吉林省第十三批有突出贡献的中青年
专业技术人才评选申报材料
[image: image17.jpg]EALE S A OB W OB ¥ R Vol, 53, No. 1
201041 A CHINESE JOURNAL OF GEOPHYSICS Jan., 2010

. A BRI S EAPALZ TEM .0 B LI KSR IE MBS 5T. P EHR . 2010.53(1): 171~ 176,
DOI:10. 3969/j. issn. 0001-5733. 2010. 01. 019

JiY], Lin], Guan § S, et al. Theoretical study of concentric loop coils atritude correction in helicopter-borne TEM. Chinese
J. Geophys. (in Chinese) . 2010, 53(1);171~176,DOI. 10, 3969/, issn. 0001-5733. 2010, 01, 019

HFHAMEZE TEM fl [ & & B R SR ENEBICHR
MW,k B AR, F AT A

AR BRI MR AT TSR E/ N B TR T R, K& 130026

B F EETHLAME RN RS EEE RN RN R R TR LR R SR S R
RSB S RLZEOBERETH AWRHEBRRBETRESRE B FAMSKHLEREEHE
B AXERTRBAARELITAGEN L HET RORET WL TRZATRTROESEE EF
5 R K 0 A 2 02 2 A5 LR 0 T 5T 5 TR R e 9 A 00 R 1 B R
D BUBRTT T R B 20 A (0 X0 oL T R (R, 2 000 T 8 A 28 ) JL (T B T 3+ o 55 o R R 030 0 G b

B RIE T RIpHM,.
REE  TOER. AR, EREYN RBES JUERE
DOT:10. 3969/j. issn. 0001-5733. 2010. 01. 019 RES%S P63 RS EKA 2009-03-11,2010-01-07 U 2 H8

Theoretical study of concentric loop coils attitude correction in helicopter-borne TEM

JI Yan-Ju, LIN Jun" , GUAN Shan-Shan, YU Sheng-Bao. GONG Yuan-Feng

Key Luboratory of Earth In formatian Detection Iistruments \Ministry of Education «Jitin University .Changehun 130026 - China

Abstract During the helicopter time electromagnetic (TEM) survey, transmitting and receiving
coils fixed in the bird can be rotated by flight speed, bumpy. wind direction, etc. Meanwhile, the
coupling change between coils and earth causes the attitude error to TEM survey data. so it’s
crucial to study a correction algorithm of the coils attitude. Based on building up the bird and
earth bi-coordinate system, we determine the rotation matrix of variable transform in the bi-
coordinate system. deduce the calculation expression of airborne TEM response while the vertical
circle-coils attitude of layered earth is changing, and obtain the coefficients of TEM response for
the rolled and pitched coils. Through simulating the changing coils attitude corresponding to the
TEM survey effect, we propose a geometric algorithm for the attitude error correction, which is
the foundation for accurate processing and interpretation airborne TEM data,

Keywords Concentric loop, Airborne electromagnetic responses, Rotation matrix, Coils attitude,

Geometric correction
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Development and application of the grounded long wire source airborne
electromagnetic exploration system based on an unmanned airship

JI Yan-Ju', WANG Yuan', XU Jiang', ZHOU Feng-Dao' ,
LI Su-Yi', ZHAO Yi-Ping®, LIN Jun'**

1 Key Laboratory vf Earth Information Detection Instruments .Ministry of Education/College of Tnstrument Science
and Electrical Engineering + Jilin University . Changchun 130026, China
2 National Engineering Research Center of Geophysics Exploration Tnstruments, Changchun 130026 . China

3 Postaral Areas Water Resources Research Institute of Ministry of Water Resources . Hohhot 010020 China

Abstract The time-domain semiairborne electromagnetic system mounted on an airship has
outstanding efficiency, low costs and high depth of exploration. Using a 2D FDTD method, this
study analyzes the characteristics and variation rules of grounded long wire source airborne
electromagnetic responses, and the effect of flight altitude. A receiver is developed on an
unmanned airship, using a 32bit MCU with the Cortex-M3 processor, reducing electromagnctic

noise by placing a fully differential amplifier in the front of the analog circuit, and recording
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A wavelet-based baseline drift correction method
for grounded electrical source airborne transient
electromagnetic signals

Yuan Wang' Yanju Ji2 Suyi Li' Jun Lin'? Fengdao Zhou' Guihong Yang'

'College of Electrical Engineering and Instrumentation, Jilin University, Changchun 130026, China.
“Key Laboratory of Earth Information Detection Instruments, Ministry of Education, Jilin University,
Changchun 130026, China.

Corresponding author. Email: lsy@jlu.edu.cn

Abstract. A grounded electrical source airbome transient electromagnetic (GREATEM) system on an airship enjoys
high depth of prospecting and spatial resolution, as well as outstanding detection efficiency and easy flight control. However,
the movement and swing of the front-fixed receiving coil can cause severe baseline drift, leading ta inferior resistivity image
formation. Consequently, the reduction of baseline drift of GREATEM is of vital importance to inversion explanation. To
correct the baseline drift, a traditional interpolation method estimates the baseline ‘envelope’ using the linear interpolation
between the calculated start and end points of all cycles, and obtains the corrected signal by subtracting the envelope from
the original signal. However, the effectiveness and efficiency of the removal is found to be low. Considering the characteris
of the baseline driftin GREATEM data, this study proposes a wavelet-based method based on multi-resolution analysis. The
optimal wavelet basis and decomposition levels are determined through the iterative comparison of trial and error. This
application uses the sym8 wavelet with 10 decomposition levels, and obtains the approximation at level-10 as the baseline
drift, then gets the corrected signal by removing the estimated baseline drift from the original signal. To examine the
performance of our proposed method, we establish a dipping sheet model and calculate the theoretical response. Through
simulations, we compare the signal-to-noise ratio, signal distortion, and processing speed of the wavelet-based method and
those of the interpolation method. Simulation results show that the wavelet-based method outperforms the interpolation
method. We also use field data to evaluate the methods, compare the depth section images of apparent resistivity using the
original signal, the interpolation-corrected signal and the wavelet-corrected signal, respectively. The results confirm that
our proposed wavelet-based method is an effective, practical method to remove the baseline drift of GREATEM signals and
its performance is significantly superior to the interpolation method.

Key words: airship, baseline drift, electromagnetic signals, grounded electrical source airborne transient electromagnelic

(GREATEM), wavelet analysis
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Introduction

Airborne electromagnetic (AEM) systems are designed to survey
large areas, and have been used widely in groundwater resource
studies and mineral exploration (Fountain, 2008). However. the
depth of such investigation is affected by the transmitter—receiver
offsets. To increase the exploration depth, a semi-airborne system
using a grounded source was proposed in the early 1990s (Telford
etal., 1990), and was further developed by Elliott (1998), Mogi
et al. (1998) and Smith et al. (2001). The use of a grounded
source can produce a large source moment and establish long
transmitter-receiver offsets.

Recently, the grounded electrical source airbome transient
electromagnetic (GREATEM) system has been successfully
used for investigating volcanic structures (Mogi et al., 2009)
and coastal areas (Tto et al., 2011). In 2011, Jilin University
(China) developed a GREATEM system in which a remote
control airship is used instead of a helicopter. The new system
is more convenient to implement and is economic and effective
to carry out. However, due to its low-altitude flight, the airship is
significantly affected by wind direction and airflow, constantly

Journal compilation © ASEG 2013

changing the attitude of the airship. With the changes of the
gesture of the airship, the front-mounted receiving coil would
swing and cut the Earth’s magnetic field, causing severe baseline
drift in the measured EM signal, leading to inferior resistivity
image formation, and affecting the reliability of inversion
explanation,

The noise from the coil motion is one of the major noises of
the AEM signal, which could cause the baseline drift. resulting
in signals with a dispersed, non-stationary and low frequency
distribution. To date, very few studies have focused on GRATEM
denoising. However, with the rapid development of computer
and signal processing technology, many experts have made
great progress in the domain of EM signal processing. To
suppress the motion-induced noise from the movement of the
TEM detector coil, Munkholm (1997) devised a method based
on the availability of three-component measurements. Lemire
(2001) reported a basline drift correction method of ATEM data
by using the spline interpolation and Lagrangian optimisation
method, which could remove the low frequency interference
induced by the coil motion. Smith (2001a) determined the
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A study on time-domain AEM testing and calibration method based on anomaly loop

J1 Yan-Ju,LI Su-Yi,YU Sheng-Bao,ZHU Kai-Guang,ZHOU Feng-Dao, WANG Yan-Zhang,
‘WANG Shi-Long, LTU Huan-Jiang ;REN Guang-Qun,LIN Jun*

Key Laboratory of Earth In formation Detection Instruments s Ministry of Education  Jilin University Changchun 130025 . China

Abstract  To verify the measurement accuracy and effectiveness of airborne time domain
electromagnetic system(AEM) , this paper provides a method to simulate the underground finite
conductor using closed anomaly loop placed on the ground. System error and flight geometric
parameter error can be determined by the fitting analysis of the theoretical electromagnetic
response value and the measured data. On the basis of closed anomaly loop electromagnetic
response calculation, we study the relationship among decay curve, profile curve. the loop
electrical properties and the geometric parameters, and design a field experimental plan. To test
this plan, we do field experiment utilizing a crane near the DaEDao in Changchun, the final
results show that the average absolute error of the single measured data is 0. 48 mV, the system

relative error is less than 1%, the flight altitude error is 0.4 m, and the horizontal offset error is

EEWE WA 863 401 MATRHE S I (2006 AA06AZ05 - 200900354) BELY.

EEBA R M. 201972 45 B 1D 122 2004 A1° 1 b T AROR 7 MR B0 5 0 KL B AR €« MR T 1
W)U Jy 00 BF 5. E-mail :jiyi@jlu. edu. en

CERAEE M 4151954 G BRI T S AT M R B R R U OESE. Ermail lin_jun@jlu. edu. en

IR (] B 110 06 9 U0 S






[image: image8]
[image: image9.jpg]H56% B X ¥ B ¥ R Vol. 56, No. 9
2013898 CHINESE JOURNAL OF GEOPHYSICS Sep. 12013

ERYHE, BRLE SERRERSAREENEEB A ERE. BRYIEBHIR, 2013,56(9), 3145-3152, doi: 10. 6038/
520130927,
LiSY. Lin J. Yang G H. et al. Ground-Airborne electromagnetic signals denoising using a combined wavelet transform

algorithm. Chinese J. Geophys. (in Chinese), 2013, 56(9) :3145-3152,doi: 10. 6038/ cjg201309

7

BRI T RRHENEERTERR

EHRN . B, AR, BHEE.E O E, TEE, iy

HRESKRMUUBBERESTRE SRAFUBUESASIRLR . KF 130061

i B ETYEAONQEESARKVRAL. AAURREA BEE . SHSNEE VTRHERERE. B
ERZEXTHELR P CEXTSE. BEERRAG ASSK . BB LERDEEGTHERMALE
ZH SHETERRMERNEULBLEEH DHXB@RE. TETHAERS SNRE BREBE ATY
MEBRYEOREERGREE it ARRTARESTSHRENZRA L HYENRARBEREE &
FHEERESPERESHFSHIREATHER FASERERURSEAFT—EHRE Bt S22
H—MEAMEERE RBELSARESHEE KA ym8 M EFAESHBEMFEE. HANMESR
BEGSBETELES UREARMBEINES ET I RAEKRRE.RASBOAESR RARXEE
RABUBREHMERSE REVNSEFNERRE BE SIS RRMEME R MAMNE NRETTEEN
B GREVIVDEQHBEN SHEFHERFONHGR B HRAGROR = BRYRERS &
KA HTREAL, AHR, NEER, EHRE, BLREB

doi: 10. 6038/¢jg20130927 FESES P63l HH8 B 2012-12-20, 2013-05-20 Y 25

Ground-Airborne electromagnetic signals de-noising using
a combined wavelet transform algorithm

LT Su-Yi, LIN Jun, YANG Gui-Hong, TTAN Pei-Pei, WANG Yuan, YU Sheng-Bao,J1 Yan-Ju*
Key Laboratory of Earth Information Detection Instruments \Ministry of Education [College of Instrument Science

and Electrical Engineering + Jilin University . Changchun 130061, China

Abstract  Airship-based ground-airborne time domain electromagnetic system enjoys high depth
of prospecting and spatial resolution, as well as outstanding detection efficiency and easy flight
controlling. However, due to low-altitude flying is markedly affected by wind direction, air flow.
landform, and the difference of temperature filed around ground surface, the front-fixed receiving
coil would cut earth magnetic field, which results from changes of the altitude. track, and
gesture of the airship, and causes electromagnetic and moving noises. baseline drift as well. The
drawbacks mentioned above could lead to inferior resistivity image formation of electromagnetic
data, Consequently, to investigate methods of removing noises of electromagnetic data is of vital
importance to inversion explanation, With simultaneously occurred frequency band of valid

electromagnetic data and part of the noise, traditional filter technique or noise-removing ways
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4.2. 专利证书二

（该处存放专利证书的扫描件，可按证书的重要性排序。扫描要求：彩色；分辨率72-110DPI）
4.3. 专利证书三

（该处存放专利证书的扫描件，可按证书的重要性排序。扫描要求：彩色；分辨率72-110DPI）

4.4. 更多专利证书

（该处存放专利证书的扫描件，可按证书的重要性排序。扫描要求：彩色；分辨率72-110DPI）

5. 与学术技术水平相关的证明材料
（该处存放：与学术技术水平相关的证明材料。扫描要求：彩色；分辨率72-120DPI）
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