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Fig. 1 The received signal waveform interfered

by motion induced noise
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idea diagram

B3 EshgrEmeRrEmER
Fig. 3 The block diagram of the motion

noise fitting program

filx) =a;,+b;(x—2a) +c;(x—ax)* +
di(x—x)°

i=0,1,,n €))
Hrdria,.0; v vdi 2 dn DRFIREL

SRR 2R R — SR (EL 0 o 7E X R B R
(e seye) Z 18] 0P 6] 9 = OKRE 2% 2 00K (8)
EEA BN v 200 T A& AR o M —
7 0 5 R 6 5 2 T i 2 T A R s R A R
AR A B 5k 07,
2.3 BHEFME

B AN eR RO D RO R AT = UORE AU
A

L1

P (= D)+ = p) | A da
)
Ax) =X < o< xin
i1=20,1,,n—2 (10)
Kb p VPSS Gw WAERANE DI E;
xR X S ANTEER £ () SR BEA R ()
) B A (o) 2 J Bl i R G A 2T i R
M5 Aok . T LG B (5 5 B AR 43
HOAFENEACEE SR B v =1.4,=1,
2.4 EEZH
&l 3 JE/R 1AL ST Labview 11z gl 1



96 PRI AR

45 %

F M —— WS
> 1y
B
R Lot I IN LAy ey i I
g ¢ (i
£
<
-1+
0 0.2 0.4 0.6 0.8 1

Time/s

B4 45 ARIEE SR FEB A G AR AT
Fig. 4 Comparison of the effect before and after

the motion noise suppression

of simulation data

1E+0 ¢

1E-1]
1E-2f
1E-3 |
1E-4]

Amplitude

1E-5§

1E-6
1E-7F

1E-8

1E-9:“““ —_— ————— R |
1 10 100 1000
Frequence /Hz

B 5 A5 AHIE R E R TS 690 IR A AT
Fig. 5 Analysis of amplitude—{requency characteristics
before and after noise suppression

in simulation data

LR A o i AT O U s T AR AR Y
BARELXLY 1AL n AR B4 T R A A
BN me AU DX TRDES B 5 RO B8 800 s KR 2%
AV R0 p.

3 PiE M

3.1 HEHEHERG

T Ao 0 AR BRI B UE = R S L SR X
i I MR FE I JS BRSO o 6T DR L e g AR HUL KR A A Bl
HLME RS A Rl fin A 1 Hz.2 Hz.4 Hz.6 Hz.8 Hz il
10 Hz Wiz sl 75, ) Fe I A iz 3l e P i Js 2 1y
ity 2 ATt 2 34 T AR A MR L | U 1 R DR L ok A3 A
F AR

ML 4 hal DU Y 03 3l e KBRS 22
LT, W AR T A T AR . &5
ik A Sz R Hi e 1 i R B B R A S 8 A it
& BAEA WAL EH N 6 A~ B R I E B T4
5T AR 2 C RN HFE ARG Tk L Ris

1 HABBEHHFTRFEEFGRL
Tab.1 Root mean square error and signal—to—noise

ratio of simulated data

RMS/mV SNR/dB
S 0.54 55.2
M R R S Bl e 213. 45 5.1
LBRIB Fy e 0.82 54. 8

F2 ARG ES) R F MR AL
Tab. 2 Motion noise peak attenuation ratio

of simulation data

AR /Hz 1 2 4 6 8 10

WE(E L 48 42 35 30 26 22

ST RS S B BE . AT LUR L RS S
AR 3 Sl MR P S D T A A 98 90 M L B A R
e IR E) T HAR A S H R .

1 gy 7B AL RS H RS R 38 T
ARR 25 FE MR 1L L I 32 2l M P 400 o) 75 24 A% 0 38 0T 1Y
SR MBS MR 5 L 3907 BRUR 22 32 i A
WL TR . N = ROBE AL 0 L BRig gl e
Ja B T7 BRR2E TG M L COE T 1 RS £ 5 1
. 3 1 AT LA A SCER A O 15 0 26 Rz 8l
Wt P A B B ROR

R 2 G T NAS T YU AT Sl R ) U T
Fe. MR 2 ATl 1 Hz B2kl ik 48 dB. i 10 Hz
s A7 22 dB, Bl B 4030 A R Az B
AR AT O+ A B P L ol a4 A 2 el A D w3
Feb S Xt iz Sl W T PR B A 4R Y
3.2 HESHMTM

I = CRE 25 5 O IR A T A 250 p R
PG X Bz 3 M B e HOSOR L p B E
L AU i 2 A A KO R 3T p (ED B R S % L X i
AR P 0 BE R . 6 R T = AT
P AEHEATIZ LA £ WS BE S . AT WL p B
/N AR Bz Sl WP 1 s ] fE T B
3.3 ERABIRN

FEREAT P 25 M 22 BT IV G W 8 8 A s AR
BALE X B, ko, BRI (R S0z B e 7 5 S
P AL 0 S AR A B L R 2 R



FLE R LA LI KR ALS B EE S R B 97

144 #
1E+0 g
IE-1g p=1B:0
1E-2F p=1E-7
R e
8 E
B 1E4f
£ 1E-SE AU\ ey
2 M
o O TR L
1E-7|
1E-8|

lE_(): L Ll L Ll L Ll
1 10 100 1000

Frequence / Hz

Bl 6 R R FA A S A 45 B A
Fig. 6 Simulation data spectrum curve fitted by

different balance parameters

I.OE+O§
1.0E-1}
1.0E-2
1.0E-3
1.0E-4}
1.0E-5}
1.0E-6

1.0E-7¢ fl \ ‘

1.0E-8L L ‘ ‘ ‘
20.004  20.008 20012 20.016  20.02

Time /s

Bl 7 RFEE AL B R A

Fig. 7 Simulation data attenuation curve fitted by

Amplitude /V

different annihilation points parameters

SRo BTLL R R TE R IR B G B A5 U 25 RS Y B0 &
FRGEH TR B . W B AR 2 0 & W]
ARG B 1 /N — 28 (0 0 52 H AR BRE R, ) e 2K
—e, & 7 JRR T ORI R (EBLA SRS I R
Uik i £k » Clear R 36 JC W () K Hu i B2, 24 £ =1 000
B MG S A R Sk T R s SR,
TR A b e i, 5 9 T 4 1) W A5 5 O LR DN

23 T R R BRI PEM KA . RS TR
TR AL S IR S 0 B A 5 1 M L R AR k(.
PEHE X {1000,2000 ) X [ 19 B 3 15 5 AR 4 =X (5) e 3
SAE M L L 430 R R G X JR] (g =410) B 3
M, (g=1 000) MIfE MR HL . 4 k=1 000 B, 958
1 e 00 3£ e B SRy s O R e i A
55 B EAT THLG 2 k=1 400 B, FHiE
AT IRAEMELL 2 k=1 600 [, B 31 38 3R A5 fe K
A M EE L 2 & gk 38 K LA X B0 dE o 2
SEE MR R M. BT AT AR 95 030 A £ I B R
Tk kAH.

R3 FRZEEME T RG ARFEGERL
Tab. 3 The signal—to—noise ratio of different annihilation

points fitting denoising simulation data

TSk 1000 1200 1400 1600 1800

SNR(g=410) —4.5 3.22 4.80 4.82 4.71

SNR(g=1000) 30.9 41.1 41.5 41.3 41.2

0.8

— E M £ 5

> 04
L3
-5 0 il i tillllin! Ll i
=1 il i
E Loaf

-0.81 ‘ ‘ ‘ ‘ |

0 0.4 0.8 12 T ;
Time /s

B8 5o AR SR B B R G AR AT
Fig.8 Comparison of the effect before and after
the denoising of the motion noise

of the measured data

1E-1¢

r

1E-3f

1E-2

1E-4 .
1E-5 ' w" “‘ ) |:

1E-6;

Amplitude

1E-7]

F EWERT ——— EBJE
1E-8 I el
1 10 100

Frequence /Hz

T |
1000

B O AR SR K IR AT G 6 A
Fig. 9 Spectrum comparison of measured data before

and after motion noise removal

4 SR R

N T K5 A R 4 IFTEM &
G5 72 W SRR DX SR 1) S0 50 R AT T A8 3 M B
WG AL B, IFTEM U 5 2 B0 65 . & 5 345 N
25 Hz, % $HRE% 50 77 Am” REEZ S 100 KHz,
o JE WIEE R 2 000 4~ on— time 7 4. 3 ms, &
Bk 120 m, &AT R N 200 m. I RS M R N
150 m, =RHEZBEG RAMSEL PR p=



98 AR L H A

45 %

1~8, ¥ i k=1 200,

8 45 Y T S I KA A A7 15 Bl Mk 7 A K B iz 8l
MEFE IS 2 s BYEE )Y 51 L B9 X B T A R AR
PR, B 8. 9 af LUE Y, & {5 5 11123 3l e 75 AN
SRR MRAR Z AW B, i i =Rk
ZRANE T X I8 g R RS R AT 25 BR L AT LA B AR 47 1R
i F A M 7 ) ) IS PR AR T A RO A B e B
ik, M 7S ) BE T I R A A G 0 T 0 s . 5 Hz LA
T AR B R ) ARy 5 T4 .

B M = U 25 UL T 95 %) I TR sl A 2 P
T0HE 1 12 Bl RS AT 0 A 0 e g A B S I %
P B9 05 FL 0 Hr AT AT 2518 - Ok BLVE B9 =k
ZRANG 257 T AT LAAT S5 AR iz 2l e @1
P 25 W5 12 1 400 o) 8 g 0 R P T AR RS B S AL
WA L 3 T AR 2 MAC R Sk I sl A3 0] 488 g B 1
W LA 45 09 s © 1 L/ 1 35 45 2 50nT L3R A
D B4 50 5 @ PR Ay I T] Jel L i 9 T 2 56 0 off—
time ¥ AL A G B P A5 e LU O BOVE A O 5 R A
WL s O BT S B 1 5 %) s B A R 1 IE )
KBRIUNEE BIWA G WA HIE S .

S E 3k

[1] BUSELLIG,PIK J.HWANG H. AEM noise reduction
with remote referencing [J]. Exploration Geophysics,
1998(29):71—76.

[2] LANE R,PLUNKETT C,PRICE A, et al. Streamed
data— a source of insight and improvement for time
domain airborne EM []J]. Exploration Geophysics,
1998(29) .16 —23.

[3] LEGGATT P B,KLINKERT P S, HAGE T B. The
Spectrem airborne electromagnetic system — Further
developments [ ] ]. Geophysics, 2000, 65 (6): 1976 —
1982.

[4] LEMIRE D. Baseline asymmetry, Tau projection, B—
field estimation and automatic half — cycle rejections

[R]. Motreal; THEM Geophysics Inc,2001.

(5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

MACNAE ] C,LAMONTAGNET Y, WEST G F. Noise
processing techniques for time— domain EM systems [ ] ].
Geophysics,1984(49) ;934 —948.

MULLEN L C. Three — dimensional mapping of salt
stores in the murray — darling basing, Australia [J].
International Journal of Applied Earth Observation and
Geoinformation,2007,9(2) :103—115.

MUNKHOLM M S. Motion— induced noise from Vi-
bration of a moving TEM detector coil : characterization
and suppression [ J]. Journal of Applied Geophysics,
1997(37):21—29.

SHEARD S N, RITCHIE T J, CHRISTOPHERSON
K R. Mining, environmental, petroleum, and engineer-
ing industry applications of electromagnetic techniques
in geophysics [ J]. Surveys in Geophysics, 2005 (26) ;
653—669.

SMITH R S. The MEGATEM fixed — wing transient
EM system: Development, applications, success[ C].
7th SAGA meeting,2001:143—150.

BISF AESOAN AR ZE R AL T SE B ) S A 2 L R 38
RGN kP ELT]. HBR¥ 4 ,2012,33(1) . 7—12.
HU P,LIW J,LIJ F,et al. The advances in the devel-
opment of fixed—wing airborne time—domain electro-
magnetic system [ J]. Acta Geosientica Sincia,2012,33
(1) :7—12. (In Chinese)

B B, R AL IE 58 2 0k T L A L 0B Bl
W 75 22 %o 5 ). 0 5 AL R 2019, 43 (4) . 892
—898.

HUANG W, BEN F, WU S, et al. The application of
orthogonal polynomial fitting method to airborne elec-
tromagnetic motion noise removal [J]. Geophysical and
Geochemical Exploration,2019,43(4):892—3898. (In
Chinese)

FERA AR AR YL, 2. I 1R A8 AL A £ 1
B R BR T AT 1. bR O 2 i (G Bk
B 2013,43(5) ;1639 — 1645,

YIN D W,LIN J,ZHU K G,et al. Simulation research
on coil motion noise removal for time domain airborne
electromagnetic data [ J]. Journal of Jilin University
(Earth Science Edition), 2013,43:1639 — 1645. (In

Chinese)



1 4 & FF R RABEENE S KR E B RLE B R B 99

[13] FvE. fias o wE T I 2% P8l iz ol M s 4 1 2 i 5 1 1l B2 pression technology of coil motion noise for airborne e-
AR5 [D]. K& . FMK¥,2017. lectromagnetic exploration[ D]. Changchun: Jilin Uni-
MENG Y. Study on characteristics analysis and sup- versity,2017. (In Chinese)

Application of spline fitting and interpolation method to

suppress airborne electromagnetic motion noise

YU Yang'*?*, WU Shan'**, XIAO Du'***, LI Fei""**, DU Bingrun'**, CAO Zhanhong'****

(1. Laboratory of geophysical Electromagnetic Probing Technologies,
Ministry of land and Resources, Langfang 065000, China;
2. Ministry of Natural Resources, Institute of Geophysical and Geochemical Exploration,
Chinese Academy of Geological Science, Langfang 065000, China;
3. National Research Centre of Geoexploration Technology. Langfang 065000, China)

Abstract; The motion—induced noise with low— frequency characteristics is due to the variation of the motion of the elec-
tromagnetic receiving coil in the geomagnetic field. In the fixed— wing time— domain aeromagnetic measurement data, the noise
amplitude often reaches hundreds or thousands of times the valid signal, the accurate estimation of motion noise in raw data is
the critical research direction of time— domain airborne electromagnetic data denoising technology. According to the characteris-
tics of electromagnetic induction receiving the signal, this paper firstly applies the cubic spline fitting method to suppress the
high— frequency interference and extract the low — frequency moving noise information in the intercepted semi— periodic late
signal, then, the continuous full—period motion noise is estimated by one—dimensional spline interpolation, and the estimated
signal is subtracted from the observed signal to suppress the motion noise. The results of the application of the simulated data
and the measured data show that the spline fitting and interpolation method is effective in suppressing the motion noise below
the transmitting fundamental frequency. The noise suppression ability can be improved by selecting smaller equalization param-
eters, choosing a large delay sampling point can reduce the damage to the late useful signal and improve the ability of deep de-
tection.

Keywords: fixed— wing time—domain AEM method; data pre— processing; motion noise suppression; cubic spline fitting



