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High Precision GPS Measurements of the Position and

the Direction of Restorated Higaki Kaisen Naniwa-maru
at the Sailing Experiments in Osaka-bay

By Masao KINOSHITA , Yukihiro TERADA , Hideshi KAKIMOTO ,

Hiroshi ISSHIKI (Member), Takahumi ENOMOTO (Member),
Kazuhiko HASEGAWA (Member), Noritaka HIRATA and Kuniharu KOSE (Member)

Higaki Kaisen which is the most popular Japanese sailing ship in Edo-era was restored by Osaka- |
city and was completed by Hitachi Zosen Corporation in July, 1999. Naniwa-maru, the name of the
ship, is 29.9 m in length and 150 t in displacement. To test the sailing performance, experiments
were conducted in Osaka-bay for two weeks in the same month.

To clarify the sailing performance, it is quite necessary to measure the ship position, speed and
direction accurately. The high precision GPS has the accuracy of 2 cm, and is very suited for this kind
of measurements. The measuring system using the high precision GPS and the results are discussed.
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Table 1 Various kinds of GPS system and their accuracy.

Measurement | Signal Accuracy Reference Worstcase [Trimble’s
type point product name
Single Code with SA:15m Not required Geo When used as
without SA:100m Explorerll  |DGPS, the
accuracy is 5m
HDGPS Code im Required ProBeacon |High precision
+Reference pt. 0.05m/s DMS12RS |DGPS by carrier
DMS212H  |Phase
DGPS Code 10m Beacon by
+Beacon MSA
O |HDGPS Code im Beacon by Conventional |DMS212H  |High precision
+Beacon +Carrier  {0.05m/s MSA DGPS DGPS by carrier
phase +Beacon Phase
RTK Carmier  |horizontal:2cm  |Electronic Single 4000SSI Base line distance
(Online phase vertical:4cm reference pt. must be smaller
measurement) (Sakai or than 10km.
Kumatori)

O |Kinematic Carrier horizontal:2cm Required 4000S8I highest  precision
(Offline phase vertical:4cm 5mm
measurement) ;

QO |GPS gyro 1 Not required MS750 Depends on the
(MRTK) distance between

antennas

QO [GPSgyro 2 angle:0.1deg Not required TANS-Vector

GPS: Global Positioning System, DGPS: Differential GPS, HDGPS: High Precision DGPS,
RTK: Real Time Kinematic, MRTK:Moving Base RTK
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Fig. 1 Naniwa-maru running at Osaka Bay.
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Fig.3 Experimental area admitted by Maritime
Safety Agency.
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Fig. 4 GPS antennas on Naniwa-Maru.

Uwakarnwki
S

[:KGPS, 23 MRTK,
3: HPGPS

Fig.5 Arrangement of GPS

Naniwa-Maru.

antennas on

il7 oy 2 K%, Fig. 61277, KGPS D&M A
(reference point) it KR AZETZEH O EAKED LI
miTohs., BllELnEEITH 0km TH 5. Eins
SUPEEMTEM SN KGPSDF — %1 1 HOEE
AT, GPSEZE#IS7UYE—- - F4AZILH
ENhT, BRADHE2REARZIIFLATA. F2
T, BHEEOT - LEIIBITENL. —F, KGPS
Poo7— 51z, ERHEIC AT LACERESH -,

3. EHRIER
KGPS (2 & 2GHE %, Fig. 7~9 IR ¥.

= lio=

NII-Electronic Library Service



The Japan Society of Naval Architects and Ocean Engineers

MRTK :Trimble MS750
KGPS :Trimble 4000ssi -
HDGPS:Trimble DSM212H
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Fig. 6 Block diagram.
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Fig. 7 Loci of Naniwa-maru and Rainbow on
‘tvhe 28th of July.
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Fig.8 Loci of Naniwa-maru and Rainbow on
the 30th of July.
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Fig.9 Loci of Naniwa-maru and Rainbow on
the 31th of July.
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