CIEV - H
REBERSREBE b, RRFERERKRE—H
K, ZhHBRFEFRARBR LIRS L
Sy

R

1) BHARBMZAESH : “GPS—ATHEI XA
ARl R 74 =", tREABERAEGE,

JAMSTEC R 22 (1989)



263p, (1986)

2) IUEHE, (a ¥, FER—: “GPS bt

YA - a VB BMELORE” , WS

BEN, pp43 — 47,1989 3 A
3) Quill,j :“U.S.Coast Guard Differen-
tial GPS System Development ” , Radio

Technical Commission for Maritime Servic-
es Assembly Meeting, April/May ( 1986 )

4) #H 5, AN/h— " EHEMENAVSTAR
/GPS DR , M, 5 2735 IEFI634E
2 H
5) HARAMZFESHR : “GPS —ALHRICLS

WMEAM Y 2T L — B, HEEABERH

BiHe, 69p,(1987)

6) “GPS BULLETIN” Global Positioning
System Subcommission,March -April
(1989)

T)NLE 5= & FE, BLE# I GPS F
RGO FHIER” , RIIFELSEE, $34%,
% 2%, ppl25—135,(1988)

8) Goad,C.C : “A Kinematic Survey of
the Clinton Lake Dam” ,

ASCE Specialty Conference GPS — &3
Engineering Applications of GPS Satell-
_ite Surveying Technology, (1988 )

9) Goad,C.C : “On the Move With GPS”

P.O.B April—May pp36—44, (1989)

10) Wert,j.v. :“ Kinematic Stop and GO
GPS”, P.O.B April —May (1989)

11) Pietraszewski,D., Spalding, J., Vie -

hweg,C.,Luft,L. :*U.S.Coast Guast
Differential GPS Navigation Field Test
Findings” , Jounal of Institute of Nav-
igation Vol.35, No. 1, spring 1989, pp, 55
=
12) RIRE—H, @R#EE, BE F:. “BEEX
G P SERAIMEIC & 2 7R A BRER A" A b
FRBTIEEESES, HAAIM¥S, pplbs8—
159(1989)
13)“ Trimvec GPS Survey Software
User’ s Manual and Technical Reference
Guide ”, Trimble Navigation,Oct. (1988 )

14) ZBHEBREF « REUREF « BAKE « KK

JAMSTEC R 22 (1989)

- I K - WHERESR Y9 — GPSHE
7 v—7" . “FEBIE « BiEHIRIC 1) BIEEG P
S THHIMERIL)” BARMFELSFETINHEELSE
5, BARHEHES, ppl72—173(1989)
15)HE B, /Ml @ B/N_|EDER L%
DL, RESNE, 477p, (1986)
(FFGSZE : 198946 A 5 H)

83



	GPSによる浮体運動計測技術（第１報：システムの設計と基礎的運用結果について）
	1.はじめに
	2.GPS測位システムの概要
	3.GPSによる測位の方法
	4.浮体運動計測のためのシステム設計
	5.基礎的運用結果
	6.おわりに
	参考文献


