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Qo

AH0N L= X[ S(magnetic noise)g E0l= X2 ASEAIA XA Q] 452 APZI= &
Q5 gt 9| HI0|C M’é*%(magnetic noise)= E0l= Wi 2 ottt 40N Elboom)S &
2 EOH= 0L, 0|2 =2 HIEW YN 28 HO|= SHON MSotX| Q= YiH0|C T2 B2
AR, A |E 0| M= S0 2 Ol MENIA 1M S3iZ0| XP7| 7RIS Mi7fot= Z10] He| A2

ot = S0ME = 0] TR0 271 J12]10 =X 1744 212 EX|E XA (magnetometen)Oi|

VSRS DA (magne’uc noise)S MIHote L2152 ATHSFIAL BiTt

One of the important ways to improve the performance of magnetometers in satellite exploration is to
reduce magnetic noise from satellites. One of the methods to decrease magnetic noise is by extending
the satellite boom. However, this approach is often not preferred due to its high cost and operational
considerations. Therefore, in many cases, removing interference from the satellite platform in the
measured dataset is widely utilized after data acquisition. In this study, we would like to introduce an
algorithm for removing magnetic noise observed from magnetometers installed on two solar panels and

one main body without a boom.

Aol @ AL 94 A=A, A7) Hh, A7 A=
Keywords : space exploration, satellite magnetometer, magnetic cleanliness,
magnetic noise
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1. M2

[ S

20250 ARE ey SIARAIRL A SB91(CAS 500-3)00 AEjS E=tAnt
= AH]91 JAMMAP(onospheric Anomaly Monitoring by Magnetometer and Plasma-
probe)°] HAE™ IAMMAPZ day side A% A|9oA eS| EetAnt Ao Fa3%t
&g 3= EEJ(equatorial electro-jet)?} FIA(equatorial ionization anomaly) AF0|2] A3t
FAE olslst7] Yol Impedance Probe, Langmuire Probe, 183l magnetometer$l
AIMAG(adaptive in-phase magnetometer)@ A %0] ATH1].

AN A7 PSS 98 ¥ 9 Aol vl F85t SgtolA S5
o] WMok A2 13oA 9] EetAnt AEi7t ¥sks A& oJushr] wiell, T13olAe *h
o] @E(n sitw)e] FasIct 1A B2 ol AHFAE EActe o8 AFE
SRyl FTH2-O). 91 BAF 2715E A A7 S48 sk dl Qlo] 8 A
A A AAERE ofy2t HAAE 2Rk SAolA AE ARt S A1 wiZol
ColERt A2 IS E0l1AY AASH] skl & M FR9 AHA ZEIH
(magnetic cleanliness program)}= ATt A, 914 A=A 1A HolEHE &-& olF, &
7] Ha AAE AA 9 EREY A AR e B0 E AAT 4= Qlck ol
S {2 AL B S|4 7HE AR Bl 4, LR E B ANt
A A7 1L B2 E°l= Aotk ol=et B9 M= tiRES] f1/dolA ARgSHa,
A7 122 €071 98l 5= 12 m7HA] 4A A7 98I UAAEE 1 m F== FA A
7Net GK2A(GeoKompsat-24) HAIGIE Ut Eat ofyzl A4 A=A 2 9 ofg] B
BE AFIA A7) 22 Eofok 7L olFA F= AIS SIFEE AZE AL A}
7134 Z=2 T (magnetic cleanliness program)< =3§5to{0F 3HtH4-10].

H oA =8 A7 A GAE]lS(magnetic cleanliness algorithm)2 Constantinescu
et al. 2020)(8]°] AAIGE Lare|E o= A, Fig. 13} o] At} 58 32(CAS500-3)°1 &= §
o] HjFHA ol AX|H 2709} EAlof| HXH 17] AEA1Q] U ZpolE ol-&sto] A7 H 4
£ YT Aotk

Oorr o N oo

e
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2 A9 272 AIMAGY] 7HaRt YAkl 9 F1/gdof| sl HehshA thal Qlal 373flA
= A7] 49] 3 ®WHQI principal component gradiometer algorithm®f 3] 7H3s] A
1, 2, 32 B matrixE 7oks WS Agitt solxds 48004 gt

19 & 2 3%% ’\]’*9’5}01 AFARI WehE AAsK= ATE 7Fs] HRIt 67ollA

2. AIMAG(Adaptive In-Phase MAGnetometer) Z2EE} C|XIQI
(Design)

AIMAGE 3 3o BHY] EAAPIE AZAR DC A71E S7dst7] fIsto], 914 i
g & £oll 2+ 170, AL 918 240 170, & 3707F 22 olgoltHll. AIMAG S~
APlE A=A12] EQM R Fig. 2(a)2F ATt ZF FHoll= 35 A1 vlolEE &) fist
of 1709 & Foi7} 2709] &2 ST 4 71 whizell 1719) Z2A el 2719 & Foi7h +
g%} Sl

g gzt AA Afelo] iS5 @HAEEo] 0.4 W/m K= W2 G10 242 7
< SRS AA AA e} B s Afololl AAR A1 £49 e EAske
wo|Z EAL 4 7] IS 1/1,0002 Eol= A7) A ZA(TLMS-C100)°A41 2248}%
TH1L. Fig. 2(bHd) 215-390 pT/Hz9] &5 2o & DR EEY A=A gt 754 Q.
A 359k S AYERS HojEth 24 EQM % FM A dAE AX 2 3& 3
HAE 9 A HHS Sg)5lo] 5-S A A&o|o}

3. The Principal Component Gradiometer Algorithm &2

II.

)

g 7Hk wF A4 BH(gradiometer-based disturbance cleaning method)el]
AREEE ARFAQl A2 T Y] A—AE 2 AR HE AFCIA ST A12Ql Apo]
£ ol&sto] 27| F52 AASHs Aotk vhA] el Y140l ABEE A7 ¥Hmagnetic
disturbance)e T+ 719 AEAS 210 A& 2 XHA 243t X71FQ] Jo|g& FHF}
= Aot} E3F YAolA9 A7 magnetic disturbance)e] A2lol wet Haska 9
A7) (ambient magnetic fieldre HIFA7|A] F=thal 7Pgstal 27| =AHmagnetic
dipole) 71045t a1 &gict.

Noise spectrum ¥ w Noise spectrum Z

ol T r =
391472 AT 7 W' at 1 e 3 E 0301471 T / W' at 1 He
10 r

wp ! A Ty 1

2 ' 1 §° 1
d! TR o fiila B

| . b

) SEPEPTUIY I BT ) SEPEPRTT R Y
10? 10" 10° 10' 0107 10’ 10" 10" 1
Frequency M) (C) Frequency W2 (df)

Fig. 2. AIMAG Z2EER) & HAE Zit (a) SHAA0|E T2EEIRQ A A, (b) X&F
LO|I= ¥, (o) Y& L0|= 2E, (d) 7= O|= . AIMAG, adaptive in—phase

l-_l

magnetometer.
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AR Aol 243 7182 MR (ambient magnetic field) B(£)o]1, 42
FHE ] 7| THS 3 bi(t)0]1, A| T Y AL n = 1ot} idA A 1
o] WS ZH(t)et ofd, ohaat go] BT 5= 6]

B%(t) = B(t) + Xbi(t) + Z(t), )

ad7]4 index 0= 27]0] 2A3t A71AS oJu|ict.
A2 = X9 Q= = d9] AHA A ZAlof =43t 4] (1% M A 2= )R

(ambient magnetic fieldy& AAE 4= ULt =
AB%U(t) = BY%(t) — B%/ (t) = 3Ab)/ (t) + AZU (D), ¥)

oF Zo] HAT 4= Ut} = HloJHoflA] A7 | W (magnetic disturbance)}S A|AH] 9
&, Zkzrel @AM ABYY (t) 9] A&AHlinear combination)& TAAScorrect
coefficient) 47,5 F-ofoF g}, ThA] T,

B,),.(t) = BY%(t) + AYAB* (1) 3

7} =k, 9kl AF=EA|9] 11-8-9] W specific disturbance)52 F-AISHH, A )=
AB®U(t) = AbY(t) @
7} "k, o2 A=A Wt Kdisturben)2] ARt FHE dT WHAKdisturber)7}F 5

gt G AR B ARSSAR] AS- AR 4= AR dREH o= S04 B Y
(correction matrix) AVE {07 Fajof it

4. BXE
4.1 1X} BX(1°* Order Correction)

17 B4 1“2 F317] Aol 4 (9] A T2 vxjet gk WY acka 7pgei. of
T 22 F U7} ORE ART A B4 et B4 o A7k A9 g
=it} o] A 4] (49} ol Zhets] Lhehd 4= k. A4 YRlolA me] Wk od
A2 qu oM O QT Hilo] S A1gel Hrh Bab gk Ayt 7MY

fr

Jte}. o] % it 24 B3l 7 AEA AM 9wt ‘*‘%}— TS 4= 3o, A=A o
S *}%’5‘}04 BAE AFA i 9] A1 4 84 offier Zo] VPS(variance

principal system)°ll & <= JUTH6L

B = Y _ q0li(ABOI) (a)
Lij _ pOij b
B = B0, (5b)
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Lij _ pOij
B,” =B,", (0)

o714 91 HA T 14 BAS oluigick. 4] (5)2] Huist Qw0 R wA FL LA A
A (ol 27gke] VPSE BAIEE W, 4] (5a)2] (AB™), = 4] (52)2] AB® 9] VPSE

FHAT, VPSS o) B xF02 ST A BAUL sF0R WRW Hh YR
@OU9) ARES ZLe) ofdls e Bo R T3 % Sk &,

Var((Bori)X)
- Var((ABO.ij)x) ’ (6)

o0 =

L

07|14 +3R5E VPSO] x% ¥gfo] EAl EA(variation analysis)ollA] 2 EIA|TE Qo) #]o|ct,
THd ROZ} A=A AA] ioflA 73 VPSTRAIY] AlA] AIAHIOIA B]F o], RO 7}
AB®Y ©] VPSollA] Al AJARIZEA]S] 317 ol AlA AIA”RA A B o £

= yehd 5= Qi

F

B = BY' = o ((RO) ™) (RO ABOT), @
o71A k = 1,---,30]c}. 0]AS matrix FE|Z LFERH,
BYU = B0 4 A0UABOL ®
7} ek o714 Ak 1Y YA
A = —a®U (RO ™), (RO, ©)
3=

4.2 10Xt BX(Higher Order Corrections)

T A Q9] F717F (B2 Alighol) cllidet ARp|e) A71Het 47 = oo™, 7t
Hog HAL uiEAHoz -3 4= Qth X< n — 194 A5 n7kA] Q] HREZQ] E]Eo|

A A(iteration relationy tha} Zo] YeRd 4= Qlct,

B‘n,ij — Bn—l,ij +A‘n—1,ijAB‘n—1,ij;BO,ij — BO,L' (10)

A:l—l,ij - _an—l,ij((Rn—l,i)—1)kx(Rn—1,ij)xl (1 1)

oftk. A% @t 4 n7b) A7VR] BAGNA AN 4 9T, S 9F R L R
nih AT Yo UeRic,
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4 103 11D AHg3tol, 5 2] A2A ARl 273 gt Aol
A% 23, Thee 224 9 3% BAE AR 7 4 9k

HYzFoR ¥

B2i = BOi 4 (Ao,ij + AV 4 AV (404 +A0,ji))ABO,ij (12)

a8
AO,ij _I_Al,ij +A2,ij

BS,ij - BO,i + +A1,ij(A0,ij +A0,ji) +A2,ij(A0,ij _I_AO,ji +A1,ij +A1,ji) ABO,ij (13)
+ Az,ij(Al,ij_l_Al,ji)(AO,ij+A0,ji)

A io] thel 24 BAE AP B The AAE E3 vt ARl S48 8
£ B YRR & Qov, olelet Bge mE AAe) Zgto] A8 T W 4

9} olH o gl SlEgolis 3 ANt 2t 28 7MY
)5t MM A= olof sltt I3 the, = AAE TEel= 2 AlA o] gisiAs 13}
BATO R HolelE HASK: Aol WaskAgt T2 AN FAlE A8 5 Utk

A(major disturbance source) LA

5. Zt7| &S HA

Fig. 3(a)=, ¥ 1&olA 9 18 A=ds= 25T HE HAZ ol8sto] ALkt =,
o] A=ollA Fig. 3BAE AT+ A2 w5 dipole A71Fo= 7 o, A=A AlA
1D 2(S2)0llA TE(AFE)E A7 1730l

o] A3 49]9] AF7] BHE (magnetic moment)2] AM717F M = (1,2,-7), B4 St
7} fouse = 0.01 H,, B2 duration 2s, A Al7|(pulse amplitude)= 0.1%1 spike-
like disturbances Fig. 4(2)<} 2o A4dste] Hsl F3ct. Fig. 4(2)@F 22 spike-like Z}7]
20 F7HO0 R 0% H%, Fig 40)2 7ol Y2l 1£7H200-202s)2] spike-like =}
P o] &5iA AAGAEE Aolot. TS AlA 104 TSI 2P|
F5olal s 4] (6)°llA +5 AEste] dojxl Axtolct.

o|ZA spike-like AF7] & 12 BHAHOE AAER] ¢= F
5(@e°lA= 13} B & ofAds] dot Qe g2 B 4= oH, o|AE 22 BAS Ald¥sto]
Fig. 5SOAHEH) B2 753 AAT 5= Aok T3 23 BAZ Algste] dof e &=

= 32 B Ao g B E9Y 4 9tk Fig. 62 23} 32k B9 d|2H,

7] &S 11X A

O

9= Qltt. A€ S0, Fig

Fig. 3. X771 AIZ2014. (a) 22 0 (b) ALt 014Q! dipole field.



J. Space Technol. Appl. 3(3), 229-238 (2023)

Al ~0.5 femr—dimant

the

—

IHIIIIIIHHIIIIIIIHHIHIIIIIII I I A

“‘:'.IIIIIIIIIIIIIlIIIII[IIIII]IIIIIIIIIIIII —1 | !

SITTTTTTTTITTII T T T T I I I I I T I T T o ooT

:EE -1.0 \W\r\—j
& | ! |

i -154 1 1

i.f Mg o ol

200 201 202 203
Time(s)

| |

e~ A 0

Fig. 4. Spike-like type noise M|A. (a) Pulse FIt4= 0.01 Hz, pulse duration 2s Q! spike-like
215 Wt (b) 199-204s FLH0IM 1%t WH & Q15 Wt MASH ZAat
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Fig. 5. 2& ©H9| Of: (a) 1X} X 5 Y0} Ql= L0|X, (b) 27} &
MM 10IA 2= HIOIEIE Al (6)2] plusE 2X EXEH ZAD0|1, SAMS MA 20N HESst
CIOIEIZ Al (6)9 plusZ 2Xt &5t A0t

o]z Fu7t 0.1 Hz%l step-like B 0|25 HAPAIZ L 9,000s HEF-= ‘/}E‘r‘;’iﬁ}.
Fig. 6(a)e 22} g2 PAIT o3ds] A7) do] Fot AL, Fig. 6b)elA 32k HA =,
A=A AA 1014 BETE AFAE] 6004 + 2-8) HlolEl= F5ol Bol ZetE o] A,
AllA 2014 BE3E =49 ElolE|(4] (6)°IM + &)= HiF-Ee] F=ol AlA7E Ho F24
of A= = <+ Utk
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Fig. 6. 3z 29| Oil. (a) 22t 2 = HIOIE], (b) 3t 2 = HIOIE.

kO

6.

o 2 2

2 AFolA= Fig. 10142k Zo] A 58 35(CAS500-3)0ll AXH 3the] EAA0]
E E}Q] A E 0]85}9] gradiometer ¥ O 2 7] HA(magnetic cleanliness) W<
ATt 2ol Flol AAE AFAES] Aol 7-8&5H A& 4 Ut Fig. 4@*4
913219l spike-like 22 F34 0.01 Hz, duration 2% =2 YA Fig. 4b)NAE (a)
oA THE AFHRI AR uTE 1R FEZ AMGSto] A|ATE Aot AT} F24
AT A7)0l & AR £ 4= Qivh. AaHoR 12} BARE A[geiE thRE9] spike-
like A7 1&(magnetic noisel= A7 7Fsolct. SHA|TE, Fig. 5, 63} 2+ step-like FEQ]
A2 2, 37 & A BAS SfoF tiREe] 3ol AAES & 5 AUtk E3E A 0)°1AA
d H P Ro= doZolojA ARt Wekdo] gl A ERlsklth AF7HA19] A
7] &2 IFH & vhEojA AASHIARE, o g AR Al Apr] FZo] 23HE 940
A WSS A7 ElolEE 2L o8] 1A} BAZEA] Algste] A7) 22 AAT Algleltt

ZALe 2
o] A= IRPEPRBARTE AYshs FFATAGNRDY]  G7MEAFA(NRE-

2021M1A3A4A06086639)2] A|PoZ = AHFUTE AAES CAS500-3 UFe}F KSLV
7ieof| it AR Yol oA S8t TARE EFULH

l
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