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Design of Data Preprocessing System Based on

Matlab for Triaxial Intersecting

Induction Magnetometer

CHEN Yu HAN Xiao WANG Yue WANG Pengfei

(School of Space and Environment, Beihang University, Beijing 100191)

Abstract The induction magnetometer is an instrument for detecting AC magnetic field from 10Hz

to 20 kHz in space. The probes are three-axis orthogonal coordinated. Because of the uniqueness

and diversity, there is no general ground testing software for specified satellite platforms or payloads

at present. In order to test in detail before launch, a data preprocessing software system based on

Matlab is designed for induction magnetometer. The software system integrates waveform, amplitude

and phase display interfaces. Meanwhile, plenty of data processing functions are designed for the

characteristics of wide frequency band and three-axis orthogonal, such as multi-resolution fast Fourier

transform, moving average filtering, phase difference calculation. Experiments prove that it can meet

the requirements of all-directional load testing and verification.

Key words Induction magnetometer, Matlab, Multi-resolution, Moving average filter,

Phase difference
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�������G� ����!�����
�", �� �#$%&����, ��G�'��
� 0.010∼20kHz, ��! !("��#� �$�
��"�% &# [1]. �$, "��%!)**&%
'��! , Æ���#$$'!�%&��  ;

� �$�+���&  ,!% �$!%�"
�% &#("""')#. $%���"��(
�# DEMETER[2]#-# THEMIS[3] �$#&".
$ [4] *#"')*� .

%�#"($'%%&�#"+&', &,+
'#"+&�Æ/+'')0!'��)"12, 3
*( ')#% ()*+4,-)*�.*+&+
&,!, ,.,5-6*#$+7,/-Æ'./
�)#�.0,1-. [5] 2(6*08,)0./
(/&-Æ'3���)0% +4-. [6] *. -
0�� Matlab ,.0 �������+&,.
')04% +4 (Data Transmission and Process-

ing Program, DTPP). ������)06*%�
1#%/)#%��*+0. 20)0+&, ( 
%31'914:525 (Fast Fourier Transforma-

tion, FFT) 6�*)0,!% ,'2" 73(;
<4 (Moving Average Filter, MAF)#125./#
6��0=3(;)0G4*%7/�% 045
)*-Æ. 8+46>3 Matlab 86,  9Æ�
(79* Matlab +4'�4'578*% -Æ
)+*�:9'+4;:. ;:*88:'" -
Æ�1</�,!67,?;9<**!(=���
���5@(")0'% A>(45.

1�8B<=9C

1.1 HIJKLÆM
������+&)004%!�#+& >#

D�)0�/,>*! . %���*?:�@:
*%7�G��, )+'��A)0!'! =*
:;, > +&)004;<'%%&. 4 1 ?

</+'��A)004'! A@, �$=�1
��� 10∼200Hz, $�1� 0.2∼2.2 kHz, =�1
� 0.01∼20kHz.

DTPP+4(>>%?)0042,(=:B!
�@?E?'?@2,920+& >$�G���
!$CAA-?)0'A@,,)*D�)0,!1
�% 9@A. �������@)004�B,
A6>@A'�, �$D�)0� ADC (Analog-to-

Digital Converter) DB("B?' 16 2CC B
,A). ()0>>F1, �B? ADC ("%D�
E, EG"���$!'���E  , F*+)0
B5�C,A@A, 2D,!!3./�)*, B5
G��

V =

⎧⎨
⎩

DHL

32 767
× 10, DHL � 32 767;

DHL − 65 536

32 767
× 10, DHL > 32 767.

(1)

�$ V �F�!' ADC ("�EC, &2� V.

1.2 NOPQHIRSTUVW
*  ,!�D3;HB?�' 3#3E�

�#H,3E* >, *:�+&IDEA#+7F
E#F43;(12 >GF* [7,8]. ������
�@)0�2G45  ,-F+4,.( %31
' FFT#AMAF#125#6��0=3(;)**
6�*)0,!% 9HGJ.

1.2.1 X+YZ FFT RS
4:525�H7+  G2G25?�G'

6�, 3  H;#IK#<4% LIM�J�5
7. % Cooley � Tukey IHG<'91/�N$
ÆJ/5@./J, �I%  3;$KJ '%
 6�LH. ������'K+#"M!�0,
N 500 km 'HI'LOM, H��)K�KN'�
�L3 [9,10], ��  ��G�G,!3;, '2%
���("  �1��L,+4,.HJ +'3
1'' FFT P),!% )*.

%�)0�O!PF9@A',+'31'*�
'./)0Q,+',-F*�31'M0'JO*
�,!M!% .

, fs ���(%', f0 �JO% )*'
�'31', Ppack length �&!)0'!Q,, P
*�M1'!) Ppack number = fs/f0/Ppack length.

,I%)0NQ� Ddata seril, Ddata pack �AH
!1O)0, (=K+ Ppack number H'NQM1
Ddata seril[ ] = [Ddata seril[ ], Ddata new pack] !B?
R�'(%0, N!,! FFT 25B?�DH,C
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L 1 ������RMO�NSS����
Fig. 1 Single frame data composition of induction magnetometer in different modes

Aamp fft.  P'(==3M1)0!H331'P
�OQ0, E f0 '��� 0<f0<fs/2. (5@� 
$, %�./Q&Æ'PA, ,.K0J / 0.5Hz

'31',!./ (M1 25 !)0). 4 2 )*/R
>� 200Hz, 0.1V '  2, 31'3;� 12.5, 5

� 0.5Hz '�D.

1.2.2 MAF RS
73(;<4�H7Æ�*QTAUS&RL

Q=FE'6� [11]. +4,.* FFT'�D)0,
!73(;<4% ,,(;H)�R>'TVC n,

I%H,D)0� Aamp ffti,73(;!'�D)0

Aavg fft =
( i∑

j=i−n+1

Aamp fftj
)/

n.

4 3 ?</H!!3J  FFT A>G=73(
;<4% %!'*Æ.%4 3 HR, (;DRW%,

*  SQ?S'(TG W7),WÆ�G0U�
  '1H8,.

1.2.3 [\]^_
�./+'3J  ('�'''125C,$

%)*6�!()X1<�#=S0�� FFT D3
;�* [12]. %�-.("  �2G'45)0,

-F+4,.( FFT D3;�,!125./.

FFT D3;��2G0�G'*�YV, �T5�
�Z[  TF2'2G  TA.������-
.�!U3J'2(")0,TF'V3J45�'
H2$1,-F(F2$1;V3J2G  '12
UTH2W��1''.

U,!3JR>'�  , �KX2G  �

x(n) = A cos(2πfnTs + ϕx),

y(n) = B cos(2πfnTs + ϕy),

z(n) = C cos(2πfnTs + ϕz),

n = 0, 1, · · · ,m− 1. (2)

�$ A, B, C 3;U*V3J  +'�''H,,
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L 2 Y�VRM����Z. (a) 12.5Hz,

(b) 5Hz, (c) 0.5Hz

Fig. 2 Spectrum of different resolutions.

(a) 12.5Hz, (b) 5Hz, (c) 0.5 Hz

f �  '5@�', ϕx, ϕy, ϕz �  'V@1
2, Ts �(%US, m �(%0). * x(n) ,! m

0 FFT B?'KX�D�

X(k) =

m−1∑
n=0

{
x(n) exp

[
− j

(2π
L

)
nk

]}
= Axke

jϕxk .

(3)

�$, Axk � ϕxk � X(k)'H,012, k = 0, 1, 2,

· · · ,m/2− 1. x 3J'12�

ϕxk = ϕx + π(1− 2/m)(fTs/2− k). (4)

' * y � z 6V./B?12

ϕyk = ϕy + π(1− 2/m)(fTs/2− k),

ϕzk = ϕz + π(1 − 2/m)(fTs/2− k). (5)

L 3 RM����� MAF ��WW. (a) W�X MAF

�����V�
�Z, (b) �X n = 5 � MAF

��Y��V�
�Z, (c) �X n = 25 � MAF

��Y��V�
�Z
Fig. 3 MAF processing results with different average

points. (a) Frequency spectrums of three component

signals without MAF, (b) frequency spectrums of three

component signals with n = 5 MAF, (c) frequency

spectrums of three component signals with n = 25 MAF

-F3J**L$'125�

Δϕx−y = ϕxk − ϕyk = ϕx − ϕy,

Δϕy−z = ϕyk − ϕzk = ϕy − ϕz ,

Δϕz−x = ϕzk − ϕxk = ϕz − ϕx. (6)

20� (6) H\,   **L$'125X0
V@12*<. -F(+4,.2, H(=*  ,
! FFT % !B?'12C,!Y&'1ÆM/,

B?V3J$'125C.
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1.2.4 `abKcdHIefg
�D�*[�0,!=3MW, +4,./*

6��0'H,..Z4'-Æ. I-.*)0,
! FFT % 2, AA+4Z#�[\J&�03E
)*R>-Æ9PFV3JR>'�'C, GF*�
�0'H,C@A�X]2J,I)0!% XY2
Z<45[)*..A>. , Ascience data{i} �� i

!D�)0!'H,D)0, fx �R>'6��'

C, fs �)*'�'31', PX]2J Xave(i) =

Ascience data{i}(fx/fs + 1).

2�[\]\Y^

)04% +4!(HJO% )0')"0
4\G:, HJO)*3J#;<#FFT 73(;0
), 6��0=3)0�31',_'45)*\

L 4 ��]ZY����� (^`)
FFT(hN) � n = 25 � MAF(aN) L�. (a) x, y �V[_`,

z �V_` 20 kHz, 1V 
\�. (b) x �V_` 100Hz, 1V, ]a 0◦ ��;

y �V_` 100Hz, 1V, ]a 30◦ 
\�; z �V[_`
Fig. 4 Waveform after data analysis (upper, middle), FFT spectrums (left lower) and n = 25 MAF results (bottom

right). (a) x, y without input, z with 20 kHz, 1V sine wave input. (b) x with square wave input of 100Hz,

1V and 0◦; y with sine wave input of 100Hz, 1V and 30◦; z without input
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G:, 2(GF'1</)9)*'/))*:.

(+4�.$,JO*!)0������5�
)0,!,1. �$, �H!)0������� z

3JR>�'� 20 kHz#H,� 1V'&]4, x� y

3JO  R>'(")0;�B!�������
' x 3JR>]C� 1V, �'� 100Hz, V@12
� 0◦ '64; y 3JR>]C� 1V, �'� 100Hz,

V@12� 30◦ '&]4, z 3JO  R>. (F
�.^4A("B?')0!G=)04% +4
-.?;, B?R>45#�D( n = 25 ' MAF

% 45, -4 4(a) �4 4(b) 8*. �$V4bA
� FFTH,D,cA�G= n = 25073(;% 
' FFT H,D45.%4 4HR, G= MAF % !

'H,D+^_2  ']C$Cb  L^IM
c_.

4 5 )*'125��B!�.)0$ x 12
Æd y 12B?'5C45. %�R> x V@12
� 0◦, y � 30◦, -F x 0 y '125� −30◦.

R>  � 100Hz 2, *�.6�)* 100Hz

0 1000Hz �0'V3JH,C,!=3MW0Æ
M, A>-4 6 8*. �$ x 3J� 100Hz '64,

204:5`)<_G� [13]

f(t) =
4

π

[
sin(ωt) +

1

3
sin(3ωt)+

1

5
sin(5ωt) + · · ·

]
. (7)

L 5 ]a�� x � 0◦, y � 30◦ ����
Fig. 5 Phase difference (x is 0◦ and y is 30◦)

L 6 d^��``��_
Fig. 6 Continuous data of specified frequency
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HB 100Hz �0# ]C 1V '64HCN�
1.274V; 1000Hz �0'HC aC� 0, 5@�.
C� 10−4V; y 3J�&]4, -F 100Hz 'HCN
� 1V; 1000Hz 'HC� 10−5V; z 3J3*  R
>, -F*U�0H,;MC, � 10−4V bc. HR
5�)00 PC1C.

3�ea

,./H70 �������+&,.')
04% +4-., (= FFT#MAF �125*%
7/�% , (2G#�G*)0,!/?b3;.

+4\GY&, 45Q>IMJR, -Æ=#, G=
5@'D�)0,1M!&U,6*ba'0�&�
5 &, �+&'`.,1Gb/fa.

ij bcc�egd	dcckdh�ei, je�
fed	���
���Æf�kf.
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