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ABSTRACT

This research handles the performance improvement effect by the Modeling & Simulation and shows the design,
implementation, test results of the new 3-axis magnetometer which is the core component of strategic offensive
deploying mine. The submarine is modelled by using the commercial electromagnetic field analysis tool on numerical
value, and its magnetic field characteristic is predicted in order to apply the new magnetometer to the future underwater
weapon system. The method to take the performance test results of new 3-axis magnetometer in the land is shown
instead of the real test result in sea by making the miniature submarine.

FIHME : 35 A=A, A7, 2w & AlEE oA

Key word : 3-Axis Magnetimeter, Magnetic Field, Modeling & Simulation

T URXE: 2014, 10. 08 AMARIZ AKX} : 2014, 10. 25 AXH=PHUXE: 2014. 11. 13
* Corresponding Author Young-Kil Kim(ykkim@ajou.ac kr, Tel:+82-31-219-2364)
Department of Electrical and Computer Engineering, Ajou University, Suwon 443-749, Korea

http://dx.doi.org/10.6109/jkiice.2014.18.12.3069 print ISSN: 2234-4772 online ISSN: 2288-4165

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/
by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



SHEM B ELISHS|=EX|(J. Korea Inst, Inf, Commun, Eng)) Vol 18, No, 12 : 3069~3078 Dec, 2014

I.M 2
5% FAA Y FAE Fko] o3 T 4 5
53} $1840] 20101 oK 5 Z 3t A2 Q1) 2

W ol el Ao = tiets] FaskA R Aok,
“10] w2 ol jal Uolsh AL oA ko] Bl
2 193-S AASHA HATH1].

2 ATOIAE T SRS A7) % EA
Q1 () RAAAL YRS FHOR 323
Mol ot o] A ek 9] B4o] B A
I Modeling & Simulationo]] 23] A% 7|49 avlE

AdE
A

ol
(R

ﬁa

AR AFB A5 ARAS AAAHAEE 2
23S ek B3 A AUAS A2 A1
TARAN 3] SAe 4G AN R opA
T2 olgste] AEG AT AFE B

4> =)

W

d

M)
ol

2 K1 ofN ot

]_

A B ATV FEAS e, Sk BPS ARG
of A SHPATL 314 Shelehs Sel A H52%
& o WU AN 9 AT AAZ AR
& SFRAAA N 28 1) 752 1% ) o]
R EEV NN
Fol 4 74101] 4w AskE ol Ad B4 5L o
4 499 2

7} 9«1‘3}. olF 71“@‘31] s -’F‘_ A
Gl olsll FA] 450 FHEol E FFAA e
A o] AR AT FjoF S =
sk, 272 Qelolxjel vl Hae 14 T o
A0 s alehz Mo 9] tel S0l 2
AR = S35F AH A} o] 73R A(ferromagnetic)
Aol ofa) MR A A5 s s et
A7V HA7} 3 B RO 2 AR E 9

AR A2E A BHES AT <o 4
42151 (Positive Down, z=), A o] EHaK Positive
toward the bow, x=), 4 - WaK Positive toward the
starboard side, y=) G- W= 3= A3 (orthogonal)
=271 % (Induced Magnetic Field)}, 7 AA[of 7]
oIt 3% R LA} (Permanent Magnetic Field)2]
B stoll A Hrt

05 3% 527142 Z+7F IVM (Induced Vertical

Magnetization), ILM(Induced Longitudinal Magnetization),

IAM(Induced Athwartship Magnetization)©|2} 8}, tf
S 0381 & &5 2o gHE 7o) Hsko 7 i

?g—;g o] tﬂ-‘— [¢) E;(]_ﬂx}_,] l:ﬂ—b‘);__ /kl—_l;li 2~ 011:].[2

Vertical Component(V)
e Ny Fra

\ /
/ FTN \ \ \ Sy / ,L/ {/:\\
L AN e T
‘ ?!—lj; ——— )I
\\ LY 7 Y /v y 11 1\ !\\v///
/ / O
\ // / / | \\ \
/ / \ . *
rd N
Athwartship Component (4)
\-‘T*/
\?:_\;\_ 4,///{
N T o= = __ s
T N I
Sarm = "
Longitudinal Component(L)
- g A
O O R el W b
\ [ ff Famr =~ e A
\ — = AT A
S K AT L i e W g
R — IS
W ,71 S o ol %
AT ) )
! A —_——— /
\ N a

a7 1. 259l 3% R=AU|E
Fig. 1 3-Axis Induced Magnetic Field of ship

2
r—ﬂ‘
o
of
-
x
_\L
o
flo
o
ox
[y
BN
(L
N
2
=
1o
Lo
(o]
and

@
N
o\
)
@ ) \
I
J \ | semsor Depth: 25 meters
& = i \__| senwor Offest om Track 67 meters
a J Y
b v P
2 vl B
P s SRR ST SN am—
°
k-
-]
E -
-
] » © @ ® W » w w w % > F)
milmgm: Time (seconds)
— = Varbaal Compenent
(=1 [SiPse] = PNE=PS
a8 2. g9l 3% Y &Y

Fig. 2 Triaxial Permanent Magnetic Field of ship

3070



el A7) B e 2 % wE e T o
Bhe 21714 FR(EE) S-4 0.2 wAL 5= Aot
Fy= B+ B+ B’ A

. 2%/3% Modeling & Simulation

st st A4 71=e AA N o % st

£ 7Izto] 20do] Yolth. B4l A 4 1L o}
& 717 33} o] 25 Wolm, g7\ e} L Al 4

SR A A 488 AL AL 359 T Pao
W o] g3te] A7) BT GHE FAT 4 YES

i

d

#5704 ok 5131 Matlab 7]t A B2 0] 4.& 3] 2
23132 227 o] WA 4% 2ol 2 WA Blsilnt.

J8 3. 2% XA 3% XA Q| *fo|H|w
Fig. 3 2-axis & 3-axis Magnetometer

A A7} A A
SFA o EHDI-’ES]—‘_—. §94ng o]

3% A}24A| Modeling & Simulation & =27 |#[#H &2
IAM, PVM, PLM, PAM 7} A d7t-& AHE-glom, =5
e 712 o] A= AE on-topL2 O] AUrh=
Ao AEaold A, A ohe 18 49} P,

O 4. 2%, 3= EX|ZF 2lA, Z(of Hjw
Fig. 4 Min/Max Magnetic Value of 2 / 3 Axis

£ 23 7)=9) 21 A7 E stk 7
JotAE 78528 A=A "A /A g d1x)

91 B s B A e
7F S & 5 Atk AlEEodS EYE, AEshe
JJsle] e tto] 2 5140 A= A A Aok 5
AR A EEA] efE g 7| F50] e, 55
Selal} meetn Qi Z1=Ee] AuAs
Search coil = 25 Ho|o, Alq F7|AAZ #AF8H7]
% 5= 7NEske] Ested 35 Ao dA 9 A
ol B=xolol2t 517,

o) -
pr e

I, =A8MH Simulation Y X}7| &)=

-H)|'

A AL g AA ol gt A A7
(Anomaly) ﬂi% o2} 4] 29} 7 LO] WA v

B stAp\ge) A7) 1 Aele] 74

Qlgh
24

>~

o

ERE

42)

)
i)
1o
m
N
(o3
flo =
o

3071



SHEM B ELISHS|=EX|(J. Korea Inst, Inf, Commun, Eng)) Vol 18, No, 12 : 3069~3078 Dec, 2014

R AT A1 By of ol A B, o) 5 A1 1714
off oJg 274 ARl $2 Azl ola) 234402
w&—nﬂPa o MPEIT). o] H$-0] X714 A]

g
7 ofel 4] 303 EAE 4 gk
H=H +H 4G3)

At o 2 oiid ol it 27| vhol &9 78

A A7(mx, my, mz)E YL = A
3 WA == A 7 AlB = ot 4] 48} o] v -
AEE(Biot-savart) 9] H2]-& o]-g-5to] 9]2] 92| | 4]
T A7) A5 EA O gt of|&o] 7hsatA "t
dB(r) = Ko Idl X r A4
a2

9] OPERAE o]&
A7) AE o5
SEERL RS

(E== 5o =]

fo, s 00000 EREIIOEAECHE
»<-><<v-v~z»z.@o>m>vlz RN

a3 5 F4E =Yy Hu
Fig. 5 Modeling result of Submarine

A8 GEA Y B ofe) 19 63} 2

ol2|eh I RS o83t a4 AIE ol-8sto
Agro] % AAY] ABE o2dla, 2% AnS
o]-gsto] Alat /Nsh= 35 AHA Y 27| "HA s

o) % 2 £A o] ALgae.

Induced Magnetic Fields

2000

1500

1000

Magretic Field (nT)

J% 6. FTX7IE siMzmn
Fig. 6 Result of Induce Magnetic Field

A A 0l o5t AF7)1dE WStAl7 = el A
A, A A Y] & FAe(permeability)ofl 2Jsto] 2}
1214do] 73 d Aol W] Eo17}7] wfZoll A A
o] FR8] Ao Ml717F Bt dsHAl H= A3],
SR, BAIA AA7F A8pE Eoj A @A i 2
o] #d A7|7Fo] EE5HA = Zlo] Qlth o]& A7
&) M71+= ok L' 73 o] AAA Aol gy
o] AsgRtol A ZAHS A Bl el olste] 2
A &)= permeance line ©f &J5to] AA ) = A4
A 2] demagnetizing factoro]] 2]3}o] A o] = z}7]
ko s AA o Aozt AW Asrt wol =4
HoH4].

o N

= 7. Xp7|o|22M X245 Permeance line C
Fig. 7 2nd up-Limit Permeance Line C of Hysteresis Loop

AAAAE ABIA 7| = B QJE oA A7 A4S 2
7FA 7] Aol dubA ol wpolA|ul, E ThE o g
L olg 18 83t Zro] Joule B} dl= X7 |HTY

(magneto-striction)-2 ©|-8&35}= 1y olch

3072



———
—

Forced

magnetostriction

-
T—

Saturation

| f
| 1

1 10 100 1000 10,000

H (Oe)
O3 8. AHgH2 A [HYEY S

Fig. 8 Magnetostriction of Magnetic Substance

A7) A7} A8k T Fabo] Wshs Ao

ofe) 4] 59} o] A k.

A= 2|(5)
A7 ELS 2 AA] LfFtola W
(stress)E QI7FSHA| =W A7) &7} B, IAY
SHA| =w o2 A 63} Tt
3 . 2
E, = Ex\asm 0 2)(6)

o714 7 6 = WP} Aspaate] Ajole] 7k
ot} ek AsHs Aol u Ko} K7 kA of ]
%) 9] o] 247} B4 Aj5te] wiro] A7) wE,
A A AR FhalE BT 2SS 8
At} 1 o2 mok5o] 7R 28 FolET 7]
A7k AUFEA] E o] grobx| I Xjg}7} ek Alet
o) AeE BE ol o) ojate] 4A| TxEe] 3
o Wgelo] 7hslel A o] WP ofate] ol
A7} Ho] A7|Ako] WAl ElaL, o)F gk
Ao FAVH 7 S48 1 9le.

V. & 35 XA 24

3% XI247| Modeling & Simulation Y $E27| /A =&

ok oIl AHAEY] A Aol S-5kA] stk
A 3ol 5 A2t 7] A aH]7F A ek 2L o=

7100 AREEAE A=A 7)E 25
flux-gate Brown ®@ A4S AR&3leH, 4
2-30]3 A7t 5%, &850l O nT, 54 S
0~0 Hz(O:H]2) itk

flux-gate Al A= & ferromagnetic core2} 12} o
7](Primary excitation) Z Q31 22}= =%(Secondary
pick-up) U= o]Fo] x| Foj= F7]AQl of7]H
ol 98| Fo]o] EA-&(permeability) Xfo|o] 7|15t
Z3i(saturation) & HHESkY, 2T o3 27|
A7 S == 9 E Z=ts]. ol 7EdeE s
HPO 2 7]E 25 A o # 1 22 A5

744t

1. 7|& 2% XA ds
Table. 1 Conventional 2-axis Magnetometer spec

G E4 H] 3L
AAZ 23X, 2%)
S99 +/-10e
e OnT (¥l45)
AYe +5 % o] 3}
ks O ~ OO Hz (4] &)
Ch=s 00 nT p-p(H]+)
dlolg &8 Analog
AEAY 5VDC (4~7 VDC)
k] 75 mW@5VDC
FAEHY 0~35C
B RS -30 ~ 60 C
ShH, F AA-gEhe] WE = zero-drift 3 OP-Amp.
7} Wo] JtEQlal, 250 wE  offset drift7}

0.01pV/C A=z ealA AheiAloll A4 A 3+
o PEAdHlA Sl o] B glolAlth & =
+£100uT 9] A0 +2V 9l A A Q] ¢ +1 nT
O A7 g2 £20pV ol S AlA ©] AlS A
Aol A A J%—% 100uH A= = +£0.2 4V
ol o] ArteE719] £20T 9 2= Hgof
Ellegal=s



SR B EA

E 2. A 3F XA 2AAY
Table. 2 New 3-axis Magnetometer spec

3= = Ej
WA= 3EHXY.ZF)
Zxu o] +-100 uT
e O nT(¥]:2)
AP +1% o]a}
HIE 0 - 00 Hz (M%) iy
4= OOpT(¥|+%) ZaA
EREESE RS4228, UART Max 38,4kbps
PAR- o) 5VDC (4~9 VDC)
LR Max OO0 W
A=Y -10 ~55C I 95% o3}
B = ¢ 40 ~ 65 C

ol o] 22 BAZAMNE Low driftS 2H= Al 3
AL A O] AeFE 91 3 29 o] AsH3iT
oJukA] o] z}& Al o] AAAE[6] L A& T2t}

19 99 g

H

tlo

A7 [MIAM Analog 5

Digital 21 xz|%

02 9. YUHEMO| XpA Q| X
Fig. 9 General Magnetometer design

A A, AR 3% AeiA 0] BEtolol
%11%@9#% 2 RS422 AJeI ol 2 15 }
o 34 7]% £ B Z A HEES At

Sensor-x -
-
RS422
Interface
Sensor-y —t— £
5 [ —
S
C \‘ ADC §
p=
Sensor-z -
~
>
e

gl 10. A 3= XHEA E2Cto|o{aH
Fig. 10 New 3-axis Magnetometer block-diagram

Meks|=2X|(J. Korea Inst, Inf, Commun, Eng,) Vol, 18, No, 12 : 3069~3078 Dec, 2014

AeAe) A

B F sos dol &
A (Linearity) 1d], th3 18 11> Al A=A
HA(Linearity) & HoJFa1 gl o o]AlA|(ideal)2l Al
3

%20 A% 54S ek glc.

a
=1
1

o

50 4

Magnetometer Output (uT)

m X-axis, y=0.99980 x+0.008,STD: 7.86E-5

® Y-axis, y=0.99944 x+0.010,STD: 5.09E-5

g Z-axis, y=1.00008 x-0.015,STD: 7.69E-5
-100 - v T T f . T

-100 -50 0 50 100

Applied Magnetic Field (uT)

a2 1. A 35 XA MM
Fig. 11 Linearlity of New 3-axis Magnetometer

71415 WstE A Y See e
| lojAE e 1 133} o] O nT
52 7HE 712 22 2 Ao W8] ok O
MM%Q%H°E“%%%$§ﬂ%MQ

g71om e Aow 7|dEH, A

A5 AATEE 3% A A 0] AL = ¢ 243
A B, At 3% A A 9] A de At FAlol A
1o At qul__ 2H3le] B Ay} 28 129
Ak AYS A F 10002 HEo] oy} Azto] L
ST drift 7} 7H 2 x-%2] F$-E EH 200%0] 2
nT A= H3}stct

o|& 7|& 2% A A9} v wEte] B tdZo] O
~00 Hz(H &) |1 E3f50] O nT(HE) & 10020]
O nT(HiD) 9] HskE AAsHA| k= 2 &fnlst]

X,

ool & AtollA ARSRE AHAIE 71E 25 A
= “41?13@# ARgB I Ads oA o ZA17T ¢l

2 WojF glek
" wpoba AeiAe] AUE A Al Ao ohieh 2
[0 AX 24o] 7Fssh] thRo] A2we] Hele)

o] v A JFL FS % 5 ek

3074



. . :‘ Power on drift
s - { " L

e
=
ICEEN ]
= “"‘m @ R , — Y.
g, Sl e ] = 2.2
= ! : T : e ~-100 1
B o <
E ) . - Sensitivity O Wiz
S : :
s =4 — e | ety e
SR = -
[ Resolutio o)
= i Bandwidth fiz
T Noise, O 1l
| : : B :
8
10 \

T
o 200 400 600 200 1000 1200 1400 1600 1200 2000
\ Time (s)

It's very hard to detect O nT change over 100 sec. by conventional Magnetometer.

0500
g vm
< A
2 (e
R
=
g e
iy ~
3 < p ; Magnetometer output stable : about 1 sec
Tme prosid

3% X}24A| Modeling & Simulation X 27 |HA| H&

30HzO] AH(Mag648), 1kHzO] AH(Mag649) 2 A 3} ]
o A= At A 0] Aio] Wo] HolHg & <= k. =
3h, 9] G-AF 33 Flux-gate type A A S-S 75, A%
= v wf AHAY e SHA 2 A7 55t
11 Q)= Power on Drift Htl= ol 18 159} o]
long-term drift & 2 A7 24U W] 27| EAJ*

WIBHE 912 ASHe HAE BI85 k)

4

ﬁ

Supply voltage AV 10 15V

Current consumption: Magét8 3.6mA lypical earth field), 4mA max.
Mags49

5.2mA ltypical earth feld), 5.5mA max

Power-on surge 400mA maximum

Analogue outputs - full-scale voltages 3V [balanced differential, each output 0.18V to 315V, 1.65V zero-field)

Output impedance 200 typical

Maximum load capacitance: Mags48 > 10F
Magéd bandwidth reduces when load capacitance > TuF

Maximum cable length 1.5km [must achieve 3.5V at supply voltage pin of Magé8/649)

Cable resistivity: MagMB/ 920/km
1agb48-MX & FL/Mag49-MX & FL | 920/km
MaqMBS/MagM S 390/km
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Time (5)

a3 12, M 3% XA TE vt & S
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Temperature coefficient of offset error InT/C
Temperature coefficient of scale factor 100ppm/°C

Orthogonality error Less than 1° error between ares

Linearity error 0.0033% [least squares fit]

O 13, A7 3% XA Z2EEY Y
Fig. 13 Prototype of New 3-axis Magnetometer

olat G435 A2 A F T A2 Holo] wol A}
$HTH= 95t Bartinglon Ate] ThEAQl 4 E
sAo|EY A2AL 71 A B ok 1Y 149}
2

AT AR A HlashA 2]+ 100 T, A1
T £1% o|8}, 7] SFAI7F 150ms W o]5 0 2 H|=35}
U #F 2o ofdE YeE Seun], oSl

Frequency response [<5% deviation from DC: Magét8 | DC - 5Hz
Magé49 | DC - 100Hz

Hysteresis <2nT at 1 xfull scale [when powered)

<10mV pk-pk at 4kHz

Excitation breakthrough: Mag4g
Magé <10mV ph-pk at 8kHz.

MTBF ~21 years per MIL-217F-2(6B)

38l 14. A} 3% Flux-gate X} HsEM
Fig. 14 Spec. of Mag-648 & 649

a" 15. 2|2 QAL X7 long-term drift H| AR
Fig. 15 long-term drift of foreign Magnetometer

3075



SHEM B ELISHS|=EX|(J. Korea Inst, Inf, Commun, Eng)) Vol 18, No, 12 : 3069~3078 Dec, 2014

MA, AZE AT 3% ARA Y S S
A A ARG AT T 5 245t
o Beum dept(435) 7lolek U 41 LoDel s

2 E
(0

5}1*0“\1 ds 6}71 SRS
NER e 8
HEoe SN 248 BYUA
917] gfak AWAS A, A 2et
AE ol gsto] ATA Yol A
Hotsict.
ofel, Satolale] A7 24 A fele ozt
BAle] A\ FA| A RET pedstolof B, Ael
= gAoheA 248 A BV pHoR @
52 5}l yaw, roll, pitch 591 @37} 2hystel 2
717%o] WslkslA Hek oAE EH x-5& FHLE 1°
9 At z-5 Wk AR ghel y-=ol
40,0000nT x sin(1°) =, 698 nT 7| W3}s1A| Fct w2t
Al scandh= 5%F 0.01 =7} B A A AAE sk A
of Wj-- oH7] wizoll & AtolA= 1 S i =
v}

Fll‘

E.?i:'

o Mo
1:I°" o
o

3_14‘

N

2

rr

-

ACh

N

N

mlru

1o

(rt rl1>_~ o:

&

A7 Aol WA A1 HES S5

¥e Al skt

I 16. XDIYER £ AMYR| (a) HRITEE (b) LH
tf (c) HIXHY O|STxE

Fig. 16 Scan equipment for Measuring (a) Equipment
(b) supporting board (c) non-magnetic bearing

T3 162 2 ATl A AR 270 AR o] Aoz
+0]7} 1000 mm, Z=0] 600 mm, Z©]7} 3000 mm =] 7|
60 x 60 mm 9] Ao LRutelS AMESto] A2
Ark FREL ROl BE UEL A5 Yol
= AW Eebse mE ALgatect BYaY S
FTEES ot 278 YA HolHe A&
shojof sh=t| H|APA| ] Hlofolojof stz A}
o] vjo) P& ARESHRITE 19 169 (c) ol A9 o] 2}

Hsolofl= 2709 A=k woj o] Zof SlojA 4229
52 WA sh= A3 o]F T olEE WA fIet
Hojgfo] F2kw|of Qlrh

I8 178 mgstaedtel ot A Abr) e ks
SAsh= Abdlolar, 17 18 11 4 A o) o] A
Holl Al A2 A= T 02 HE] 30 em ofefj ol A Z 3}
St 1714 x-550] N-S Wil y-5o] E-WRE, z-
ol 2] WgFolth. 1184 B x-5 Wake] 217
% ¥3k71 4000 nTH =2 wj-g- 2 ol
A5 sho] FAREol Wik obdA] Kot 10v] =
2715917 wFof EolR Ao 7 =A=} y_i H}sF
o A7) Hsh= A9 glaL, -5 &S YR Ede 12
o1 gt 29 1894 R}F717Fe] =7|(total magnetic
field)E Blarsto] B Z=eah-2: A o] HEo] S-S
RofFa gt ol B4 Zo| A7AuslE 7|24
oz Aot= AR A7 27|18 Frrste 53
Moz AWk Ao Bk o Hows £ S Uk

7H5AE Wo] F11 9le

ek

a7, 2y A IHEE &2
Fig. 17 Measuring Magnetic Field test of Submarine

3076



5000

X0 Submarine(x-axis rot.) |
4000
——Y0 e
=3
3000 20 P 5 % il
total N

2000 /
= i
£ 1000 —
b=’
2 0 S =
= SE —
Q oo o g
®  -1000
c
g
S -2000

-3000

-4000

-5000 : - " . \

0 100 200 300 400 500

Distance (a.u.)

J8 18. 2EAE N-SO|5 Al S™YZN(EHE30cm X|H)
Fig. 18 Magnetic Field test of submarine(under 30cm)

I ke SR W A1) ol

& A8 2 A 92w
‘3} kAl A7) AR(X, Y, Z4h)
3% XA S 0|83} Total fieldS
24 2|9} FsHA S780] 7HssHA ﬁ} &3 7]

£ 2= A A= Power on drift7} 2nT/100s ©]4}o]2}A]
27| 45 5 ¢18E 7Y AlZAE ARE 55 1Y

shol Aol Aol A4 AN B A71HS S
ARG, Al 3= 22 A= Power on drift7} 2nT/100s
Hrf 27] ool e A FAlol 271780l th-&
T4 9onE A Bajle 49e Tt
ALY 4| Y-S st & B0l HES
A = ek

7N AR B 259 AAE g ol
= At F7IAA ] 22 A8 B 7= E o=t
& 9IRs} ware 2 o1} o oldleh. wjel 250)
A=A 7E ol o] W2t roll Zhe.2 A uf A7)
v

WA B4 lste] Bofolitt. ol stel w
WFOoRRE A A7 AEo cfste] I H2Y
B x5 25 Hfofod 30°, 60", 90° A1

3% A=A Modeling & Simulation ¥ £S5 AAH =&
o7 YR A F7AH A 2] roll ZF W azimuth
| Fa 2-50] A AN 7P 3 F
o] AUH= Z1E Bekshs A AHA 27
Holth whebA 3% A7) A RS 24
A7k oItk 35| AYAS A 7
& g A1l 2718 24k e
Aol A7)l Wk 4

5}
X*—J TS ﬁi’ml % Hﬂ—t— A

3
filo
]
)

m-?lio{)l
POV
lo 4z
RS Tl SO T AT

JQ%O%)JFE
>

o 12 0
o > >
£ 2 o

Lo 32

o
v 2o
o N o

£§4>

T

7} ho]ﬂ] 5]“4 a HZ] 01]/\1 roll=} azimut
1359 YA &8-S AEEX-F)S 7|
A HEA ] A& JEoZ Bifste]

By, B, AR 2RE T oat 27 %
ZO 8 Holm, &

i3
o N
ol ﬁll{o
o
o

W

r_E oL,

o

i o
1 oo & ko

o Iy

(

i
=)
(0
s

REFERENCES

[1] B. S. Lim, S. P. Hong, and Y. K. Kim, “A Study on
Actuation Probability of Underwater Weapon Based on
Magnetic Field,” Journal of The Korea Institute of
Information and Communication Engineering, vol. 17, no. 5,
pp. 1253-1258, May. 2013.

[2] John J. Holmes, Exploitation of a Ship's Magnetic Field
Signatures, 1st ed. San Rafael, CA: Morgan & Claypool
Publishers, 2006.

[3] B. Cullity, Introduction to Magnetic Materials,
Wesley, 1997.

[4] Fausto Fiorillo, Measurement and Characterization of

Addison-

Magnetic Materials , Elsevier, 2004.
[5] Chew Soon Leong & Rashdi Shah Ahmad & Rosly Jaafar,
"The Development of Fluxgate

Jurnal Teknologi 34(C),

Magnetometer  for
Non-destructive Measurement",
pp-2,2001.

[6] Olivier Dezuari, Eric Belloy, Scott E. Gilbert, and Martin A.
M. Giis,
Sensor Fabrication, /EEE Transactions on Magnetics Vol.
35, pp. 1-3, 1999.

[7] National Academy of Sciences, "Naval Mine Warfare :

" New Hybrid Technology for Planar Fluxgate

Operational and Technical Challenges for Naval Forces",
National Academy Press, Washington D.C., pp 133-148,
2001.

3077



st B ELISHS| =2 X|(J. Korea Inst, Inf, Commun, Eng.) Vol, 18, No, 12 : 3069~3078 Dec, 2014

2l M (Byeong-Seon Lim)

1993, 2. O}ZF=CHstw MA}Zsln} ZskA}

2010, 8, OZ=CHStm UBILYEHR] MALZ St ZStA A}

2015, 2, O|Z=CHEtm B ICHSHR] NCWSknh 2EHEIAHE210)A)

1994, ~ SR, LIGHIARYF) SA{01 712

s« ZHAE0F: Djo| A2 EZMA S247, FPGA, Embedded System & Programming, NCW

[ric=]

_n.

|'ﬂ_0

34 2HSeung-Hwan Han)

2011, 2, O1FCHEt XIS SR Z8tAL
2013, 2, OFFECHEIT UuiCharel X
2013, ~ B4RH. LIGHIASI(Z) o1l
xEalEof | Embedded System H/W, S/W

Z=Z(Young-Kil Kim)

1978, TR{cheta FXIZ et} Zep|
1980, BH22f5tel AMeiRiRIZEl} ZEMAA}

1984, ENST(France) 33t
1984, ~ B4XY, OISt MALZStn}
xR0} Djo| 32033, o235,

5

m

mbedded System

3078



