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Variance analysis - (Principal Component Analysis)

It is a simple technique which identifies a more meaningful basis to represent the measured data

assume N measured quantities, g;(t);i=1,...,N (e.g. Bx(t),By(t), B:(t))
e Covariance matrix elements: C; = (giq;) — (qi)(q))

o diagonal elements represent the standard deviation o2 for each components

o off-diagonal elements represent the correlation between different componentss

compute the eigenvalues / eigenvectors: Cv; = \v;;j=1,...,N; A > > > My

construct the transformation matrix to the new basis: R = (v1,...,Vn)

the transformed covariance matrix ¢’ = R'CR is diagonal

e most of the variation is in the first new component
e correlations between the new components are minimized
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Geostationary Korea Multi-Purpose Satellite

e Korean meteo / space weather satellite

launched on Dec 4 2018

geostationary orbit 128.2° E
e no magnetic cleanliness

2 FGM sensors on a 1Tm long boom

2 AMR sensors on the spacecraft body

task:
e to remove the sc generated AC disturbances
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Service Oriented Spacecraft Magnetometer (SOSMAG) concept

sensor 2
B%eas(t)

sensor 1

Bl
disturber

Cleaning GK2A SOSMAG data * 2. SOSMAG concept * Measurement configuration

e Magnetic field measured at sensor i:

Blneas(t) = B(t) + b'(t) + Z'(1)

e B(1) — ambient field
e bi(t)  — disturbance at r'
e Z/(t)  — sensor specific noise and offset

o Difference between measurements:
ABY .o (t) = AbY(t) + AZI(t)
e Corrected measurement:

Bicorr = Bineas + Aij(AB?neas)» -AU = ain(t)
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Variance driven SOSMAG cleaning algorithm

Polarized disturbance: R = constantintime =
e Transform to the Variance Principal System (x-axis aligned with the maximum variance direction)
e Only the maximum variance component needs correction:  (Bhor)x = (Bineas)x — @/ (AB cas )x

= A" is completely determined by the scalar coefficient o/ and by the maximum variance directions:

Al = —a"j((R")q)k (R”) ; o/ is estimated from the variance ratio
X X
o Disturbance is removed but sensor specific is noise added: ~ (Bio)x = Bx + 0+ Z, — a(Z, — Z,)
e Corrected measurements for the two sensors are identical: (Bior)x = (Bhorr)x

Higher order corrections:
Bn,ij _ Bn—‘l,i + An—1,ijABn—‘I,ij ) AZI—Lij _ _an—‘l,ij((Rn—1,i)f1) (Rn—1¢1j>
' kx xI
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Uncorrected magnetic field data on March 4 2019 . Cleaning strategy

e Representative for the routine operations

g e 16:00 disturbance seen by all sensors
00:00:00 04:00:00 08:00:00 12:00:00 16:00:00 20:00:00
D G S SN ¢ AMR/FGM amplitude ratios:
£ o0 et M Wl e S =
¥ e 40 for AMR1
= S i et e SR B e 5for AMR2
00:00:00 04:00:00 08:00:00 12:00:00 16:00:00 20:00:00
g wE ] z
P owb 2 Strategy:
< —1000 =
00:00:00 04:00:00 08:00:00 12:00:00 16:00:00 20:00:00 ° DO not use the AMR2 data for AC Cleaning
T e
g 1 e st step: clean both FGMs using AMR1

12:0000
2019-03-04

e 2nd step: clean resulted FGMI/O using FGMO/I
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Ist step . Original data rotated to the Variance Principal System

FGM Inboard

o find the VPS for the [15:10,16:15] interval

00:00:00 04:00:00 08:00:00 12:00:00 16:00:00 20:00:00 00:00:0
X = maximum variance | AMRT e distinct coordinate systems
y = intermediate variance 3
1500 2 = minimum variance 3
i 1000E é X
& SE < e rotate the entire day to the found VPS
E 7/ 3
~500= 3
00:00:00 04:00:00 08:00:00 12:00:00 16:00:00 20:00:00 00:00:0
500 Difference _ e maindisturbance only in x-component
E I 3
@ _to00F- < e no stepsinthe z-component
~1500F- 3
00:00:00 04:00:00 08:00:00 12:00:00 16:00:00 20:00:00 00:00:0(
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Ist step - Corrected and original maximum variance component

FGM Outboard
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e scaling and rotation parameters:
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AMEL] o targeted disturbance removed

e corrected FGM =- 2nd step initial data
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2nd step - Difference between AMR-corrected FGMO and FGMI

Maximum variance (x)

p |||

B (nT)
e
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Minimum variance (z)

e stepsonyandz
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2nd step - Finding the correction parameters

Vaximan varance secton, cuboard somsor ronet e use sliding windows to determine the variance direction
ol ] e determine the most probable variance direction
wol- o ] e select the corresponding « scale factors
T B ST e compute the mean scale factor

variance ratio, run=1

window size selects the disturbance to be removed

600 -

first order correction:

Histogram Density
a
8
S
T
L
]

e window size: 100 s (high frequency disturbance)

N
3
3

T
I

e maximum variance direction: out (—42°,37°); in (—38°, 52°)

o
N
w
IS

e scale factor: out 0.653;in 1.620
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2nd step - 1storder - correction of the high frequency noise (seconds)

Maximum variance (x)

2 4 e window size w=100s
@ 5
-10
00:00:00 01:00:00 02:00:00 03:00:00 oo @ Scale factor a=16
before correction | |ntermediate variance (y)
after correction
e the HF noise is substantially reduced

01:00:00 02:00:00 03:00:00

o the spikes are also reduced =~

Minimum variance (z)

e similar scale factors — close sources

B (nT)

T[T T,

y-component noisier then z-component
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2nd step - 2ndorder - correction of the remaining spikes (minutes)

Maximum variance (x)
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window size w=700s

scale factor a=14

the spikes are removed

the steps are also removed

14/19



2nd step - 3rdorder - correction of the remaining steps (hours)

Maximum variance (x)
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window size w=16000s

scale factor a=11

the steps are removed
remaining HF noise and spikes reduced

remnants of steps and spikes on y
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Final result - FGMO corrected time series in sensor system

04:00:00 08:00:00 12:00:00 16:00:00 20:00:00 e combined Sing le Step correction:

0 0Rpo In! AMRRpAMR
Bcorr =M Bmeas +M Bmeas +M Bmeas

e parameters uploaded to the spacecraft

00:00:00 04:00:00 08:00:00 12:00:00 16:00:00 20:00:00

e cleaning is done now onboard

e WWWMW”WBW

00:00:00 04:00:00 08:00:00 12:00:00 16:00:00 20:00:00
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FGMO spectrograms before

Outboard measurements before cleaning
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Summary

variance analysis is a powerful tool for cleaning magnetometer data

multiple disturbances (time scales, directions) tend to decouple in the Variance Principal System

three from four available sensors on GK-2A were used to clean the data

the determined cleaning parameters were uploaded to the spacecraft
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