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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)o] HA=™ [AMMAP day side A% A HollA He|Fo] EetAnt dglo] Fa3gt
&S 5= EEJ(equatorial electro-jet)?} ElA(equatorial ionization anomaly) AF0]2] Af3k
TAE olsisl7] Yall Impedance Probe, Langmuire Probe, 12|31l magnetometerS!
AIMAG(adaptive in-phase magnetometer)& A %0] JATH1].

SRALIA A7 1SS 958 st D Aol wie- S835Ith S5 tolA S5
o] WMok A2 13kolA9] EEtAnt AEi7t Wsks A& oushr] wiell, T13olA e *h
4] @FHE(n sitwo] F851cE 1A B2 f1olA AFAE gAiste] o dR=
SRyl FTH2-). 91 BAF 2715E A A7 S48 sk dl Qlol 8 A
A A AAERE ofy2t AR 2ok Aol ABE ARt S A1 wiZol
ok olERt F2A IS E°1AY AASH] flste] F 7] FRF9 A|HA ZETIH
(magnetic cleanliness program)}= ATt A, 914 A=A 1A HolEHE &-& olF, &
7] Ha AAE AA 9 EREY A AR HEE BaHoE AAT 4= Qlck ol
S W2 AL B S|4 7FE FAIAL Bl &4, YRR E & ANt
A A7 1S B E0l= Aotk ol=et B9 M= tiREY] f1/dolA ARESHA,
A7 122 €071 9ol B2 12 m7HA] 4A A7 991l UAAEE 1 m F== ZA A
7H3t GK2A(GeoKompsat-2A) 9A161= Jct. 8t ofzt 24t A 2= 9 ofg] K
S AFIA A7) 32 Eofok 7L olFA B2 AUIS SIEE ATE AL A}
7174 T2 T3 (magnetic cleanliness program)= Z8§5to]o} $H}H4-10].

EH A4 =& A7 A EalElE(magnetic cleanliness algorithm)2 Constantinescu
et al. 2020)(8]°] AAGE Lare]E o= A, Fig. 13} o] At 58 32(CAS500-3)° &= §
o] HjgHA ol AX|H 2709} EAlof| AXH 17} A=EHAQ] S ZpolE ol-&sto] A7 H 4
8 Aot

fr o N ox

e

Fig. 1. RAIMIY S8 339| XA AR| K.
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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 A2 Ao 245 7182 MR (ambient magnetic field) B(£)o]1, 42
FHE ] A7) THS 3 bi(t)0]1, A| a0 Y B n = 1ot} ivH A 1
o] WS ZH(t)et ofd, ohaa go] BET 5= U]

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

ad7]4 index 0= 2710 2A3t A71AS oJu|ict.
A& T2 9o gt = tho] AeAoA Ao 245t 4] (1) A& wjA] 28 7%

(ambient magnetic fieldy& AAE 4= k. =
ABYU () = BY%(t) — B (t) = $AbY (t) + AZY (1), ®)

of Zo] EET &= it} B tlolE oA A weFHmagnetic disturbance)& A|Ast7] 9
3, zzte] A=A ABYY(t) 9 AP ATHlinear combination)& WAL (correct
coefficient) 47,5 F-ofoF g}, ThA] T,

B, (t) = BY(¢t) + AVABYY (1) 3)
7} Ao}, 7l A2 A9] 1-7-9] WEHspecific disturbance)e-& FAISHA, 4 Q=
AB®Y(t) = AbY(t) @)

7} Ao}, oA XA W Hdisturber)e] ket HHEE Lol WHAHdisturber)7} <=
gt G AR B AR AS- AR 4= AR dREE o= S04 B Y
(correction matrix) AVE Z{Z 07 Fafof it

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

13 57 ]/\E T3] Holl, 41 (2] AR - vhAe} FEet A ekl 7Yt o]
= g A4 F s oE ARG AEA 0 4 o AetAY 24 B 7R H5ol sig
o}, o] A4 A (4)2F 2ol 7hts] UEhd 4= ok Al fIF|oflA wte] Weke 2o
A A -147_‘] oA wko R QIjt FAito] SFE A1 Fdf A4t Wke ARt 7HY
Stk o] % BAF E42 B0l 7 AA AlA 9] weh WRkS S 4= 9low, A=A j 9
SH= *]’%’5_]'04 BAEE AEA i 9 AR 4 84+ offel Zo] VPS(variance
principal system)°ll & <= JUTH6L

B = P _ q0li(ABOI). (5a)
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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A (103 (1) A83lel, 5 719 el AAoln] 245 ghe] Aol % HZFOR X
A% 23, e 224 9 3% BAE AR 7 4 9k

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

=ik

AOL] _I_All} _I_AZL]
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 Eet vt ARl 249 8
£ B YRR & Qov, olefet Bge BE AAe] Sgto] AHeE T v 4

UL oPFH o B StEol= 5 AALE ZH =8 M W(major disturbance source) 4]0
.ﬂi]'c‘s} AAZ :rl_kl E]ojo} %}r,]-. a3 oL, = Aﬂ}\-]i—'_ 3‘1;61-6]-}_—_ Z+ AlA] woﬂ qsiALs 13}
wATto 2 elo]elg HAehs Aol WRSHAT TE A o= AFgsH 4 9l

5. Zt7| &E HA

Fig. 3(a)=, ¥ 1&olA 9 918 A=ds= 25T HE WS ol8sto] ALkt =,
o A=ollA Fig. 3BAE A+ A2 < dipole Ao e o, A=A AlA
1D 2(S2)0llA TE(AFE)E A7 1730l

o] A3 A49]9] 27| BHE (magnetic moment)2] A717F M = (1,2,-7), B4 St
7} fouse = 0.01 H,, B2 duration 2s, A All7|(pulse amplitude)= 0.1%1 spike-
like disturbances Fig. 4(2)2} Zro| A4dste] Hsl 3t Fig. 4(2)@F 22 spike-like A7)
XLQO] F71H0 7 E0lE %, Fig 40) 7ol 9ol 17H200-2025)2] spike-like A}

7] FeE 1A w7 PES o] &4 AAGAEE Aoloh. S A4 104 TS 2P|
HEO]—T—’ S 4] (G)0llA +& AdEsto] dojxl Aot

o|ZA spike-like 7] &L 12} HAHO 2 AAEA| = H¢k Ut A& =0, Fig
5(@e°lA= 13} B & ofAds] dot Qe g2 B 4 oH, o|AE 22 BAS Algsto]
Fig. 5SOAHEH) B2 753 AAT 5= Aok T3 23 B4 Algste] dof Qe /=

< 32 B Ao R w2 HEO HaZ Y 4 Qlth Fig. 62 23} 32 B9 A=X, =

Fig. 3. X771 AIZ2014. (a) 22 0 (b) ALt 014Q! dipole field.
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ie-6 .
" r
-06 l = f" 41 =
a b
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il‘
08 LT s
e
{ |
| =50 i
0! / o !
bl “‘- " -85
le ie
0
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2 ' |
L 4
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lo=6 le=7
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=094 =744 ‘
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-12 |]“I- Lt
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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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-4.4
-4.6
-48
=5.0
-5.2

=5.4 1
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Time(minute)

0
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Time({minute)
(a) “(b)

Fig. 6. 3z 29| Oil. (a) 22t 2 = HIOIE], (b) 3t 2 = HIOIE.

kO

6.

o 2 7=

2 AFolA= Fig. 10142k Zo] A 58 35(CAS500-3)0ll AX|H 3the] EAA0]
E E}9] A E 0]85}9] gradiometer ¥ O 2 7] HA(magnetic cleanliness) W<
ATt 2ol Flol AAE AFAES] A9l 7-8&5H A& 4 Utk Fig. 4@*4
91329l spike-like 22 F34 0.01 Hz, duration 2% =2 YA Fig. 4(b)NAE (a)
oA THE AFHRI A IFuTE 1R FEZ AMESto] A AT Aot AT} F24
AT A7)0l & AR £ 5= Qirh. 2AHoR 12} AR APeiE thRE9] spike-
like A7 1%{magnetic noisel= A7 7Fsodltt. SHA|TE, Fig. 5, 63} 2+ step-like FHES]
A2 2, 32 & A BAS SfoF tiREe] 3ol AAES & 5 AUtk E3E A 0)°1AA
d 7 P Bo= dYZolojA ARt Wekgo] gl A IRl AF7HA19] A
7] A2 IFA R gEojA AASIIARE, do= ARl 27| Fgol gk /el
A TET A7 B E AL o8] 1A} BA7ZEA] Algste] A7) 22 AIAT Algloltt

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

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