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Admiralty Charts for Adjacent Seas of Japan in the last Days of Tokugawa Regime and early in Meiji Era
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Abstract

Japanese Government made ‘An Peace and Amity Treaty between Japan and the U. S.” in 1854 after long national
isolation, to permit foreign ships’ calling at harbors for water, supply and coal. Japanese Islands are located at one
of the end of the ocean route between the U. S. A. and China traversing North Pacific Ocean. Surveys along the
routes were carried out to publish charts of ‘Strait of Tsugar’ and only a few harbor plans and to maintain small-
scale charts particularly rectifying coastlines of offshore islands in Sea of Japan. Since amity and commercial trea-
ties are concluded in 1858, surveys in Japanese coastal waters are carried out in earnest and large-scale charts are
increasing rapidly. At that time British Admiralty Chart had confidence of mariners in Western countries, because
of its quality and the publishing policy to cover all navigational waters for trading ships. This note shows outline of
navigational charts in Japanese waters, published in the last days of Tokugawa Regime and early Meiji era before
the establishment of Japan Hydrographic Department in 1871 and the brief history of the Admiralty Chart during
contemporary period.

Although all of hydrographic surveys in this period were operated by foreign survey vessels, Japanese maps made
by Japanese land surveyors contributed toward the preparing navigational charts, required by trading ships, in due
course. This note also describes the adoption of data from the Japanese maps into the navigational charts during the

above-mentioned period.
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(NEEA MR 2 TREREX] Zikre LTH
WwWhHLZkET 5.

2 WERIAMER S M7z
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DRHETHY, HREDOZYZ AT 25 E
HIY o7,

1858 4E 7 H (Z2BK 5) T H ARABUF 1 49 A
WEh, finwctrsvyy -y 7 - AFXYVR-7
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Table 3 Results of Hydrographic Surveys in the last days of the Tokugawa Regime and early Meiji Era
TR D O IR AR IS AT T 07K B =l 5
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Pascoe (1972) 25#H4rLCw5. Figure 1 {2 1852
~1857 A IZFEMmSI N2WEZ/R L 72, HHOM
BRI XD W T 4 2 A RE L 7.
OB i

1854 4F & 1) Bl St S 7z A EDK RIS X %
WREERM XA e, SEEDK S 1845 4E 0 =
F7—1F - X)VF ¥ — (Edward Belcher) 12X %
‘Nagasaki, sketch of outer road’ }z U8 1849 4F-® Hal-
loran 12 X % ‘Simoda H'., sketch survey’ 23 1£5 S h
TW5., WEEMENILVF ¥ —I2 & 25 Bk
EAREKEBEIBOIRICEDIS D Thro7z. #
DIz, K—7 4 — MKEHEN LNV F ¥ —
DFRT [BEOH T TOEFBVET L) b
POHRE VI WHEDHLTZOFMRIIHLZ LI
HIETHL] L LCH Y TFHONELXELT S X
IR LTW S (Day, 1967). 1849 4 Dl
B ROV Ao % [E F i Marina O EAtRE 1L, 3%
AKHERD (REERFZESHE, 1983) TR I Nz HA
M CTHERL L 72 i o 3 X % 5L % & ARSI R 2 o
EhbllELAZL)ITHS. oL, @EREL
TRIRMEAN & OERER, EEHVEML T2
T (B4, 1988), B[l & i (i B 1% it & 48
D) zWELZbD LRSI NS, 1854 4 LLAT
DA T FOWRIZRFELOSDTH L. #Hifif
PEHRALEEE 7 T v AAT1852 AR ICHIE L Tw
5 (ZOMWEIZT AN — X2 X 5 HARHEFEORE
el & % 4 9 b O Tl 2347, 2405 IR S

Pascoe (1972) 12 & D 1ERK

Tw5. Figure 1 IZFC#K) .
@FNBLSAI TR ENE 2

B [E K B B 1855 4F 12 HARMED 9 B H A+
By EoMEEZFE- L, HER2 X
B 2347, 2405) #H 7 L7z, 2D 9 5, HAIM
FEOWEE, FEEH EAME Saracen it John Rich-
ards 2 X D) WA & B AE ISR B MU IS L 72 5
LR (BRh s, medf R, 1hiElEa) wWéE

125 130 135 140 145
ressuk | // Chiglrt’2405
45|  VetoriaBay ¢ " 1854 bISA - 45
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40 1 (57 1855 UK / - 40
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Figure 1 Surveys for treaty ports and approaches be-
tween 1852 and 1857
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BV & it O =
HooE ROKRE BT I A R
av7

_3_



Siniti Kikuti

Figure 2 Admiralty Chart No. 2405 ‘The Kuril Islands’,
1855 corrected to 1862 (Strait of Tsugar)
Possession of Yamaguchi Prefectural Archives
X1 2405 Kuril Islands (62 4E2IE, #B4) #
BEMEIRAT T 11U S A B R SR e

BB OHEE GO KB ESERI N TS
(Figure 1 ).

¥z, (99t r 512 1855 D E # Ml &,
HEE S THEENOBBEOMAICER L
7z] (€= —, 2000). FHEOHRIZLD,
WX 2441 Strait of Tsugar (FHRHEEE) (iR 1
B4y W@R7H3THD1), 1856 4F 4
HTI4T) HPfTE sz, =RV b (1840) 12X
5L, FHEERIEHARENT [7F F X0 ]
EIEIE, 1620 4E 12 Angelas i 5 AT VI -
T UK, 8 o % A 5, Isugaru,Tzugaru,
Tsugaar,Sangar & \ - 72 B FR 2 SCHRICHL B &
ENTEHELTWS. BIX 2441 % HIEMERT
X %o 7z0T, {iEX 2405 Kuril Island (1862 4E
IE) OHEEAL T % Figure 2 (2R 9.

M 2347 (2R & MM 0 BIRLS 2R 5%
uEORLE X, RE (LEE) %R CIEMEICHE
BIZZIR SN TV 5. MG L 1859 412 32 [ &
EICX D FHE SN TVDED, 1862 4EDWIET
(X DW= E TR S IR - 70 I FE
IN7-EETHA.

HARIZIRE S M- e ER L, R % Rk
BAFICMEF M Z R ST v B L
72, REDKEERCRETOBIEZ A Tl & [

MR TR ZMmE L, WEOBFIZTITFH I L
Mo 7z, (Pascoe, 1972)

KENZ X 2 WEIERY) —ffRICE 0L 0
U — ARTHETRRI R (1853~56 4F) 12 &
550N H5H. N —FROWEARIE, XY —
P o HA@MER (Perry, 1856) & LT, kK
BUFFIZ & o TARUITHAT I N T 5. R — kK
&, THE, {LAE, MRS, HEERTERE
(Endermo Hr) @il R Ml # I LEE 25 il o
BNZEBL TS, B3y —AHERKOLEIE
Cole (1947) XX o THE SN TS, KEHE
fitz Fenimore Cooper, Hancock & UF Vincennes (2
X % Wl Id 1855 4RI FEME S A, LIRS EE RN A
o7 T T MO E 7 HAbiEER R (BRI A
) 5 HARE % 8583 5 HUEsn v Ol & 23 FE i
N7z, Cooper K OF Hancock 12 & % H AR
Ol E (Hayes, 2001) ZFEE Ml & & XigAH%1Z
-9 5. F7, ML THZSE FE
Mk SRALH T AR 13, BICk bilHEE
#EVF % 7212 Vincennes DI #&#E Vincennes Jun-
ior (15 AJEAR) 12X > T5H29H256H 17
HIZ2T TRIBWICE T L T720km 2l & L
7z. Hayes (2001) Z#8#% & 172 Vincennes Junior
OFEFTIZ, BRI EREERONIHE, fHLEIC
FHFoTTHIZHFELTWA.

1855 T T T DT F ¥ —F LI &k o THEIA
o6 AP, fEL, THECHEARENE (HY,
ZRE, FH, L), oWE EHEI LT
5. ZHUZOWTIdILE (2004, 2005) @Y7
BREICEOEHE LB (Figure 1 ).
COEMI Y TIIMEEELMEL TS (Pas
coe, 1972).

OMBIF M RG G0 T FI I B2

1859 47 (LB 6) (ZMRHD 723 (ZHfE, BRI,
RIGHBE ST, AEER IS5 EN
THENEFE IR L VDD LR -7z 1859 - 61 4F
RPN ZMESFERS N, S TED S EBOH
wmATID, %6 T L7z, 1860 4F I3 KAl &
72 HARENO W EFERKIT 2. Ward 2545485
% Actaeon 512 & B PIEIZOWTIIRII (1974)
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AR L T b, Ward IZ & % 1859 4E D
Tsushima sound (KFE , HEIHIbA) WEIC
2T, Oliphant (1863) 2%, &I & DKIEDE
W DSIAAHEE L <, BIARIZEZ T TRE L7
CTEEMEL TS, EOWEITERYEX A
SEMINL LR SN D, 1861 I ET
O 7L B0 EFEIREL, WK, &
WE, BICIFEEERIC X 50 Y 7 S0 BEE
FOROFRENFEA L7z, F 7z, 1860 44 BF, i
F N ERAT IS EM DS, LS hTwi
DT, KD HHENOHE & % 2 U R~ K
BB 906k D I 2 A% 1859 4F 124 T ¥ #IC & o THii
Iz,

(1862 4F- LAk

1862 4ELARE, 1868 AE DM A B £ TIX, i
ORI BRI L oo 72, FriEIAFMEH AW
e Ebh/izZ s, BRIMIOOWEZTT-
720 EH, BE R OERE L LTHRE S 1, 1867
AEICHE - AL - ROBEMATHM 2 T L, FE A
=7 ZFFE O, B m & 5L 7.
N—27 23 LRZ e U CTRESMICHE LT
W5, EENCX LR, ZEBESOWNEN (KE
THRC [AA, FEREET] (K Ldo) R, BN
34E) AN XEMHICHEEIN TS, 20
ENZ, 78— 7 ANEE FHEREE & OKRICE D
¥, BRE, M5, BMEk (Simoseki
Strait) O¥EHSHE S 7.

1868 I AKEIE ) F v — XA h Sl =M 2 v
Y75 %53 % Edwaed W. Brooker |258C 72
FHTITHARFE LR OWE, GO EIE—
IS DA% 8\ F 72 T NGO R 2 H & i
{ZrlEFRLTWS (Day, 1967). L2 L,
HAN R OMOMIR T S % Ol E L 77
DEZEREORAELZIZL Y, WD O
ESIZ O W T H SO T 7 & AU > 72k
MO EICE SN Z B2, FEERERIC X 20
Y1883 4 (BHIE 16) £ Tk L 7.

H AR O KB 5L, 1853 4F 10 I KW i
TR L, +9 V¥ AOEEIZX ) HIzs
N7z (B85 1 KRI%E 1855~57 4E, 45 2 KI&H 1857

~59 4F). 1871 4F (HIiE 4) \ZI3KEER YA &
M, BUEIZIIE 1 5HNEAEZTITT 52 L8
T&. BEEPESE & DITE L CHATE RS
BN, FMOMIGENMEZELL (F8k
BB O TH 5, X 101 50 ¥ K& OF
i 120 80 5 B 5L 1 11 2 A6 i Y 1% 1893 4F (W1 3R
26) ICHAOWMEERZICTIERL, FIfT L
7z.).

3 EEDKEEERIC BT B IEXIERR

TARD S PREAEIT T TOREEKEEEBIZ B
5 X AE K 12 2w T Day (1967) K OF Ritchie
(1967) & W #iNT 5.

7 7 v ¥ A+&K — 7 * — | (Francis
Beaufort ; ¥ & 1t £ ] ] 1829-55) & [E = —
74— b BIRERICEDOHZR LR AETH
5. FBRBLAEREIZIE 55 F, 35 AR O KEER &
BERL Tz, =74 — MIKEFE K OBEES
LR TE L OERFERL, BRERIZOW
TIPS & o THEERER D8N F — VA5 S N7z
EEINTVD. O T THREHDOLEK L 74 5l
BB (IR 731835 4FUH £ TITAEM S 7z,
R—=7 5 — FORUHELL, ZDZ DRI E
THRAR SN TV 5588 L LT, Wik
AR I % R & 97 BOKERFOR, HALa Y%A
B (b SR 2 2 AP EL) 2R, IR T O R
1t, THDEHA] (stipple land-tint) RHFEML 5
DFTR, A, EiTEOD % EEFRE B A
ZENL. K—7r— MIFEH SRE IR
Tz HFEAE L TETOHTN I NL BN EEELR DO
IZL72. R—7 % — b 2RO B HHEDFE S 1 fsafe
as an Admiralty Chart & W9 R TREINE LD
Td o 7z (Wilford, 1981). DAL, 13L&
AERBEVSTIWITIERIEZDDTH - 72
A, PEORUE L 72483812 X o TR — S N7z X
EFSIDSHFEDOMR 4~ T TEA L, ZThaRsh
TWwo 72 (George H. Richards & 7K J 3 £ [nl 48
§%). K—7+— bPORRIZ, WE=27 VI
o TYERL S M7 &R & i 8 L il 2 /R
5 [HFHOHT] 5Lz, WEBCROHMR
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H 5 LoMERIER Sz, BHERE L 2
% 1854-55 EDEHEFH (EH) 12X (Chart
Branch) 3% CT&H; L CRIHRIOIC D ¥ X1E K
EBDME L 7.

el 1% 1823 A LR $ o & A R O RG AR IS
LTRSS N T WA, B~ e 1 24
), KEFBE OG- 2S¢ 5 HITRES
N7zbDTHo72h, 205 EHICIE [HifTOH
HE%d] 2T L) EEOHMO—ERE
e o7z, BEEDHEMEFIC B E RSO 720 2 E MR
RO, MHEHRLE) ETIHREEGEHTS
bDOTho7z. T/, FEKEPIZIZ OENS—
B L il E R ComXEROLAILEZIREL,
KERDT7 5V ABRZHCEFL, v 75O
MERE S RS E 2% 2 oz, R—=7 4 —
M EAE T O HE R FIAT B OB ONEE L <, 1830 4E
? 852 Wi 5 1855 412 1981 i & FIfT9 4 £ 9 I
ofz GEIZO0.8MOBE). ZOREET, Mok
HEOMOHATT B MR OWE H/N—L T
7z.

¥ arv 7Y b (John Washington)
KRR OB (1855-63) D 3 [ 3 [X] o Wi K34
A TH o 72, WLREXE RS L, 1855
A5 1864 4 D HIZFIATHEIXI A3 1980 Wi H#)
2500 WIZ¥EIN L 72 (BLAE o 35 = i ) A7 80134
3,500 [ iTH5.). A ZXDLDDOME%ED
72O TEEMZIBOHEMIID > L L. TR
R, HEMMPEERREZFEH T2 L910% -5
72, BEKEEERE O, SR O 35 A3 S ]
FE O S, AR O 2 YEE K H R AR
Bt L CRARR DO MUHEIZ LI T B & ) BRI DS IR &
N7z, 1862 4E121i%, 14 5RO 35 X ASEN R &
N, 2055 7)5 5 TRPHENCRGES iz, F
72, Ya—Y H. VFx¥—A (George H. Rich-
ards) KEEE R ORAC (1864-74) 1% 3% = Al [ Hy
R HAR O WA A3 H TN EA T S iz, 207
B, VT v — XE HAIRE O HE AR IS T
DM EBR IR OMER % 52, H AR L8 0 i
X3 & AEAE U 72 (R4 RE 0D 45 ] o0 0 s B SR <2 i [
AW E K BEIHICHKRE ST w5 (Pas

coe, 1972).).

R—=7 4 — PAKBEIHRIC o728 &, WFES
N2 BN BT IR i 2 BN 2 AR A e o 72
A%, 1832 4FIZHEH A & Merchant Marine Fund
(RAfmifE AL ) 2SI [H) C il B0 o5 B Afl 5 1 i 22 2
it % 72812 Nautical Magazine #5847 L72. 2
NEGIEHKE, 1834 45 11 H IS A AR TR
¥t (Notices to Mariners) % 1 5 %547 L 7.
L2 L, 4E[H] 3,000 & 7 % @503 24 R O i
EE OB THFFCh o7z, WBIKEIEIRA ¥ 7
THEIL SN, 1841 FORLEFICHIEX DR A B
bH. B, ZORIIKRUGIE & /NSOED X i3
{, BIE (correction) |Z—#% L CHEMIZFEL L
TWwiz,

T v — X E OB (1864-74) 134F 12X
WKHT LAYy —E22RmFELLLSINS. BIX
D HE GRS Potter I2BIF % 1868~73 £ D
ABFEITL B L, 1871 DO FAFEA I D PLE 12
L MEBEAEHEIL 1873 I AT S EH
7z, 1870 AEANHT S s Fr e FF O T AT 70 A3
ARSI, KEREAR IR L 2 vWid, WoehE
(subagent) ASCLIE D 722X % je5E ) &4t
(sold agent) IZRTZ LN otz BHiTl, &
W, FRRR, KCCIE K OV/NIE D X 53 H3hfESL L 72D
IZDZTATHA.

FIRIZ DT, 19 A v B A RRCER) o %
FADSEEE Didtam S 7223, KRN TIEMR & T
DOF ] 2 EE I 72 SR 2N X % IEARGHERE A3k foE S
Nz UL VIET & 2 CERlS 50T, %
ReHNZEL, SRAHEFEL R T VO TRER
RIS L Cwirdpro 7z (187548 (BB 8) ICHA
TKEEERASE A L 72 3 E B R 254 o EVI g
&1 H 100 & 88 2 %o 72 (U LR )T K
B, 1971).). AL, DS THIRNZE L 7% <
AHETIIYEZLS DEL, HHATIRE RS &
W 258 (i) Lz &l SN 5. JiElX 2347 Ja-
pan %% 1863 4 5 H L OV 4R 11 HIZdhi S o7z 2t
HiE, WEPNZLAEZEL TR E2b, 1
FEILLDMOLBEThHhodbDLHEES N
5. 1855 4F 11 I ENR % 3 E K B& R 2 & 4
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WICB T 2 LU SNz, SIUEKES T T IS
RE SN, BRTEHRIESBICRR S iz, S
SN X B R RRAE R 12 1930 4E4R12 7 - T b #E
wEh, ZOM, kA v FRras Ay FI2L5
JE AR FEBART DS BR 5E S 7.

WX AL, Pk, KA (linen) TEFTH S
N L C& 72, WRAKOKE
XIEDE 7 Va—-TL 77 2
T o7z, SRRERNI MR Y ZE 5 200
EA DT K, EHEREONGEAS I E R T
Holz. ZDld, ZOREAR%ZF o 72 HRKILHHRIK
FIRNCE L7250 TH Y, MiEsIhInwz end
H AR 38 TR AR -3 2 T 1 4 o FIVRI L 2 A
HENTE /. 1858 4RI MO HMA TR S h
7= COrIHHRASHEH S 23 < feve 7z, ).
LAl ERAS U 723 T, 98 K B S AT sE B (1855
AE~1890 4F 12 B, Kk 1E) 2% 1H M #& % fi )
L, SBUZR OB CH 25 S 259 2 HIRY
TdH o7z, FIRIOFVEAL X O HARBR X, EXN
M DFENRIET B 72 DA RN & 5 KR A
LT A2 LEEINS. HARENAE O
EENEII VT D M E L L Twb, HA
EINATEE O 1876 4ESthit (1892 4 % TEik) Difi
I Foo50, Hasdh, Mg, EEER
BHELLBVRRD D72 L) IHEE SN 5.

* L7 7y M WAKOKRE S, 71X58 cm

4 FR~BIERRE O H ARSI o 3 X

4.1 FRIZHATS iz

AR FIAT S 72 H AR #5 0 /N R e ]
{5213 Table 4 I248F 5 X 5 XI'Td % (Figure
3ZM). BENTINSOWXELMEL
A%, 19 il ORI KL O R & S h T
BT, ToOHIIMOTEZ L. EWNITE#ER T
G ETESCEEEITR O b O A% b R WHITE o
bDOEER DL, TNUIHIMERTE 7201, X
2347 (1876 4T, 92 4F £ Tuik ; KT
HEEEIR) 220 ThHoTz. F0iz0, Kifs
T EEKET L O EONTRHELEE 2 HER
BRE LR L., EBICHR T E X

120 130 140 150 160

50 1 50

| | = =~/ Hakodadi 2405

401 Sea of Japan |40

1358 Pcific Ocean
; 2875

/ 2347 Simoda

30 [ r30

Nagasaki
Shanghai 2412
120 130 140 150 160

Figure 3 Small-scale Admiralty Charts published in the
last days of the Tokugawa Regime and Treaty
Ports
FEARITHAT S N7/ RBE R & 1855 4RI
FCTOHAR L P E o 322 70 VSRR o X%
13 1862 4F LR DT 471X

FEHGEEC & B, iR X o % % % Figure 4
VR L7z, X 2347 JL 08 2475 (BRI (1974) 2%
HMALTn5,

H A3 5 o0 K i R I8 [2]3fE [X] % Table 5 1278 L
7o TRE D R HE R EE R, 1825 4R AR
e [E g H $%12 483 & 172 Capt. Hume R.N. 1762
FAER L S s Rl (B, 2001), €% %Rk
W, Y =R b A28 FEITHERK L - B 0
W (5 ¥ 0334T & SEEDKEREE SR L 72
b DT TH 5 Gl LR FTFKEEHS, 1971). 1856
AETIAT 0 R U6k D 1 [ ASFR A5 =] 0 ¥ 2 IX] T D
BWEHOLOTHS., 2F ) 1855 412 3 ¥~
DHFWEE RO A, FEER /NG R R %
LCHARBREZMML T2 12k 5. iR
TICHHT 272D MEOFYRET -2 %
Figure 1 {278 L7z, BIEAFIC X % 1867 4F (B
3) O [RKHARERGHEEREE ] G R A e 4 E )
EHAM OO % X % 72012 X 2347 % F
RL72dDOTH L. FHIIKES A H S T, 1863
FEUNHERUEOWEM23472 Lt L LT W
5. 1859 AELLFE, B OB I A b8 CTilgR
X K OHEAKIATIAT Sz (T 1350 o0 BT

_7_
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Table 4 Admiral Charts in small scales for adjacent seas of Japan in the last days of the Tokugawa Regime

FEAUNZTAT S 72 HARA S /I RS [ 1]

HiHH W - XA i)

FIATAE - Sk i %

#i R 150 73439 | 2405 The Kuril Islands
1~200 734539 1| (1 : 2,000, 000)

1855 4E 12 A 30 HFI4T
59 4F - 62 4 1 HilE

RSB IR ™

(BLEER) 2347 Japan - Nipon, Kiusiu and Sikok | 1855 4 10 H 12 H &R PeEDK B AT R (5D
and A part of the Coast of Korea 1861 4E 8 HKIE B ] 7K T e+
1:1,800,000 (ki 35 FEATIE T DRl | 1862 45 3 A iE L LSS A T o

i) 18634 5 3 15 T | SeRUKBET - (%)
1863 4F 11 A 10 Hdthit L TR ST A TR

644E 6 H + 65 4F 6 HoiF

2412 Islands Between Formosa and
Japan (1: 1,540, 000)

1871 AERRHE I H k12 L™

#ii 50 5 45 @ | 2875  Seto Uchi or Inland Sea
1 Hi#& 11 447,000

1862 4F 12 H 10 H ¥
6348 A + 634F 12 HIE

R S A TR

(W)

644E 12 H - 654 1 HOIE | SEER BRI (BHE)

Nipon including Tsusima(1 : 536, 000)

358 The Western Coast of Kiusiu and | 1863 4E 11 A 10 HTI4T
(Pascoe (1972) IZ:C#%)

1871 4F Rl 3 [ [X] H $%12 1861 45
FI4T 1866 T TOIEDEEH*

() POM RIS IEE A #E H $% 1938 4IRS & 5.

*1iH (2001), *27&7K (2002), 3 Admiralty Collection (TFERHEELHE), 4 £AH1 (1974), *5#A%1L (2001)

X 2347 (186345 H - 11 H) -

%E 1863 4F 1 H 1 HIZH D& THEX 2875 12557 &
LTHA. RIFIE L2 5MX»DH Y, BRI
A7),

4.2 HARMEOREEENOZEE
Y FEHEX 2347 DZEB

1828 4 F1] 47 @ i [X] 2347 Nipon,
Sikok (% Krusenstern Atlas (1827) #Z®D % ¢
MLAboksh b (LR TTKEK
i, 197D, WML CHEH SN2 Vv —E ~
Y a7y OWRIIERAER A B /LT, EAF
e EAETE D [Z7 V—E Y ¥ 27V v HARK
7%1) 1827-35 4 (905x 691 mm) | & (T IX[ U
HObLOEEbNL. FMIEHIENIE L, =FEH
Fi R OB AW IO Z A E T
5. 1855 4 T 41 o 3 =] ifit [X] 2347 JAPAN %, #
R, Krusenstern (1827) (BLF, TO#ET
[HMPIER] Ev9.) ZIRIER LD DT,
‘Positions of Coast doubtful’ & FL# L T\ 4. [Hif
BiE, #iR1:1,830,000 (Ab# 35 AL Mk
DT HU = Rt 5 AS i S L3 < IS L,

Kiusiu and

“Japan - Nipon, Kisiu and Sikok and A Part of the Korea {24 .

PRI B o S 2 W a3 2 S ERR O Z A3
SNFfE, THROERKZ&A, LMl Victo-
ria Bay (Peter the Great Bay) #tJiHLICX )@
ZLTwa (R (2001) ICBEIGHE).

1855 4EFIAT O X 2347 1%, HEER R, Ak,
He & W, BRI & OV H B % E % Mr.  Richards
(1855) 12XV, Quelpart (F =Y 2 B) kOXZ
OJLH ML E % Sir E. Belcher (1845) 12X V)
B L7728 L TWwaA. IHM X E # 2 Richards
(1855) DWEE AR ZEM L 724K, 2 >0k
B R OB 2SR S, BRERE B oL 2 b f77E
LaWBEPLERIN TS (Figure5 2M]). 72
721, Richards (1855) 12X 2 ME DM E A IE
fETH 5H. BIEAED 5 IUNILENRF 12, Richards
(1855) DMEB R Z I L2720, WEREHIY)
iz Y, e LTl TE R wikEL
o Twb (Figure 6 A ). =ilitEB~M%
PEIZ Y =RV PO ERH L TW5 O THE
HYIEMEZ S ST n 5.

1861 4 8 H £ TUUE DA 2347 1%, WIEP 5
FFICH Y T2 & % 1857 AE O B R DR &

_8_
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__ _Krusenstern (1827) I
L SBIRE (RERH)

#X2347 Japan
kR 18555F 10 12H

18614 8H

e =BT, =R N, TO— kY,
' OY7BRICL3HEE (RELE)

7832405

Kuril Islands -

1855412 A30H #2459
Pacific Ocean sheet 1
18575F2H27H

(tBEDBFIR % EHICHRE)

.......... BT DX

: R . . & 3FEE (RERH)
: i #M2475 Seto-Uchi i = ¢ (RAE/\E & 4%
HEE 2347 P #ifl1se2£12A 108 i
Preliminary Chart Of Japan EessssssssssEspassssssssEEEnEEnnnnn , :
i hR1863F5R15H .
....... o . : LA :
: EX2347 - ] :
i Preliminary Chart of Japan . . HT/2RhR :
! MAR1863F11H10H : : ; new C:l_a;_ft/ :
.' ................ H - ' new edition :
| 186446H | : : SiE '
"""""" | . : correction !
L Ter
:llll\: llllllllllllllllllllllllllllll : """" {gé‘égg%"'; E |arge :
; #2347 Japan - § UL Trmm—pm—— correction
E&W”igsma _____ Y AL {1885%9A ! | mBUMBLTLAL |
.................... . l ' BN IREARIERERRSS -
{ 18s3f5A 1 .. 1085 %30 . CtpTruEE
[ ( 18922 )  — :

Figure 4 Small Scale Admiralty Charts in the last days of the Tokugawa Regime and Meiji Era

AR S WB IS T O/ RE D% %

, JUNTEES (B PR~ KBS i) 124+ 5 > %
Lieut. J.H.O. Wichers {2 & % 1859 4E Dl & p S 28
PFH SN TRIEICSE S 7z (Figure 6 B &
1861 4 8 HIEDO T FHEINTVWEL I L &
MR L72.). 1861 4 8 HIIE DRI, MA
TR EEN RN oS 6 X (fEL,
PEBOIL i, FH, KRB, HYROTH) 23
HFASINZ, Tho0FIE 1855 FE DT ¥ 7 I
XHMEBRETHS. KES, RIEOHMEIZZD
FETHA. &b, ZOWKIIETT 5N 2459
Ocean (1857 4F£FHI4T) I2HBWT, [HHIK
BRHZ X 2 EERESHIBR SN TN S,

1862 4 3 H S IE# X% 1861 4F 8 H Sk X &
B3 % &, ILFBEHEHOKREILEES N, B

Pacific

PEERE, FELESYE I TWLS, =
B3 B RCHA v, [T, HIXE RS X
BRCE;, AR K ORI ALY o B ASHIBR S T w»
5. REE, KMN2»SHETELDT, Ward 12
X% 1859 FEDWE GRE - HEHL) I2XkoT
MBS R TEX 2L T TH 5 A, 1862 4F
WIEDWRICHRH I T v, $ 72, 1862 4F
SOEDHERNE AN (1974) 1Z3BIR S T B )5
HERICHTRR I & IR SCEAE AT O 2 2SR
5. BEG BB LAED 5205, miEici3
DILA %L, EBIZH 53 78 A M 23 Y)
ENTWVE, 2o Ens, INSCEEHETTEO b
DPF) T FNVORIFETH L EHMING.
1863 4F- 5 H e il [X1%, FEFLFHIT THA

_9_
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Table 5 Admiral Charts in large scales for Japanese
coastal waters from 1856 to 1871
1856~71 4EICHIAT & 7z H AR i o I N X

&= B (WER) Fl1TH s &
Chart Scale 0.98 =m = 2.0 Coastal Chart EFEX
2441 Strait of Tsugar m=1.0  1854/4/23 Z&iElk
2657 Yedo Bay and Harbour ~ 1859/4/1  #&ik*
(U.S. Survey) m=1.0 (1859.7.1)
127 W.Entrance to Seto Uchi  1863/5/27 RAP37aiskeE
or Inland Sea m=0.98
527 Ikilsland m=1.5 1863/12/19 ik
16 Hiogo and Osaka m=1.0 1867/9/30 F*
(1868.1.1)
536 Sado Island Niegata 1868/7/1  #&H*
Harbour m=1.0 (1869.1.1)
140 Hirodo Island Spex 1869/06/03 FF,FFiElk

Strait m=1.0
93 Akashiono Seto m=2.0  1870/11/18 FER A&k

Chart Scale m > 2.0 Harbor Plan #AX

m=2.0, 3.0, 3.0

357 Harbours in Kii Channel

372 Kagosima Harbour

359 Harbours on the W.
Coast of Kiusiu and
adjacent islands

270 Simidsu Bay m=3.0

1863/11/18 #RKEDHE
1863/11/20 EEREE
1863/12/19 AMBERF D

1864/1/1

BKE

532 Simonoseki Strait m=3.0 1864/1/18 EiF9:Elk
141 Yobuko Harbour m=4.4 1869/9/20 MF&

135 Sagitsu No Uram=2.8  1869/10/25 (F%AAHA)
107 The Naruto Passage m=3.0 1871/6/1  BEPI/EiEE
131 Kurussima No Seto m=6.0 1871/5/15 kK Ei&lk
107 Matoya Harbour m=3.6 ~ 1871/10/1 MIKE

R m=1.0 31BEE 11 >F & L THE (1:72,900)

*BASIFENA : BEEFEAR) Pascoe(1972)1C & V) ERK

lX, Mr. Richards (1855) IXfiiExfbE5 L9
WL CHARBFOHIK 2 St L7z] EHFELT
Wh, WERICERE S 2o w T
(&, 1861 4F (SLA 1) NN Sl | FEHF A A A
Fefy L7zBc, FUE 7 B 12 HICHRER (hIX)
X WALBEEBHY, Zok, FEHTNET A
19 HICNAHERE. 1861 4 8 H 24 HAF HABLAE
PR SN — VT y 7 &l U CERHR L2
g M7 H2 HicH—=vay s ~NELZBIE

2655 Shimoda Harbour m=4.0 1859/4/1 TH#E
2672 Hakodati Harbour (U.S.  1859/6/18 %8&8*
Survey) m=3.0 (1859.7.1)
2674 Endermo Harbour (U.S.  1859/6/20 E/%E
Survey) m=5.3
2710 Tsusima Sound m=3.0  1860/8/20 XFEB(ME)
2875 plan, Hiogo and Kobe 1862/12/10 ="
Bay m=2.5 (1868.1.1)
2415 Nagasaki Harbour m=3.0 1863/5/1  Ki&* % 7.
(1859.7.1)
356 Owasi Bay, Oosimaand 1863/6/19 REE&Z, AEB,
Urakami Harbour paE

Figure 5 Admiral Chart 2347, May 1855
Possession of UK Hydrographic Office
YL ER 2347 1855 4FE 5 H AT SEEDKESER
Pk
1) AFTEER 3 Royal Geographical Society
London’ D FHEIAH D, LR AL
B 5 OFLHE

HARBUF 2 5 AT L7 X1 1864 4F 4 A
11 HICHEET 754 ~ (Actaeon) 5 & F— 17
(Dove) 572 b FEAKBEHITHO o7 (&
£, 1998).

1863 4F 5 H iR o g 1M1, FRMI (1974) K O
K (2002) WCHHEERIC X B EEEN & L CTHEEK
ENTWVAD. FIFICIEHEICHET 2 Es Ko
JLzH Y, BEIIEZ RV, IS 25 FH I Ta
ble6 DL BYTH5. FLFIIERLMAKTLS S
N, BRZHEMKETL2ECLDI0LBZ W0
MMELRFEEXHTH 5.

WX 2347 1%, 1863 4F 5 H T S L7z X 23
4 11 HICHER S M Tw 5. W SCEERT
B 1863 4 11 H SR DI FIvE 2B % 5l g
MBI NTEST, TH, MFERSFITAN
WIN, KEIPZYBEIML T 5.

4 2347 (1855 4EHI1T) 13, WIfEEEHFE%
77 v AME (1852 4F) KUHEE 7o —h 2o
HWEIZX o TW722%, 1861 EWIETH ¥ 7 illl&
(1857 4F) IZ AN Erb o7z, HEIX 2347 ¥) ) H L
MoBmEMNITA: (Victoria %) 133EE 0 1855 4F
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S
32

5 3 AL NN i

-.-Bvu&aah s B i;- b ,‘:jf\»:'\;'f... \ ¢

(b G IUSTU BAY j’"" L -
Sy T s A o
g,:tB' E Gl sl | N WK

Liam gy
oG D _ JA'%‘

Figure 6 Corrections on Admiral Chart 2347
A : Published in May 1855.
Possession of UK Hydrographic Office

B: Corrections to March 1862 ; using survey
results of Lieut. J.H.O. Wichers

Possession of Yamaguchi Prefectural Archives
7 VT KEEEHT 4 F v — AOWWEERIZ &
AR 2347 DOEIE

A 11855 4 5 HHIAT  SEEDKER R

B 1861 4F 8 gtk IR SCEAER K X
JAE T

O PR TR S 7z A8, 1863 4E 5 A FIAT i
XTI B LEZD D OIS .
@HEH 2405 D%

X 2405The Kuril Islands' i b, N1
YRR, TRANE, B AFx v b B L O
WM A UET 2K THL. Yy LEHE RV

Table 6 The List of Treaty Ports noticed on the Chart
No. 2347 (May, 1863) and Limits for Europeans
W 2347 (28R S N7 BRIy & VU O it A% i PR

TREATY PORTS
LIMITS FOR EUROPEANS
HAKODADI |10Ri (24 miles) in any direction
NAGASAKI Any part in its vicinity
KANAGAWA |To the R. LOGO and 10 Ri in any other
direction.

NEE-E-GATA | To be settled after the Treaty. If this port
not found suitable, another to be substi-
tuted.

HIOGO 10Ri in any direction, but not to go
within 10 Ri of Miaco, and crews of ves-
sels to cross R. Finagawa.

OSACO To be arranged after the Treaty

JEDO De D’

WeEHEX 2347 (1863 4F 5 HUhR, £RH1 (1974) ) o
FELFOTICHEBMINRK, THREB © AEBH 2 H8 T

B E 1%, 2T ALk 40 BE 40 4, HORE 133 B 00 45
i b e 51 B2 46 4 BURE 158 BE 00 77, i R I
1:2,000,000 (AL#E50 BE) THh B, KO TIC
128 EETOY Y LA D 5. il Tl
HA M) =X, €7 MY TE, HAHIETIEH
FEAXIANICH Y, HAFx v hEED T T
AF—=H2F X v F—OHEHIHEETTHS. ¥

M) TEOFHFIUWELEE 2> TW5. 1862
EYOEDOHRIZI, 7 A M) = XBLHOIHEHE
REN, WEOMELEPLORIOBHBB SN TV
5.

FERLFICT L B &, X 2405 (1855 4EFI4T, 1862
EYIE) o2 v—¥rvasivy, Y—FKRIL D,
THa— bR THwKIICEDIER S N
(Figure 7 2). dviEEoOM#F#E, FHLILD
HARMIN R RO F R =2 7 liRES 7 V—¥ »
ATV OWBKIZE S DO THEDHERMR LK
XL R L o> TS, —J, FHLIR O H AR K O
SEE DIVE O T3 e i AR A B o HIX & X <
—F L, KEZEBRLTVWLHb D 5. R
ASIERE 72 DX KR & RSB £ CIEME I Hlil S
TWVWBHIENS, Y—KIV Mo EZEHLTW»
LHLDLHEEEINSL. (Figure 8 )

¥ 72, FERHE (Figure7) OFKREIZTS. Taka-
hasi Sakusaimon 1826. Astronomr Yedo. ® it #iA%
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Figure 7 Title Articles of Admiralty Chart 2405 ‘The
Kuril Islands’, 1855 corrected to 1862.
Possession of Yamaguchi Prefectural Archives
JeEEX 2405 The Kuril Islands (1855 4EF
1T 1862 4 ¥ TYUE) FERLEH. IR
FEBANZR ST,

Figure 8 Admiralty Chart No. 2405The Kuril Islands’
1855.
corrected to 1862
kaido)
Possession of Yamaguchi Prefectural Archives
YeE 3% 2405 The Kuril Islands (1862 4Eck
1E) AkifE e &
LT VRS B B A 50 SRR T R

(Western Part of Hok-

Table 7 Corrections of the Charts during 1876 and 85
1876~85 4E DX O KIE & /NSUE

76|77 78|79 |80|81|82

2347 1876 4ECTRR

Japan

2
@
@

©@® 0«
CRCE
©e O~

CIEICICICE

S

2405 1855 EFI4T
Kuril Islands

@O @O~ o8

©
© ~

2
@
®@

@0 6e® ~
® ©
©
@0 ®O~
©

< : Large correction @ : issued month

Hb. TNHOIT— FIZREFHO MM AR 72
D EFEZBA, 1862 4Lk o il B b T AL AE
Fizlie ALTERTE TV, REEZZDS, 7
5 7 M PEREDEIZ, ‘Chart Siebold from T.S. D FL#k
Bdh 5.

1859 4L IE DX 2405 (&, H:BZ KA L
7o VDK BT AT HE X O BB CUE, FEFL
BEARGE S D70 W I LIS 1862 4E L IE D X & J&
W K, LB O D F LB TH 5.

G 2347 & 2405 DZ D% DL E

19 i O EERK O LRI HAENICH T D
2, BB D OLATIE, X 2347 (1876 4E
R, 92 4F F TORIE 5 R KRR G X AR AT
) M ONE 2405 (1855 FIAT, 94 4E ¥ TIE ;
P K BB RGEXIEE) A L7, F72, 3%
] o T ¥ B H $k 1938 AR RRIC & B &, TRIX] 2347
(£ 1876 4 8 HHIATOZ ML E LT 5. 1865
i 6 HZIE D %13 1876 4 8 H et [ O Ik %
BEMOGEHIAHTH 5. BREFHERFO LKL
BEERBITOVDERELICRoTWA, P 2~
3IEO/NLIEDH Y, KBIED D 2 4 1Z/NIE DS
i MEIMAHSd H. Correction DEtF 1B X
TWZRWOT, {2347 1% 1865~76 4E DU K
OSIE, #2405 1% 1862~76 FEDUIEDSAH T
B 5. 2347 (1876 M) 1L PHANC R K
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POy b7 v AMEUET 5 L9 X%
PR L  (b#E 35 EToMiR, 1:2,000,000), H
E & HAD B % fitifE 3 2 X & L TEned
W DL Lo TWA, AL 722347 1
1876 + 77 ED/NLIED e WD T, 1878 4E 1 H &
D AT (Revised Reprint) & L CHI4T &7z
boLIEE s NG, FHUEHAYT Y1 TR
27 o 7z & EITRBGEWM O HZ B L CTHiz1C
REVER S 2 dOT, BUEEIAHE L%
L Cwb. —F, i 2405 1% 1855 FEFI4TD
DT, 18754 F TO/MKIEZ Y AN THIK
L7zbDLIfEEsIns.

DZ DD HER DL B

1% 2875 SETO-UCHI 1 111 1 SCE AT O b
o LW CHATH OMRARE (1974) 12 S h
Twb. Hi#iE[1862 4EFI4T, 1863 4E 8 J - 1863
12 AYUE] ORFENH ), BHIZENITML
T, [18644E 12 H - 1865 4F 1 H L IE] o Rtk 28
H5b. X 2876 1 KGEAIEE D S T~ D
MU WICRRIRE N TV S, 1865 FELIED K
JEI By i PE B O KRS IEM E T 5.

5 HAMNIXERSWHEKER ORI
PRAN (1974) 11X, 1840 FFICAEK I Ny — K
Vb OHWKAFHHIZ LHBEICEELNT, IE
MSTEHEDLIZN—E Y Y27y ORI R
2347 (185545 HHI4T) ICHM I N7z Z LTkt
MABT DT, KEFEEIN—E a7V D
YFERZFZOMBIZHIT TS, P, 70—+
Y a TV 3EEREER OB FFoa YT
MELETHY, BEHFEKBNEENETH -
7-.

=R F oMK ERA L= E S M%
P T OWEIII IR 72 1849 4F (2 e =]
FfE: Mariner 2SI L 72 CTH 5. X)) —
PRICEZHMEFERINHBITIH L. o
T, ¥Y—F) b O & FCRFEE OMEIZ X 5
BERE OB RGDORHEL o7z FiH
WEZOLNS.

1861 4 8 H ¥ TBUE X N 7-7IX 2347 13+ T ~

&g O = ERNT X0 JUNPEER O i 2 KR
WCEELTWAD, ¥ —RV b ORI RS Z
BOLWAD Y, WEHEAHNA K TR S EHEE
HLTWAZENLY—KIVNOMKESZIZL
e REE SR, COFFG, I X B WEIC
LDMERLE V) T AR T L2 &b
I NG, WX 2405 O A6 E B R K O RO IE
e 72 WA S T WA MG, 7Ta— k>
RKEGEIWE L7 THSH. 7u— o
FEBERIZA T Yy FHEOLNVTH Y, KEHE
FIZX2WERLE»SRT, wBROWERE ¥ —
ANV POWKESEIIL-DbDEEZ 5. N
2405 OFLFIE Y — R M OWK E A L 72 XI5
ZHREL TV WA, JL#EEO Z O T I
TENDLRRLEAE .

LR, deiEEva R - fE R OCTUNPE X
Bl v 3 A8 & 2 \ AL Wi it C i b Tl
Mg Z L L T 58 Th 5. HARBHFDORGEE
DEVHKZ AFTE % ETlE, FOKFEEEREDO
KB R X B HGEEZ &fFE LTy =RV ol
Mz L7zb e E2 5, K=7+—h
WX o THIEERNC X DX ZMET 520 S
FEV.LTW/2DT, ¥—FNV MHPBNUE L 7-HX %
BHHICRHT AL TE L7 EZS.

{E1X] 2347 (1876 4FChi) (21& [ HABT O H
Ao L7z] &35 m<, Wik G
B K F PRI 12 ‘No confidence is to be placed in
the position of the coastline between Katsura and
Sendai Bay, which has been taken from a Japanese
Map' DRt HARLHM SN TV S, 2 OiEERIE 1888
(UG 21) 5 AHATOMER 216 & [ HREE 2
LI IZBWTDH, 2 TREOH, HIZIE
MK EDO—HBEZM &) BRB EhoTwnd
(e, 1977). COEXIZ, MEEROELEA LR
FRER 2 S|RA L72d DT, Z OMKEKT 1902 4
(W36 35) TAECTHH SN, BIED KW E
BT HERERE OfIDY, THHoEE %
RTHOLLT, BRRHOEREL SN TED,
Mz METIE R <, M2 2T 72 RN
BEMEEFOBHT RO BILF RIS o7z
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CTLIZED, Zok) pEERLEIRERIND
DEEZDH, TOZEIFY—FR)IV O EFRA
THIIHBo T T ¥ iEEAEIC X 2 HED
BHolzZ b LFARDEROWNSTH 5.

6 FLO
6.1 FAR~BHRBEDIAIIEX DIVER

AC A A5 A B8 o L M OF H AR 302 1 C D i i
HECBIL2EERE LT, ABEHICEOVWT
FifE, THEOCRER >SS, FHikY 3 7iro
R & /N RO X AS A & 7z, KRN 1T oK
E, %E, £ 57k y 7R EERL
7. WEDKEEIRIE R — 7 + — PKBEE ORI
PR D3y — 2 2L L, AR O % T
T35tz oTwWi, ZodIiz, FEEHEX
V245 L o0 0 s B SR 2 RS LR L 7.

1858 4 IZ WK FE ] 5 77 [l Al L 72 A5 f 18 76
RN CTHBE 5 PIIPRREI N, ZF0
728 O XA 13 BV T 2 A bR TE EICHE
Ehsz. R s HEDERL, FWEZT TR
<, IR B OV H o0 S A il S 7z,

6.2 HANUEBEROAERLMORM

i [X] 2347 Japan (1863 4£ 5 H &t i) (& 17 Bk
AR LR E LTRLHbRTwS. —4,
1% 2405 The Kuril Islands 283 —FR)V b DO Hl
M, 374bb, HARANMRERRINER L 71X % 5
AL TH B 2 LIIMEROIIFEIZB W THEB
ENTwhdhorz. L L, KBFZEIZ X - T, 1863
EOMEM 2347 RIS B, BRI 2347 O
2405 1233\ TAHV NI o0 0 4 R & B L T
I S 2 R C & 7SS R > THARAMER O
PER L7z DS BRI ST w22 e 2R3 2 &
T&7-.

6.3 SthomseiE

AW TIE HAKEEFRBI R 0 H AT if: 92 =] g
OB Z2EHTE /2, ZIUFEEDSDO L T ~
¥, 77 A, a7, KRENZ X ZKEENR L
BIFIATIZ DOV T ORI = A IEIEZ LD &%

5.

% F

ARG ) — M ZIRAYE DK ESEF A T i O F:
K~HRPEIC BT 2 HARR L ORI OREL %,
R OB ED T, KEBEFBLE D DI
L7250 THA. WM, 49, 1854 41T
Al S M7 FBGR I D S B~ OB D729
WZAERE S, HEve T 1858 4B I 38 v 4 K9 25T
Kashal, BEODIKIMT B D 72012
PR S 7z, HERVER X RAAR O 5 B IS 2 CALE
KGR, FRICHEDKREETIC X o TIRRICHED 5
Nz, oY I2E, % E#E X (Admiralty
Chart) 3R —7 + — PKKTREOIEIZLY %
ERAICR DB I N E o Tz, 20
728, AWFZE TR EFRICHE N EZ L TC,
R ~URBRAE O HAKERAIE AT o [ H AW
] Z2Feak L7,

o W
A X TN IS R OV DR B R 20 i
B B EEREM 2 LTtz D7z, £k
R LTZERREICHEZRT A, T4, RN
PTG L7z, ERIRIC B % H 2 Ek & iR
P L T 72 73 72 TR BE TR EE T AR R 2 G
TR QRS 5.

ZE R

LEENTFE M (1983), SAMEEAKHMEGE, PR ST
Ak S gE#ET), 35, 774 pp, WabERE, HOL
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Bias estimation of acoustic transducer position for seafloor geodetic observation

Yoshihiro Matsumoto*"

, Tadashi Ishikawa** and Masayuki Fujita®’

Abstract

Among results of JCG’s intensive observation off Miyagi Prefecture, some epochs gave erroneous solutions pre-

sumably caused by the bias of acoustic transducer position. We tried simultaneous estimation of the bias of acous-

tic transducer installation and positions of the seafloor reference points. As a result, we detected significant biases

dependent upon difference of used devices i.e. acoustic transducers, observation poles, etc. Correction for these bi-

ases gave less scattered time-series of determined positions and reduced residuals of traveltime. This method took

effect to improve the accuracy of position estimation of seafloor reference points.
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Fig.1 Schematic picture of the GPS/Acoustic seafloor
geodetic observation system.
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Fig. 2 Location of the seafloor reference point (open
square) used in this study shown on the topo-
graphic map around northeastern Japan. Also
shown is the Shimosato site (a solid square labeled
as simo) .
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Fig. 3 Time series in the horizontal components ob-
tained at the seafloor reference point MYGI from
eleven campaign observations during the period
from October, 2002 to October, 2005. The top and
bottom panels correspond to the EW and NS com-
ponents, respectively. The position reference is the
Shimosato site, in central Japan. The vertical com-
ponent is constrained to the height at AUG 2005.
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Fig. 4 Typical planned lines and actual tracklines of the
drifting observation.
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Fig.5 Relationship between positional error and distri-
bution of heading of the survey vessel. The time
series in the center is the NS component of the
seafloor reference point MYGI, that is same as
Fig. 3. Four scatter charts represent distribution
of heading angles of the survey vessel in four ob-
servation epochs: each red spot represents the
heading angle at each survey line.
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Fig. 6 (a) Geometrical principle for positioning of a
transponder.

<

biased{—

W true position

Fig. 6(b) Influence of the bias of the acoustic trans-
ducer position upon positioning of a transponder
when heading of the survey vessel is well-distrib-

uted.
biased A,,_.___n__fl_:‘ased K~ >

Fig.6(c) Same as (b) when heading of the survey ves-
sel is unevenly distributed.

3 MKIEHERAE L EE T VAT 2 —
DISA T ARG L O R
3.1 JRfLEMNTY 7 b 2 7SGOBS] OB
A DEE O RAMEBEICHNTWE Y 7 b
7 = 7 [SGOBS| (# H - fi, 2004) &, KGPS

FRNTIZ X B GPS 7 v 7 F OfLiE, SEEFHTIC X
B EPGERE, BHEEHI ST A =5 (NT 1 V7,
=), ¥vF) BIXWEROETHRERME T 0
T7ANEANLTCINLDORFERERKEL, XA
VT VERNAFEICEDS A =Y g v (B
i, 1994) =MW TR MEZREST SV 7 b
7T ThHhb.

A DIER LT MRS TIE, 18I
EJEHN 4 RO R 2 W ALICECE LT b.
FFINSHEBFICOWTENRZENR— D HE
ik CRAEMZ R 7%, TORET—5 %
W, —EDRFRY 4 ¥ RIS R ORI
1LRBERD D, SO A 7 V% FALEPEE T
5FTHYEL, RENLRBVERZRD 5.

B, BRREEE L CIZER O O dOM
i (AR LIFEh ) 28T 5. 2
i, BT —% %2 3R/ 4 ROBREOH
DRI LT VALK PRI 52 EI12LD,
Z OHUL R BT % i O HERAE O KCPALE A
DA cm BEINELKTLHILDNTE S
(e - BEH, 2004) Z&i2X 5.

3.2 NAVT UL UN=Ya ElonT

COFHEL, B EFORE ¢ LB
F=F YO LEFNINTG X —F x DIZ, A %1
W ATH & L7 o Bl i FEak

yO=Ax+e (1)
MBI IO EREL, EFNINT X —F OHWMHE
MODOBESKRT T FVICEZOND5E
2, BEFIWNT X =i KRR L - TEHEA
ENbEVIbOTHSH (K, 1994).

£=x"+DA! (E+ADA") '(y*—Ax") (2)

ZIT, 2 IFEFNST A — FBME, DX
BT N8T A= FOWIED S DT & Ko
V% S EATH, E X e DRAES Z SO
5L HATHITH 5.

— W2, BT =% L ETFIINT A —F DR
DRI TH L EDBIT LA L TH 575,
ZOWATH BB BN 2R L
TIEHIEBRAR O Lo EIRE L, 52 72 #)fi



Bias estimation of acoustic transducer position for seafloor geodetic observation

init value

Fig. 7 Algorithm of parameter estimation applied to get
the seafloor station position using the round-trip
travel time of acoustic waves
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Table 1 List of observed data used for estimation of the bias of acoustic transducer, classified ac-

cording to used survey vessels and acoustic transducers.

. # of
Period | S/V | X-ducer I‘Qb .observauon observed date observed acoustic
Oscillator | site and epoch days .
ranging
MYGI 0307 2003.7.12-17 6 7084
Kaiyo SIOE 0309 2003.3.9-12 4 3104
I not SIOW 0308 2003.8.24-27 4 3797
used MYGI 0305 2003.5.26-6.4 6 6430
Meiyo FUKU 0306 2003.6.7-10 4 4857
TOKW 0208 2002.8.8-11 4 4647
MYGI 0404 2004.4.24-5.7 8 9278
MYKA 0402 2004.2.13-19 4 2959
Kaiyo old SIOE 0409 2004. 9. 20-25 6 7452
SIOW 0406 2004.6.6-9 4 5260
I TOKW 0408 2004. 8. 3-6 4 4869
MYGI 0408 2004.8.19-27 4 4912
SAGA 0401 2004.1.10-15 6 7101
Meiyo SIOE 0407 2004.07.06-12 4 5477
SIOE 0411 2004.11.12-15 4 4698
TOKW 0407 2004.7.1-5 4 5261
MYGI 0504 2005.4.22-5.9 6 7923
used MYGI 0507 2005.7.1-4 4 5321
MYGI 0508 2005.8.9-14 6 7408
MYGI 0509 2005.9.9-18 5 5921
MYGI 0510 2005. 10. 22-30 6 6314
Kaiyo MYGW 0504 2005.4.29-5.3 4 4486
I new MYGW 0506 2005.6.3-7 5 5817
MYGW 0508 2005.7.31-8.5 6 9091
MYGW 0509 2005.8.29-9.2 5 7015
MYGW 0510 2005.10.10-21 6 7011
SAGA 0501 2005.1.30-2.3 4 5224
SAGA 0601 2006.1.10-16 6 6603
. MYGW 0602 2006.2.19-3.5 6 5415
Meiyo
SIOE 0605 2006.5.29-6.3 4 4841
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Table 2 Statistics of estimated biases for each epoch according to used survey vessels and acoustic transducers.

) Rb observation | observed biases (m) mean bx mean by
period | S/V | X-ducer . .
Oscillator | site and epoch days bx by SD bx SD by
MYGI 0307 6 0.0284 0.0694
Kaiyo SIOE 0309 4 -0. 0455 0.0577 -0.0117 0. 0491
I not SIOW 0308 4 -0.0180 0.0201 0.0374 0.0258
used MYGI 0305 6 0.0497 0.0528
Meiyo FUKU 0306 4 -0.0103 0.0091 0.0079 -0.0272
TOKW 0208 4 -0.0158 -0.1435 0.0363 0.1031
MYGI 0404 8 0.0442 0.0358
MYKA 0402 5 0.0414 0.0181
Kaiyo old SIOE 0409 6 0.0087 0.0379
SIOW 0406 4 0. 0040 0.0521 0. 0278 0. 0380
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MYGI 0504 6 -0.0077 0.0983
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MYGW 0509 5 -0.0192 0.0894
MYGW 0510 6 0.0262 0.1203
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SAGA 0601 6 0.0106 0.0771 0.0184 0.0293
Meiyo MYGW 0602 6 -0. 0551 -0. 0470 -0.0562 -0.0419
SIOE 0605 4 -0.0573 -0. 0367 0.0016 0.0073
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Table 3 Values of bias correction adopted to reanalysis.
Corrections for Meiyo in period III are temporary

values.
iod SV bias correction
erio
P bx (m) by (m)
Kaiyo 0.03 0.04
Tand II -
Meiyo -0.04 -0.05
- Kaiyo 0. 00 0.09
Meiyo (-0.06) (-0.04)
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Fig. 8 Same figure as Fig. 3 for the result of reanalysis
corrected with mean bias of acoustic transducer

position.
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Fig.9 Same figure as Fig. 3 for the result of simultane-
ous estimation of station positions and the bias of
acoustic transducer position.
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Table 4
residual RMS (msec)
X Rb shservation Obse- | Ow/o bias |@corrected w/ | ®simultaneous
period | S/V ducer Osci- epoch observed date | rved correction | mean bias estimation

lator days rate of rate of
change change
Kaiyo MYGI 0210 |2002.10.09-10 2 0.0639 0.0694 8.6%0.0631 -1.3%
1 Meiyo no; MYGI 0305 |2003.5.26-6.4 6 0.0940 0.0953 1.4%0.0928 -1.3%
Kaiyo | old e MYGI 0307 |2003.7.12-17 6 0.0766 0.0746 -2.6% | 0.0738 -3.7%
I Kaiyo MYGI 0404 |2004.4.24-5.7 8 0.0639 0.0620 -3.0% | 0.0612 -4.2%
Meiyo MYGI 0408 |2004.8.19-27 4 0.0642 0.0614 -4.4% | 0.0621  -3.3%
MYGI 0504 |2005.4.22-5.9 6 0.0770 0.0686 -10.9% | 0.0717 -6.9%
MYGI 0506 |2005.6.13-15 3 0.0504 0.0479 -5.0% | 0.0474 -6.0%
m Kaiyo | new used MYGI 0507 |2005.7.1-4 4 0.0737 0. 0690 -6.4% | 0.0684 -7.2%
MYGI 0508 |2005.8.9-14 6 0.0476 0.0453 -4.8% | 0.0460 -3.4%
MYGI 0509 |2005.9.9-18 5 0.0747 0.0699 -6.4%0.0733  -1.9%
MYGI 0510 |2005.10.22-30 6 0.0863 0.0835 -3.2% | 0.0839 -2.8%
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Acoustic phase characteristics and phase centers of the acoustic transducers for seafloor geodetic observation

Masashi MOCHIZUKI*" Yoshitaka NARITA ** Tadashi ISHIKAWA ** Zengo YOSHIDA ™',
Koji KAWAI*®, Hiroshi MATSUSHITA**, Jin’ichi KAWAI*?, Hirokazu FUCHINOUE™’,
Yoshihiro MATSUMOTO*®, Masayuki FUJITA*" and Akira ASADA ™'

Abstract
Institute of Industrial Science, University of Tokyo and Hydrographic and Oceanographic Department, Japan Coast
Guard have been conducting seafloor geodetic observations since 2000. Sufficient observational results to discus
the system and the observational method have been established as we accumulated the experiences of the observa-
tions. Issues and knowledge that we have through the observations should be fed back to the system and further ob-
servation for improvement. One of such issues is one inherent in acoustic transducers for acoustic ranging. Ranging
errors were caused by the operational principles of the transducers and the reference point set on the point at the
top center of the transducers. In order to take measure to this issue, tank tests were conducted to evaluate the rang-
ing characteristic curves of the acoustic transducers. And then the acoustic phase centers of the transducers were
deduced from these curves. The comparison of the acoustic phase centers of two types of the acoustic transducers,
that is, the cylindrical and the spherical curved disk transducers should be needed to retain the continuity of the

long -term seafloor geodetic observation.

1 ELeic H - 0%, 2000, 2001 ; Fujita, 2003 ; Mochizuki
FORURZFEFEHAMBTZERT & i AR T HEEETESR et al, 2003). 2000 4F- 12 e OB % AEEF kL2
i, GPSEEM AN L 2K ETHB  HELZOZEYIZ, BIEE TS, 18 0B
WY AT 2O, TOVATAZFMAL % HAREICFEM o miis 2 Hui I 3E L,
Tolp KRB BINMEOEMEZIT> T&72 (& ZAMHPrSEFNE T2E O RAGIHKHAZE)

tReceived 04 January 2007 ; Accepted 05 February 2007.

%1 EHRUKZAAFEFANFSERT Institute of Industrial Science, University of Tokyo
*2  HLEXHE LRZAL 7" RC.G. Hgs.

%3 il H= Geodesy and Geophysics Office

*4 =X LA 3" R.C.G. Hgs.

*5  Jl=EAMIAE R/VTAKUYO

%6  HEFEIFSESE Ocean Research Laboratory

*7  Fiil - EREE Technology Planning & International Affairs Division



Masashi MOCHIZUKT, Yoshitaka NARITA, Tadashi ISHIKAWA, Zengo YOSHIDA, Koji KAWAI Hiroshi MATSUSHITA, Jin'ichi KAWAL Hirokazu FUCHINOUE, Yoshihiro MATSUMOTO, Masayuki FUJITA, Akira ASADA

BRI T L. COBIMEIZE Y, K
PETLV—FBLTT74)EVlETL— FOLA
AR5 72, BINREEKHSOE %2, K TH
B, SHIL &9 L3 rRAEHIT TV 5.

COBMZRBLTHS THEOBRANE, Bl
WEBOZ NEME T, 7L — MNEEOHE
X7 M VEHEETAHZ &R (Fujita et al., 2006),
WEICHE)ZHZMAT LI LTI LTEY
(Matsumoto et al., 2006), BIATOEIN T 2 T 2 H
ERCH R ol2 YV AT A ERoTWAE I EZRT
HARMEOLN TN 5.

L LZo—7T, BllloklzERLHT, Hl
ETRDOPS LD o2 O Y AT 2 OREM
PHLPICR > TETWA. a2t % HIFS
EHZROERL, FERB cem 25 10cm &vo
7S TIORT 27T L — b OIS 723
ORETHY, TR LEMNEEZDD. Th
2 BAEH O R LA X o> TRl T 5 2 &
#ZZNE, Pt b om At — 5 — ORI KE
PLETHY, 5 L-mELHEL TR
Bl S A7 A TlE, FHNEREZA L S& 5] RelE
DI B MR % MR 2 BIl 28 L TR R L, —
DOFORMLT, BT AT L DOEREEAL, “DE
ILZo T LEDNH L. TADBIEERL,
B - fENT T ETWREERZ ) L LT3,
ZIOLMERD 129, EENTF VAT 2%
DICIRE & OIRE) ¥ O FEIRIFE BT N 9 2 FHIER
HThH5.

KT, TEBEFNI VAT —HITERT A
U OME NIRRT S L L I, Uiy
7eF A O MAIZDONWTHRR S,

2 HEBLVFURAFa—W

BATCIR 2 OB E NI VAT 2 —H 2 58
HEECAH L Twab, 1213k E ITC 48 o P f5
BMNZ AT 2 — % (ITC-3148) T & 5%
(Fig.1). SOOI Y AFa—HiF, ¥4 RHE
THHEN TV RPN S OT, K3 AES)
B AT 2OBELUMEDVHHL TS, Ml
RO Y AF2 =& LTI, 20054FEE LD

Fig.1 Cylindrical acoustic transducer on the seafloor
mirror transponder.
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Fig.2(a) Acoustic pressure phase of the cylindrical
acoustic transducer versus angle 6. (b) 0 is meas-
ured from the axis of the acoustic transducer.
(c) Schematic images of the oscillation mode of the
cylindrical oscillator.
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Fig. 3 Current acoustic transducer employed on the on-
board unit.
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Fig.4 Same as Fig. 2, but for the spherical curved disk

acoustic transducer.
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Fig. 5 A snapshot from the water tank test.

Fig. 6 Schematic image of the ranging procedure in the
water tank.
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Fig.7 Ranging results of the cylindrical (a) and the
spherical curved disk (b) transducers in the tank
test. Ordinate axis indicates ADC samples. Red
crosses and blue open circles correspond to 1* and
2"measurements, respectively, carried out in two
directions which intersect orthogonally. Lines are
quadratic polynomial functions deduced by the
least square method.
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Fig.8(a) Schematic image of the estimation of the
acoustic phase center. The acoustic phase center is
assumed to be at d cm inside from the top and on
the axis of the acoustic transducer. L and 6’ are cal-
culated as d ranges between 1 and 14 cm at inter-
val of 1 cm. The response curves, which were ob-
tained from the tank test, are redrawed based on
the L and ©’. (b) : Redrawed response curves for
the cylindrical acoustic transducer. (c) : Re-
drawed response curves for the spherical curved
disk acoustic transducer.
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Fig.9 Phase response curves for the cylindrical (a) and
the spherical curved disk (b) acoustic transduc-
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range. Black dots indicate ranging results in the
tank test. Black lines are quadratic polynomial
functions deduced by the least square method.
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ranges and angles recalculated based on the as-
sumed phase centers.
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Newly developed methods for SLR observation at Simosato Hydrographic Observatory

Takashi KUROKAWA *', Hiroko FUKURA ™', Yuichi KYUMA*', Hidekazu INOSHIRO™',
Tkuo TANAKA™', Michihiro SUZUKI*', Mitugu NAGAOKA **, Asato EGAWA™*

Abstract
In satellite laser ranging (SLR) observation the distance to an artificial satellite is measured from round-trip travel
time of a laser pulse which is transmitted from the station, reflected at the corner cube reflectors on the surface of
the satellite and then received back at the station. The ranging accuracy depends on how accurately the specific
point of returned pulse is identified. A simple method to identify such a point by detecting the leading edge of a
transmitted and a received pulse has been degrading the ranging accuracy because of 'time walk’ caused by vari-
ation of signal intensity. In order to reduce the time walk, two new techniques were introduced at Simosato Hydro-
graphic Observatory in 2006 . namely, the methods named Triple Threshold Screening (TTS) and Constant Mid
-signal Detection (CMD). The authors intend to verify both of them are effective in improvement of ranging ac-

curacy in this paper. The principle of these techniques and some examples of their effectiveness are given.
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Development of Bias error Correcting Method for Ocean Current Velocity Measured

by Using Electromagnetic Log with Dual -axis Sensors

Tomonori TANAKA

Abstract

The trajectory prediction of drifting matter is always important for rescue operations on the sea. The ocean current

for the prediction is usually observed by ADCP equipped on vessels of Japan Coast Guard. Recently a newly built

high-speed vessel is equipped with an electromagnetic log with dual-axis sensors (EM 2 log) taking the place of

ADCEP, not to spoil its navigational capability. So we were required the evaluation of the ocean current observed by

using EM 2 log and the development of processing methods for it. As the results of sea trials, we found a conspicu-

ous bias error included in measured ocean current velocity. The bias error includes misalignment error and scale er-

ror, which are also contained in the ocean current observed by ship board ADCP. Although the method to reduce

bias error is basically the same with that for ADCP data, dataset for correction of bias error should be prepared for

each vessel in various vessel-speeds. This paper shows a solution method to determine the dataset, named ’Ran-

dom Cruising Method’.
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Fig. 1 Difference between Ocean current components
observed by shipboard ADCPs in several vessel’s
velocity.
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Fig. 2 An example of correction for ocean current veloc-
ity measured by using EM 2 Log. (Upper) non-cor-
rected, (lower) corrected.
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Table 1 Scale factor in several E: vessel’s velocity.

Welooty

Date ~~10kzot 10~20kmat 20~-30kmat 30-—40kmat
05.12.01 0.090 F0011 34| 1012 Fo0007 o - -
05.12.08 — 0998 T0.006 (1) = =
06 105,30 - - 1023 0036 (6 =
060529 = = — 1.008 0005 G4
050974 — — 1032 0004 (R =

Table 2 Same as Table 1, but for E2’ s vessel.

Do Felocity ~10kmat 10~20knot 20~ 30kmat
06.07.15 - 0975 +0014  (55) =
060716 — 0887 _+0012 (300 0054 +0008 (13
0R.O7.17 - 0887 +0009 42 -
0A.11.06 — — 0054 *0014 (260
0f.11.08 001k T0.016 @ = =
01110 = 0080 T0006  (a07] 0080 F 0008 20

Table 3 Misalignment factor (degree) in several E; vessel’s velocity.

Teloaty

Date ~10kmot 1020kt 20~~30kmot J0—40 kot
05.12.01 Z2hh 050 )] 289 0,38 i13) - -
05.12.08 — 214 0435 14) - -

06 .05.30 — — 0.74 *0.36 (6] -
05 0525 — — — 0.8 +0h2 (T4
050924 — — 1.lg +0.22 )] -

Table 4 Same as Table 3, but for E;’ s vessel.

Dare Velodity 1 Dkt 1020kt 90— 30kmint
05.07.15 = 3.2 +0.588 (55) -

05,0716 — =347 *+0K51 &0 205 +083 00D
050717 — 3584 1.2 42 -
05.11.08 — — =516 0,07  (2A)
05.11.08 5.4 +0.73 i) = =
05.11.10 — =08 073 Em] 208 045 020

3.2.3 EM2ifEit e ADCP i & o Mg

E 31, E. i & Fl—g 2 Moz ) o
NS W THUEBIM L 72 ADCP #i:it & % k3
5. 3.2.2 (1) TRLAZELBYE#RIZ
2005 4E 12 H 25 2006 4 6 H £ TD 4 H H, E.
MEAEIE 2006 4F 11 H 6 HICBII L T 5.

ADCP {5 B & B s, E. W &
OBROETV (A) X, FhEhy=-0.02+x
=0.01%, y=—0.05+x-0.01x & 72572

x: DR - CRO 22 % HUY B 72 B i
TR, B R % & ADCP #EE B 55 & D7D
S & O AR 2= % Table 5, 612, o B4R
% Fig.3, 412787, Fig.3, 4 Ot ADCP il
TG, BRI B R UL B R & 2

LTBY, FAOMFFIZ 3.1.1 12825, Ta
ble 5, 6 DIEIMADETIIEZ RDIzRT Ko &k
LTw5. fHL, fifi# 20~30knot fit & KF & E,
GBI S LTV e,

Table 5 @ E, i D ¥4, ADCP )% o7 & O
HRRDIRT BB A& I EOFH DM
SHEATR Z 0 2s, X7EH» 9 LLEER SN TW S
A IR T E I b 53/ v, —T,
Table 6 O E, il DY, ADCP it & O 7%
RO IZRT BB NZD b5, EOFY
DR DK Z .

Fig.3, 4 2° 5, ADCP i & O ks B4R & £
TAHBAREIL, E RO EITMEICEHDL ST
0.84 L EERZVDIZH LT, E: i idAnE 10
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Table 5 Differences between ADCP’s and E:1’ s ocean current components in several vessel’s velocity (knot).

\\\\\¥e¥“jty ~10knot 10~20knot 30~40knot (total)
ocean currt
0~0.5knot 0.08 =£0.17 27 0.02 £0.21 (105)| 0.37 *£0.15 (2) 0.04 +0.20 (134)
0.5~1knot -0.04 *0.13 27 | -0.02 %0.23 (18) 0.15 - (1) -0.03 =*£0.18 (46)
1~1.5knot 0.17 =£0.11 (5) 0.19 - (1) 0.02 £0.32 9) 0.08 £0.26 (15)
1.5~2knot | —-0.02 *+0.05 @ | - - o | - - 0) | -0.02 £0.05 (3)
(total) 0.03 +0.16 (62) | 0.01 *0.21 (124)] 0.09 *+0.31 (12) | 0.02 *=0.20 (198)
Table 6 Same as Table 5, but for E;" s ocean current component.
velocity — - —
ocean curfent 0~10knot 10~20knot 20~30knot (total)
0~0.5knot 0.26 £0.16 (18) 0.12 £0.37 (10) 0.06 £0.42 (2) 0.11 =*=0.38 (30)
0.5~ 1knot 0.20 £0.20 (24) | 0.25 +£0.29 (12) | 0.06 *+0.41 (2) 0.11 £0.38 (38)
1~1.5knot 0.30 *=0.16 (50) | 0.32 *=0.04 (56) | -0.21 *£0.27 (18) | -0.12 *=0.32 (124)
(total) 0.24 =£0.18 (92) 0.16 =0.34 (78) 0.02 =*=0.41 (22) 0.03 *=0.29 (192)
2F .
O] ® 0~10knot r=0.96 S [® 0~10knot r=0.96
Q “10~20knot r=0.84 o o N XX 10~20knot r=0.52
g A30~40knot r=0.92 = # 20~30knot r=0.72
| @]
] 1 —
= s * otey ¢ o
:-? 8 1 o 008 °30¢, 00
@ = * . o”o’ ¢
E" g * ...’ * *
2 : . A
5 g ’9 %0%"‘:‘.’:}0 *lee
8 X Xe % (0] % L4 ‘.00%50 %00 )&9??\’
= @ X % Ymge PR N
o -1 2t = o sl o T3
=4 WA A0 — }& *
o S
=
T >
- -2k . . L L O -lL i i ;
s - -1 0 ] knot 9 @) -1 0 1 knot 2
=5 Ocean current component of E1 v Ocean current component of E2

Fig. 3 Correlation between ADCP’s and E:’ s ocean cur-
rent component.
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Fig. 4 Same as Fig. 3, but for E:’ s ocean current compo-
nent.
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Fig.5 Relation between vessel’s velocities of bow-stern
(S:”) and port-starboard (S;") measured by using
EM 2 Log.
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Table 7 Computed k and 0, which made a point of cor-
rection of port-starboard (S,”).

Date | Ohz. Na i g
1218 1 - -
126 1H Z h.20h | 77.8
1268 1H 3 - -
1218 4 - -
126 1H b 1.813 | 22.4
12615 B[ 1.ERe] 215 |

-] BErsREalan o EF:T
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Fig. 6 Bias error on bow-stern (8x) and port-starboard

(8») ocean current velocity of measured by using
E/"s EM 2 Log.
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Fig. 8 Same as Fig.5, but for corrected vessel’s veloc-

ity.
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Table 8 Same as Table 5, but for corrected by using 'Random Cruising Method’.

M;gﬁﬁgz ~ 10knot 10~20knot 30~40knot (total)
0~0.5knot 0.04 *=0.15 @n -0.04 +0.18 (105)| 0.16 *+0.30 (2) -0.02 +0.18 (134
0.5~1knot -0.16 *=0.21 @n -0.04 =*=0.31 (18) 0.31 - (1) -0.10 =£0.26 (46)
1~1.5knot 0.28 =£0.09 (5) 0.45 - (0 0.02 £0.44 9) 0.14 £0.37 (15)
1.5~2knot -0.09 *0.19 (3) - - (0) - - (0) -0.09 =£0.19 3)

(total) -0.03 £0.22 (62) -0.04 *+0.21 (124)] 0.07 =%0.39 (12) -0.03 £0.23 (198)
Table 9 Same as Table 6, but for corrected by using 'Random Cruising Method’.
“—-velocity ~ 10knot 10~20knot 20~ 30knot (total)

ocean Curt
0~0.5knot 0.13 *0.15 (18) 0.05 *0.29 (54) 0.03 £0.37 (20) 0.06 *£0.29 (92)
0.5~1knot 0.05 £0.14 (10) 0.09 =£0.30 (56) | -0.22 +0.25 (12) 0.04 +0.29 (78)

1~1.5knot 0.13 *=0.11 2) 0.02 +0.25 (10) | -0.29 =£0.16 (10) -0.11 =%=0.26 (22)
(total) 0.10 £0.15 (30) | 0.06 *£0.29 (120)|-0.12 +0.32 (42) 0.03 £0.29 (192)
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Fig.9 Same as Fig. 3, but for corrected by using 'Ran-

dom Cruising Method’.
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Fig. 10 Same as Fig. 4, but for corrected by using 'Ran-
dom Cruising Method’.

2 WEERE T 2 L CBL S B IS R
TERWNA T RARER T, W T ARERE
GREBERE LT, FHIS %05 KMHED N A T
AR D D .

X IKARIE D INA T A GRFEAHIE D 72 0 DFREI,
A Th 5 ADCP Z flilH L C Ol i Bl TR %
ENTOLAMEBINC X 2 B THERT L2 &
T&%. LH»L, ADCP Ol Tix Z OREAR
HICEHDOLT LD LT, 2HMERHD 7D
T 2 ORBAME IS U TELT 5. 2h
(& 2 EEEME T 7 &2 SRS IOD AT 7o 1R 1292 LT
W5, WKMEOTEDORFIZLLEDTHA.

CORBEHENT A0, EREEZ
1EBL 2 2 WIS S ERS 5 L EH B 05, 4
F7 IR ORI B S R OfF 2 5 T iZ#E L
V. ZO7o, FEBINIES 2 WRBOEI
Bk g vy afiEihe LCTIREL. T2k D
2 TR T 2 2l 3 % g B o 92 AL A3 ] e
E 5.

MEHEC BT 5 RGO —RIKETH %
A3, BT O DSBISGZHAE T 5 F TOMOEG
FREFHE IR OKEHEAMEN SN 5. Katl
WIERHMAHEITHEL T 5 L Z Bl S
LML GEND. MEAMEHREZ T T 2% <
ERERHIZ S HED S LW AN T & 2 HF&RITKR
X\,



Development of Bias error Correcting Method for Ocean Current Velocity Measured by Using Electromagnetic Log with Dual - axis Sensors

SHOWY AL LT, 2B 72/ L
fﬁﬂ?éﬁﬁ@é%&éﬂ%ﬁﬁﬁﬁb GPS
3 YA DEARHHIIIE U TELT 5354 7 A
m%ﬁmmtbmﬁﬁ%~5_ﬁéﬂbﬁ&#%
5.

RIS, EHOEGE DS E ST RS
CHZ L?’:.

RFGHED 2D T L2287 — 1%, 47
FE O 2 SR T 7 #5804, ADCP ##Ut o Bl
CEX5b0TY.

MR O TR 2K, RIRFHIK, HEA
BIC, BHTE TSRS o KRR BRI IE B
SRERORMEETHE E L.

FAEH L E 7.

L3 =1

i AR T TR ICB W T AR AR L 72
FRICER P Z 92 L T b, SR FHNISAT K
U D% < 13 ADCP % ¥ 3k L 72 i fin Bl 3
NTWB A, KREHRO LIS D 72812 ADCP

WD IR BINESR L E L 2D, 2 ER D

TN K B Bl 2 MEr L7z, AR, 2 iiEm e
ORI & ) AEE T OFED S L\l A58l
TELZ LW holz. EHIT, HHFETHIHE
RELZIEMEFOHEOWBREBINTE 52 L2350
o7z,

2EHFERE T 7 X B g i, ADCPIZ X %
MBI & FRRICNA 7 AREDOHIIEDREETH
L. 2L, 2HEMHT Z7O/HTIEIANA 7 AR
R MRS B 720 OARFUIARE IS U TEILT
5. REBER OO0 OB 2 5% < EMid 5
VDB A, ZIUIHE TR,

D7D, WA T ARERMIES 7DD
BHBEE LTI vy AR EREL.

ZE R
AHERE (2006), AR 3 ¥ — 4 X ADCP
DM T AR A & MR, T RSB E R
#, 42, 61-87.

Joyce, T.M. (1989),
board ADCPs, J. Atmos. Oceanic Tech., 6, 169
- 172.

KT (1999), EEBLIITE ST

Tz, 2FeEtEaT (2001), AR ADCP
W7 — 5 Of Y BAERMIEICO\WT, KEESEHE
#, 19, 77 - 80.

Pollard, R. and J. Read (1989),A method for cali-

brating shipmounted acoustic Doppler profil-

On in situ “calibration” of ship-

ers and the limitations of gyro compasses, J.
Atmos. Oceanic Tech., 6, 859-865.



—— HRFICHTAMVwEDbEE ——

T104-0045
AR X S5 T H 3% 15

U b ORI R I R By - RS IR 7 5
PRI BT 78 e 24

WG 03-3541-4387, FAX 03-3541-3870

SR 194E3 H 28 H 384T

FATH b PR T Y 1 G
F AR X S5 ] H 3% 15

(BAE 5 104-0045)

Ak 03-3541-3811(1%)

e MG Te S W R R B &
FRHR X S5 T H 3% 15

(B fE 5 104-0045)

WA 03-3541-4387

EIRIAT P R E R R 234t
FER S X FitG 5-8-4 YEHEV6F
WEH5  105-0004
i 03-3437-6365

AR GABIDFEY O WEMT L - B 2 2§



REPORT
OF
HYDROGRAPHIC aND OCEANOGRAPHIC
RESEARCHES

No. 43
March 2007
CONTENTS
1. BEXAPSHEBMEICH, T TORREEREER 1
B o= LTI/ g1 L P othE —
Admiralty Charts for Adjacent Seas of Japan in the last Days of Tokugawa Regime
and early in Melji Era ....................................................................................... Siniti Kjkuti
2. BEMBEHHRACETI2FEINI AT 2 —YBO/NA 7 XBEDHETE 17

.......................................................................................... BABR®E . A)lEs - ERAES
Bias estimation of acoustic transducer position for seafloor geodetic observation

...................................................... Yoshihiro Matsumoto,Tadashi Ishikawa and Masayuki Fu_]lta

3. BRMBREBHEAAFTE NS> AT 12— OFEMCAEN & FELEFO 29
.............................. SRGE BREZXZ . A)IESE  c TEHEE - TART - BTE - JIIHC— -
M2 LAERD - AR RE - AR - XHE
Acoustic phase characteristics and phase centers of the acoustic transducers
for seafloor geodetic observation
------------------- Masashi MOCHIZUKI, Yoshitaka NARITA, Tadashi ISHIKAWA, Zengo YOSHIDA,
Koji KAWAL Hiroshi MATSUSHITA, Jinichi KAWAL, Hirokazu FUCHINOUE,
Yoshihiro MATSUMOTO, Masayuki FUJITA and Akira ASADA

4. TESLRBRAOHFE 37
--------------- FET - BRIEF - ABH— - HBFHF— - BHHS - #HKKE - KA # - TATHR
Newly developed methods for SLR observation at Simosato Hydrographic Observatory
------------------------- Takashi KUROKAWA, Hiroko FUKURA, Yuichi KYUMA, Hidekazu INOSHIRO,
Ikuo TANAKA, Michihiro SUZUKI, Mitugu NAGAOKA and Asato EGAWA

5. 2 MBHOJEFERATIERBAICE T INATIBEDRFIETE e He &R 45
Development of Bias error Correcting Method for Ocean Current Velocity Measured
by Using Electromagnetic Log with Dual-axis Sensors «++++sssseeseereereaneaneanianeass Tomonori TANAKA
JAPAN COAST GUARD
TOKYO, JAPAN

Older issues : http : //www 1.kaiho.mlit.go.jp/



	01
	02
	03
	04
	05

