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Abstract: The invention and development of the Shipboard Three Component Magnetometer
(STCM) has successfully provided geomagnetic field vector data from many areas of the oceans.
However, the STCM suffers from several types of noise problems. Here we present 2 cases of marine
geomagnetic vector anomaly measurement from cruises of the R/V Hakurei-maru. The viscous
remanent magnetization of the ship has a more serious influence on the 12 constants of the ship’s induced
and permanent magnetic moment than that of the ship’s attitude data. The intensity of spatial differen-
tial vectors (ISDV) exhibits a peak at the boundary of magnetic structures. Compared with the gradient
of total intensity anomalies, the difference from the ISDV peak pattern gives an estimate of the

direction of the magnetization.
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BIFE SN T &7z (Isezaki, 1986). BIEIIET AL
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5 Wz i Yamazaki ef al., 1994),
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EREED DD HBH, KE MmN —7 L @D
MR > T w3, FlziE, STCMOBERYHH 5,
B o NI HREKEAMED SFHE I N 2RIE L 7 a
N UREHEFCREBRCHEIE S W2 EDORI TR, Su
77 ANOBIEE—ET L, FEZODOREREE
NTOERDIHZEDDB I LBERIN TV (s
ezaki, 1986). ZDEEE L THEAMEDME X DLEED
HERBESIEC > TSk, ek TREBEDY
YA RAVNABERL, T—FOHEZALEE TS
DD, BRRRBERICIZE> Twuhwn, Z07RD, &
D& 25 PIHIEK S OMSHE A AT I, EEE
OBEOHNEED &2 W BHENE L {Thbh T
% (M ziE¥Seama et al., 1993),
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72 & TNZ19924F & 19934FE D K RERAR1 5B A% _E Rt
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Fig. 1 Block diagram of a three component
magnetometer system equipped on-board the

R/V Hakurei~-maru.
After Yamazaki et af, (1994)

it (NH92-1, NH93-1) kU s clEaniz7s
— % (FRBL- W6, 1992 FHRF, 1993 FHF - LA,
1994) EHWT, BEY AT AOMERERI L TS,
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F i (F7F7F 27 =»#SFG1211) 13Fig. LiaRTHEEL
Ths, BEervr—i3, BWIRER L3O 7
ATFET S5y 7 AT — ey —a A, FERERCE

FES 2mOTREOTVIBEF—LARIZ, FATH
WEAA (h), B (s), vr¥—F—ADKFHIZ
ST ZRETH (V) OHBR=EEI 2 ET 2 L5
REENTWS, P —ARNCEREEL P —HRE
AINTn3,

ayrua—VEIEI6E Yy P DA/DEFEEREL (&
#REESNT/LSB), 8HzTH >V v /55, WEHAL
i, BEILOTY v VEHOY v 4 a8k (RS
v7 v 7 CMZ300X ; BREREE0.1) Lharru—n
ERIZER D AA (P4 v S ADERERME, HERE
A, EvFuo—nlOT —F ZMNOMEEDRIC
RE LI ARPERGH (ZE)IESR TATITENL | AR50
fEEE0.01°, MHEAEEHFH20) IVRDVAATWHS, Z
nedy SHzTH XY v r7ans, fERUHREE,
GPS - LORAN —C - NNSSHE A H L ¥ X 7 A&

(Magnavox Series 5000) OEMEEZEDAA TS,
ZLTC BT - 37— IERcAVTWwE XY a v
OWEEF2FALTWw3S, S§Hzy 7V v 7L
— BT — T AT —Y g UNEEEL, FIT1REHE
PEEUBITICHWTW S,

3. MMARESAIE

i EHIRER ZRAREIE (STCM) & > T BT
BEE N3RS (Hob) AR OEENEEN
T3, 4, MEESIIMEOFERLABERT 3 X
3 DITFIA L kKA LB R T~ MVHpTRIE NS
EznE, BECHAS 28 (Hob) & %D
RO (F) LOBRRBRO LSRRI D
(Isezaki, 1986),

Hob=ARPYF+Hp 1)
BRERLS (Hob) 1, fin LEEEEOME AL (h),
B (s), WKy —OKFEIZNT 28HETH
(V) DEFREXZESTHONTVWEDT, MED
vy F (6p), w— (6r), MEHFAL (6g) EAWVT,

B2l MEREE (x, ¥,

z) LMREEEE (h, s, v) OBMR

68, 4P, rix, MEHu, EvF, T VEERT,

Fig. 2 The fixed earth coordinate system (x, y, z) and the

fixed ship coordinate system (h, s, v).
6g, 6p and fr are yaw, pitch and roll angles, respectively.
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HBREEE ORI (x), B (V), $hiETH (z) ©
EFREX =R OHEE=HoERmT 2 (Fig. 2),
ZZTR, P, YxzhZTnMEoa—n, €5, ff
AT 2 EETHITH D, Licdd> T, M
SIRE DA L Hppg s iz, koo —u, ¥y F,
MEFNEZHIETS 2Ly, BIERS (Hob) X
DHEREES (F) 20BETCE 5,

AR 2 ER T 5 A HpD 12O RENL, [ 8 DF
] EFEN T BHESRRZIT> TR 5. B
WiE, 360° DAL FEEOMERI % 1 H35 2T
W, RDOF 2 LTHEE N R, P, Y, Hob
hoR/INZREETRD SN, BABBTE, [8DE]
DD E O EBEE®EE (IGRF: International
Geomagnetic Reference Feild; JAGA Division V,
Working Group 8, 1991) OETRAIN S Z L»B%
v,
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Fig. 3 Location of ‘figure 8, showing ship’s steerings
during cruise.
(a) GH91 and NH91-1, (b) NH92-1.

B7:H0 [ 8 DFEMFE 13, AERENR LR —ERLE
3 XD WAEREE AREZ3607F D 1 ETY, EEH
750mD M 2 D 2 EE18.5km/h (10kt) THiFEL T
w5, 2T, BEESEEIRERE—ETHS L
RET S, Fiz, [ 8 DFHE] T, MEIZIZIZAFE
HLEZEERT 20T, HHEKOHRERD (V) Zhrrbd
BEERET 27201213, MBS RIOKRE IDRER
3L 2B TEEEOD [ 8 DEHE] 21745 LEND S
(Isezaki, 1986). [ 8 DEMiAE] 21T 5 B D H M
X, BENLOBE, METIEST>T—F2ELTA
EHpZR®D, Pwicnufiiz X d RfEicikoT& o1k
BB, LW FENESNTWS, FERICHRE 4 H
BLETH B Z EBE0,
EROMWAESREOREICIZ, SH, 3> 7Y 7D
7 -y Tl I EEEZFERL, Q)OGS
F= (F,, F,, F,) &, [8 ®F] Ol EDIGRFD
ExFV%, BEAREEF XS & RIRCBUE S 15 iRk
DE v F, u—, MEFHFMCHIET % BETHIR,
P, Y2HWT, (x, Vv, z) OHMIKEE»S (h,
S, V) DM EEEANBEEEBREITRE S (Fuw=
RPYFy,,). &S BHNITH 205, BERESHob=
(Hh, Hs, Hv) &, FEH{tE2EDLT 3 X 3 D75
A=(ay) &, KABi{E~Z v v Hp= (Hph, Hps,
Hpv) AW TR ERSBECEEEHT &
Hh;=a;, * Fh; +a,, * Fs;+a;; % Fv;+Hph
Hs;=a,, * Fh;+a,, % Fs;+a,, % Fv,+Hps

F£15% GHO¥E, NHII- 1 #ig, NHI2- 1 fifg =X

® & W AR AREL
Table. 1 12 constants of GH91, NH91-1, and NH92-1
cruises.

GHYL NHO1-1 NH§2-1
all  [0.9957 0. 9960 0. 9925
al  [-0.0224 -0, 0227 -0. 0122
ald (0. 0848 0.0738 0.0723
a2l [0, 0130 0. 0117 0.0020
all |0.7297 0. 7292 0.7276
ald  |0.0048 0. 0117 -0. 0080
adl |0.0686 0.0669 0. 0750
a3l |-0. 0146 -0, 0129 -0. 0234
a3d 1. 0373 1. 0300 1. 0478
Hph |3912 3945 4086
Hps |-5380 -54 14 -3395
Hpv 11793 1754 2249
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Hv,=as; % Fh;+as, % Fs;+a,; %* Fv,+Hpv

L%, 2T, BEE TR o7 [ 8 OFHiE] O&
FT—IRELDHT, KB4 OOREE2R/N_FET
B, ZOEDS bVEDICIED 28 (as, Az asis
asp, Azs) & K AREIL X727 b NV E 4 (Hph, Hps,
Hpv) I T70 %872 & E DS EIMOEB IR T
R&L, EIFTRERLR D, KR E+5EL
LTWwaDixdl, VESDEWKENSWI LIk
5,

BHEALOGHI ¥ T, Fig. 3alamd ko, [8
DFEME] 21T 572 Dixghdlcl ¥ gh9lc2d 2 HTH
39, ERZTRbhizNHIL-10fE cfikbhniz 7
E4SD [ 8 DFEMAE] 77— (LF, 1992) 2Nz T,
INARESRB 2 ETE U7z, %7, NHO2-1fi#ETIX [8
DFMHAE] 1Znh92c1d 5nh92cl4 % TFig. 3bicR LTz
BT Rbilz, 2heDT —% 5 63RD 7= MniERib
&% Table. 1WZRT,

2B, FlziE 8 0EMAE] ghdlcld T —F 12
2T, Table. LizR LU 7212 DM EEEIRE ® B v
T, BRSO MBS HEIEE P =A"(Hob—
Hp)) 258 L7 L 23, YIOWRKE L RS
(Fasv) EDEEPEDVREL, WEnTE R 572, %
7z, P-FOEZESECHEFCELT>ay L
7zbD%Fig. 4Rz, BER—-ERxsd, i
BAMEAEENRZ 3, wTFhiew Xk, Ro12ED
BB EL MBEKERRL T Wn I L8005
7z,

42 [8FHE] OEERG  NEICBET HEE

BIfficlR~Iz &k i, [ 8 DFEMFE] 7T—F 2 o5&/
ZIREBI & o TR M EEEARE (A, Hp) &, ¥
R EIEL L EHL Ty, ZOEZDQERIZDW
Tk, (VEHBEHHE, QFEERIBOEE, CRMERER
1, D3oB8hFons, EBIZIEZhZhEH
bOEOTVREHDEEZEZTVWENIEFBICEEL TA
5,

4.2.1 ZEBGE

oz, LEFHRAOMBE Iz OWTIE, Fig. 4z bR
N2 L5, HMRIEDRE LMEAMICHEERD S 2 &
o, WEOEH L FMOHET —5 CiFERI L E
EEEleLTuwinwEEZ oNT &7, Kitahara et
al. (1993) T EFTARF I EF LT O HRBAOHi¥E T
[ 8 DFEMiE| 2iTkol- L&, MEHAL, ¥vF, 0
— %k, BENLEFASOBELFEOY v A na XX
(NFRBREREE0.1) THIEL T —% L HEMICER
ENTVIEBRBEDOY v A4 03 Y YA (DNFBRERBE
0.01) THIEL/:T—F W AERAL T, HELH
BERERRME & AT Do R HERGRE & D= R L
Jo. TORER, BREOYyfaav 2057 —4% 2H
WieB A I EERETF & BSOS IEER O
EDEDEEODERPRY /NS ERREL TS,
Flz, HENLTY LIE - B (1996) 3ib¥sEvh /¥
B TTbi-GHSHEIZ BT, MEFMEHIET 2

VA may SAFHET, KPESFHEREED S O
(AFRTFERE0.0L) EERE DO b O (AFRo M
0.0055°, 57— E#H20msec) #ZFNFNHEAL CILHE
EERDOT —F DOV THE U & 25, WMEADENR &
HIEEOEFEOMHENRREL BRolZ L BHREL T 1S,
LaLads, BERRONTHER L L TS
EROHIER ZEMEIC TR E REENSEN TN S,
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Fig. 4 Differences between IGRF and geomagnetic

vector after ‘figure 8 compensation.
Horizontal axis indicates yawing angle. dFx, dFy and dFz
indicate north, east and down components, respectively.
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#®5K8 GHIED 1EED [ 8 DFME] 7—F D
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D 1BEIC X 3 hEkay, sESO#EOZEL
(dFh, dFs) OFEb#R,

Fig. 5 Comparison of the magnetic variation of mea-
sured field (dHh, dHs) with calculated field
(dFh, dFs) by attitude of the ship.

[8 DFEMAE] hOBHEE (Hh, Hs, Hv) OZ
b1z, SRS —E L W IRED b & TRAEROLES
OO HIT L B, %2 TFig. 4X Fikizgh9lcld 7
— & HlicETd 5,

29, [8DF] OFLAEADIGRFOfE (Fx, Fy,
Fz) 2 EBROEBOT — 5 2H o> THEEE (Fh,
Fs, Fv) W&+ 2, ZZTFhtFsp 1 BEE
(dFh, dFs) & EBROBHOBEIEMETH 2Hhe HsD
1 BEE (dHh, dHs) ®HEL TA7 (Fig. 5).
XTI EEIERWHD OLEEED S 2 07T —5 2R L
1288, FiRGERELR W I s, HIEINIMED
BT — 5 ZEBOMEBDOERE(REL S RHTET
wineiEZzohs, gEALTERY YT Y 7HERR
125msTh 228, Vv, KELRBS, et —
ORI THE BRI ORI LT, 207082
iZ, MEOoo =Y v 7 I CE LT 5 &, 50

msecDRFZIT N0 DL FABRE TR >TLED, Z
X, Korenaga (1995)DRMED DIz ki, 25,000
nTOREET % 5 1IX4nTORSMEDEZ L LTHDLR
3, Lad, WEORENIEN» o8BS ORISEL -
TWBDT, FERINC/ 4 X ONBEZEL <, HER
HRBPHETIDIIRETH B,

Wiz, BBOBEEDEE I TEOREOHSHEDE
ZWR D OPRBS T BB LT E R T o7, B
BT IE, % 3E¥EREESFo, (EMAERSBRE (Ao,
Hpo), [TEL V] &85 — % OEERTTY) (RPY) 23
EFTB, FLT[ELW B8 T —% OREEKTY]
(RPY), H#ERIBE Fo, X N HEMEBE IR
(Ao, Hpo) » & {RFEE H & Hob’= Ao (RPY) Fo+
Hpo%®5t&E 3 2. 22T, RKENZ [8 OFiiE]
F—yBEL I LD, R [BEAD] BT -5
DOEETTH] (RPY) '2IEB7:0i2, MyEHMcix—1°
D5 1OEHOELLE, v F Lo —NiZidES R
DO—0.1"»50.1"Z TOEEEMNZ 72, HENLDESE,
FERENCHE HOBRERE 1CRNEF>Twa I &
BHIGNTWBDT, ZHREBOEHERN EOEE LR
TRRREWETH S, 251K, FESRRAEHD
L [EEAD | 87— 0EEETs] (RPY) 2o

®ok NH2-1fEcHE s UED [ 8 DFMHE]

D5 4 BT O T ARERAREL
Ai1+2+3+4, B:7+8+9+10, ¢ 111+12+13+
14, DI 1+6+11+14,

Table. 2 12 constants obtained from 4 ‘figure 8’ ship’s

steerings of NH92-1 cruises.
A:1+2+3+4, B: 74849410, c: 11+12+13+14, D: 1+6+
11+14.

all [0, 9942 0.9931 0.993% 0.9906
al2d  }-0.0125 -0, 0119 j-0.0113  |-0.0120
ald 0.0596 0.0776 0. 0764 0. 0750
aZl |0.0036 0.0029 |0.0017 0.0035
a2 |0.7279 0. 7296 0.7295 0. 7266
a2d -0, 0331 [0.0084 -0, 0666 [-0. 0000
a3l [0.0728 0. 0744 0.0737 0. 0736
a3d |-0,0228 |-0.0239 |-0.0245 |-0.0243
add |1, 0557 1. 0222 1. 0233 1, 0468

Hph 4189 3987 3990 4040
Hps |-3440 -3 -2494 -3497
Hpv 2490 1112 2613 2397
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T, B/INIFER & - TIREESARE (A, Hp) %5t
Bl &5, ZZTRELMEBESKRE (A,
Hp) & [BEAY | %87 —5 OEEESTS] (RPY) %
o TREEBEHD O M EBREFHEME F=A"
(Hob’'—Hp)) ZEHE L. ZOWEBF & RS Fo%
HET % &, BFROEBEOHEBE TREENTOZERD % 3,
SREHCTIE, BLE2nTUhESEbNLE - T
(R - (LB, 1994). Z 2oLl E L 7254
X, BBOBEZOFERIHZVRE{HDLRY, HED
F—F RO 3 LS HEAEOMEREHEED 8
DFfiE] THRET HEEFECHNT2HEnTOIXSD
XFHHATE LW BT,

4.2.2 HMERHE

FERQ)E L Th TS [ 8 DF] OFLED
IGRFOEERE L TWARBEICDWTIE, HEHIZER
DREBZIGRF & 13582 133 Th 205, [ 8 DFME]
21T 0 RGOSR BRIRICE  RurE D, X(1)
D TEKARALRZ v v (Hp) LD Fsn37:0,
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B/NZRE TR MERIREE AW T, £/
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A:1+2+3+4, B:7+84+9+10, ¢ :11+12+13+
14, D:1+6+11+14, E:€5F—%, Tpix7 v b »HAE
THES NIz & EERT.

Fig. 6 Differences between total force calculated from
geomagnetic vector using 12 constants obtained
from 4 ‘figure & ship’s steerings. Sample data
come from No. 7 ‘figure & ship’s steerings.
Constants set, A is obtained from No. 1, No. 2, No. 3, and
No. 4; B is from No. 7, No. 8, No. 9, and No. 10; C is from
No. 11, No. 12, No. 13, and No. 14; D is from No. 1, No. 6,
No. 11, and No. 14, and E is from all data. The straight line
indicates the value observed by Proton Precession
Magnetometer .

XFLEAEE IR RS ot @GR
I&, 1994).

4.2.3 FMERERAE

ERG) OB E AL ORIE X, Yamazaki ef al.
(1994) THEFEINTWB L5, BIE, Isezaki (1986)
W U725 TIRIRRER D K ARG bR M —ETH S L L
T, BB E> TR E2T> T 508, EEOMEITRE
WERERED X 5%, RADTERERIN TR, ik
BALDOBZLOEENKRE W ETFRE NS, BLOR
BZEOBES R 57-9i1c, NH2- 1 #idg c&sH14E
1Toni: [8D=FEMFEI OT—% v v b, BEOCE
BRLE: SN TW3 4 ESTOHAEGHLE T 4EED
RS RECRETE Lz, & [ 8 OFEMNE] OMER
Fig. 2bic®kLTH 228, BFIZESIECHEHEIZTbHNT
B, nh92cl & nh92c14DRERTZE 3FI42HH 5. [8 D
FHiEl OAEbEIE, A (nh92c1+nh92c2+nh92
c3+nh92c4), B (nh92c7+nh92c8+nh92c9+nh92
cl10), C (nh92c11+nh92c12+nh92c13+nh92cl4),
D (nh92c1+nh92c6+nh92c11+nh92cl4) & L, £ 5
— IS ROIBBOMEE L35, BARNRRE
Table. 2R L7228, HHESHfHELR X5, ZO&HE
S5HOBEEE AW T, nh2c/BMThh 3 ERCES N
7oAt E E OB EE (Hob) » 5% (Fx, Fy,
Fz) %#RK®, @WEIcERL &L (Fig. 6).
7u b RESIEFOEIEE (PPM) EHIEVWOIEBO
REERWIBET, TREEEICHY: 8 OFEM
Fl BTG LYV PV F—F LB BT,
HICELBVIEIKREVDIZAT, ZITRYYIVT—
BB I NBENCTbN: [ 8 DFMiE] DA
TREDSHEINTWS, Thid, $EERERbOES
BEZNZ, VN7 — 5 PEIE S NI EEOMEREL
MNEOFMERELES>TWB-DEERTE S, ERT
NTD [8DFMFE] 77— 2HVTVWEDT, Al
{, DY INT =y RE%RT — 5 OBENFH DT
BIZITWDTHA S, 2D, BIREOEIZEMEICIZAD
BEERCLZONRL, BFEIBELECORKERAN
370 b VRN L A EHIEE DEPINE D
Db Lz, ZOM» 5, MEORMEIZ—E Tk
Wie iz, fidEhowo, 2T, [ 8 OFEME] 21T
5d, LI L BIMERESREROFEICRE (BE
TEIERSPD, LHLEIES, B LOES
COWTRERTbhbroTHwRNDT, D2 TN
W L CRERNEDMENE AT DR VLS
2, 5RE%L T8 OFH&E] 2172388 0NET
»5,

5. AfRIcE 57 A b AR OLBHERE

0 XS TMEBERBOEERZE L FERIZV AW
ZrEZONDYD, BERPSALE X OMEEKREE
Fo Tz ZRMEREL, v VRN TE
5 N7 REIE & HBIRETT 3.
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fields (Tf) and that measured by the proton
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(a) Location of line t112, whose direction is
NNE, and ‘figure 8’ ship’s steerings points. The
hatched area indicates the location of the mag-
netic anomaly map for Fig. 14. (b) Compari-
son of Tf with Tp. Tf are the total force
magnetic anomalies calculated by three compo-
nent anomalies, and Tp are the anomalies
obtained by the proton precession
magnetometer. Horizontal axis indicates lati-
tude data of the observed points.
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Fig. 9 x-, y-, z-components and total force anomaly
profiles, at 1 minute intervals along line t112.
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Fig. 10 Total force magnetic anomaly profiles along
175°E. Tf is the anomaly calculated by three
component anomalies, and Tp is the anomaly
obtained by proton precession magnetometer.

Horizontal axis indicate latitude.
(a) 0.5° N-2.5°N, (b) 38.5° N-40°N.
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Fig. 11 Magnetic anomaly profiles along 175°E, from 0°
30°'N to 2°30’N.
(a) x-component, (b) y-component, (c) z-component, and

(d) total force magnetic anomaly measured by proton preces-
sion magnetometer. Horizontal axis indicates time.
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Fig. 12 Magnetic profiles and ship’s attitude variation
at 1 sec intervals along line t112.
(a) x-component, (b) y-component, (c) z-component, (d)
total force calculated by three components, (e) pitching, (f)
rolling, (g) yawing.
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The intensity of spatial differential vectors
(ISDV) and the gradient of total force aomalies
obtained by proton precession magnetometer
(dT/dp) along line t112.

Hrizontal axis indicates distance from the start point of line
t112.

+ indicates different point between ISDV and total force
gradient.
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(ISDV) and the gradient of total force aomalies
obtained by proton precession magnetometer
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Fig. 14 Total force magnetic anomaly map including
the line t112. Contour interval is 50 nT.

Solid lines indicate positive, and broken lines indicate negative
anomalies.

* indicates the same as in Fig. 13.

The arrow indicates the estimated direction of magnetization
of this magnetic source.
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