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Abstract For the near-surface FDEM instrument, we review its principle, features, applications
and the development trend, particularly the reliability of its applications. We discuss the
reliability issue of this instrument in three aspects of the hardware, software, and structure,
respectively. We illustrate the new technologies on near-surface FDEM instrument exhaustively,
including the progressive embedded technology., simulation technology, parallel processing
technology, wireless communication technology and distributed design technology. We point out

the improvement of the integrated level, power consumption, precision and processing ability of
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the system, which represent future research directions of the instrument. With a novel design,

the near-surface FDEM instruments by combining effective technologies can be further improved.

We expect that this new instrument can observe deeper targets, and has higher resolution than

earlier instruments. It will be portable and easy to operate due to its small size, with power

consumption comparable to a smart-cell phone.
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Fig. 1 Principle of electromagnetic induction

in FDEM instrument
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Fig. 2 Concentric receiver and transmitter

of FDEM instrument
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(Nabighian, 1988; Won et al. , 1996, 1997; Won,
2001;Huang and Won,2003; Huang, 2005; Fraser
and Hodges, 2007 ; Wright et al. ,2008).
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Fig.3 Elongated receiver and transmitter

of FDEM instrument
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SRR A A Y A B 4% X R 3 FDEM (U 8%
ARG, FORBARXS 58 3. SR 0. o B 00 5 45 X0 b 32
FDEM {80 % 30 4 562 5 B B 18 2K 5 2 wF ol 3
ATRLSE LAY B 2T L S T R FR R
b AR KA 2% M Xl R R A T R 1A
Fo = E = e o | AWl N (O (O AW i
FDEM {3 4 2 55 #b 7 [ 75 31X 7 181 f) 5 k.

4 5 PR X T H R FDEM 0] & 1
77 T 1) R

{485 300 3% FDEM AR5 A A 3t 2R 4y 24X
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A —FE T I A 8] WF A B A AN 4 ) FR
AR S B AR R A T P B 3 N A TR A S
ol P A 2o AR A L BV SR 1B L. HLER FDEM X
AT B2 B F IR R AT PR R, X g
ANF T F 3 B s 5 4% 5 A e, 7 2 HLOA AR o
1) A5 3 1y P O 75 325 2005 5 il HE 8 45, 2007).

L3R FDEM (U388 T/ F i & 1 A
FIT IR VAT B I A0 W] S PR 1 50 4% b 5 ) A B sk
PRASCER PPAL 003, TR I o AN 2 b BR P BN AR A I
Tl 3R A A g b i 05 485 20 3R FDEM A, 45
BN G AR FE 2 7 T E  R A B A L B B AR
i B RS TS A R AR AR 45 20 H 2 FDEM {48
I A MTBF MTTR 4§ 0] 5Pk 48 ok 2 T ifF — A0 48
THS AT SEVE 7 2 T SE PR32 T (45 o s 5%
FDEM X &% AT LA 3 B3 & 2K 55 45 45 23 0] fiL il 1
ol A2, ST FE T HE T L 0 2 DM 45 =X
FDEM {X & W RE: R (28500 55 7 1 2% &
4.1 EHIZITAEY

H AT AR 2 b 3k P 2R 38 AR R i A X R G ik
i, #5502 FDEM {0t A 4] 51, i ik A X
EY WIS I PR S E N5 o S E R - a S 1
PR EE AT #5 T 3% FDEM {881 5 B8 1%
FTEZTCIFRE R D) RE S BN HGASE Jr T i THR T

WAL BT IF i T R A AR 2 Fh Oy 58 b ik
B AT SEM 7 2. DAEHE R 3 FDEM {5 (19 AT
HE PRI TS BT A T A AT R R R
TE A BT LA/ O 1 B RE 6% £ T T R (22
5199232535 ,2000; Yan et al. ,2014a). 2) ffi #E X
e FDEM AL 2836 5K i 2 8 A48 b o 8] Ut 2R 438
SRR T 1 R AT RE 23 52 ) e 28 1 R S R S B[ g
TS L B R IE R TAE. DR E i FH AR
R J LB — AT Be ml LISk AN R 7 58 UL &
BRI o3 A5 S I Th e S AR KRR B E R TH AR Y
AEEVE. DB T — A F RGOSR EE R R
I e S AL LA R H I T A IR g R IR
FEL G A 0 [RT e 0 20 A BG4 3kt AT Rk
4.2 HEFITATEYE

fii 4% 23 % FDEM s i B0 4 55 ik A
A FNAE 2 B B U FPGA b (AR5 5. K
P ] R P I 0B SR AN S5 A5 A A A 25 b B T
[B] R — S B B B T BT AR BE T E AR f
b A A R B A T S ) R 2 S B TE
TE B 5 e AR A A R Y o R

P TH i 48 53T Hb 5 FDEM {3 2% 14 5 (8 7T 52 ¢

F AT LSRN 1 - S S WO A T4, 1
I 7 B ek D R PR B R R A R R R A i
TR P AR A TE 97 45 5 48 TH R0 09 AT Il v R
PR G i al dE Bl i L 5 TS 4 (2
T +2000).

4.3 SEWIEITATEN

S S5 A BT b B 4 i s 3k FDEM X
TN T R HL AR R R T RE T 1 = 1) B i 2
Fa g . 18 b 2 sh 0 b s S B8 3 o R
FDEM {5 0 19 AR R 43 85 48 452 189 o0 1 i 7% 45 1%
B, AT B 1k 3k S ) B SR AT 45 R 5 T T S
F RS AR T L.

SR N ) TR G O e POV 2 1 SN s )
I MOS 48 OB A5 e 45 5 8 1) [ 2 5 45 4 B
TV AT EBCEA L ey B 5 08 e % i B
FH %5 (2535 ,2000 5 XS 25, 2004) . 7 3E 24 14 B g A
DL JE G A — 283 J5 U R © A B4R R A 3
AV T ok R sl — 28 55 0y B 3 o i ) B 1 )
(Yan et al. ,2014a).

5 FrHiARXHE 4% ik e K FDEM X
(AL

HEA 21 thad ok . DL AT HL R S Al 7
AR T AR IF B & 25 A~ v L & B T IR
AN BRI DA A 2B AR 45 S %0 1 B R K 25
HE— A 0 85 T Hh 3% FDEM (X 8% 1 & J2. ix 4t
K BLRIUAE 7 A T S S LR B R R
B VEHE b B A O R A T I
5.1 AKX ARTERBZM

HhC b B e E T 45 20 L R FDEM 2%
(14 S B Ak BRLE 7 BRI RT 2 114 b R 4 B S Ak P
g X86 4bHE 2% DSP. ARM, {H % W, i i J& PC104
ZRAEY X86 Ab AR, M4 A Ak A0S A A ARM
R Z M B FE DDR K
EfEfEE O AR R IR ORISR . KAR
X86 LAY AR FER R IR I R IR FEE S L2 —
46 ARM 8 Frilf 5 24> ARM # fil DSP 4b 38 25 #%
AbFREE J7 A H 5K DI FE R H AL (Yan et al. ,2014b).
YR/ ARM [ b BERE F7 F0 40 75 ik i ) 58 4
Al DLl 2 (8 4% =X e 3% FDEM 2% 75 5K . [ it
ARM Z5 it A2 Fr 58 4 2 8 5 20 #h % FDEM
XA B BT B AR 2 5 2 BT (A5 R B A
JE O R AR 2 WAL L A R R A A s
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TEA— M E 3 2 H 35 FDEM X #8 5% 48 5 I {8/
—A~ ARM ZE A7 508 A0 4 B2 5 45 1, oK A s o ARM
R ) PDA S b WoR R g Wi e o i — 2P
R ARG B AR A I FE  $2 T B304 110 b AR ) LB AR S T
FEE.

PR 7 A5 485 2000 3 FDEM AR g5 HL AR 2
Bk B ES b, W] LUR A H AT ARM G R R
X86 it . F w5 U5 CPCT %% e
PC104 Hiky . DT $2 7+ 3% B 1 A28 B RE 1.
5.2 M ATERNFIE

FER ADL TIL 15 % 2 ) ot A4k T 58
GBI A L Y DR N N+ ) A [ BTl TN
b 1) 4% TR B 40 2% CADC) Fif 28 b b R ik 22 4 R

PN 2 5 PR BB A AL A% 1R EHE T W AR L AT
%) F I 75 ) R AR % A L nVP /Hz % 1 nV*/Hz,
FEPEAT RO 5 18 BB B DL e B B S R R £
BT BE B A R AR 75 R ) RE T AR, (] B i 4
HEAR Z2 BT T EL AT DAR A7 8 400 H Y 3 3 2k 7 L 41
S U T O B R Y 25 I I g 0 B O LR
PR 6 R 25 i Bl 4 1 JC A B L BT O B LR T T
BT I T 2R R B ) 3 4505 465 200k b % FDEM
ICES BA5 5 R BT P MR RS R A A R R
e BT ] SRR TR /.

Geophex 20w (1 F 5177 i GEM2 R H 1 )2 18 bit
(1) ADC #8411 B P H A — 223 112k A Y2 24 bit
i) ADC #8443k ,2012; Won et al. ,1996, 1997). ADI
AHEICAH T 32 bit A5 E ADC, ADC A 30 51 %
FE3 SFDR,SNR J Ho Al — 2 5011 £2 T, £ 15 4
i R A TEORS 5 Lh i 04 45 5 R TR A R L
5.3 HITRERARTRMEIM

HATA BB A F 2245 L DSP.FPGA/CPLD,
GPU K Z AL B35 0 - 5 1 4 47 AR 55 . Bl 45 30T 4F
Sk FPGA/CPLD itk R 28 w4 #9508 R B o ik =F &
M oK A B IR 2 IR R TR £
AR TP Core, DSP ¥ 70 H: & Py 36 4 i ARM %,
FPGA/CPLD ith i N FH K 8 2 (Yan et al. , 2015a,
2015b). £ 45 303 Hh & FDEM {5 v, 1 5 — 4k
GG LT #E FPGA/CPLD 38 J vl DA AE 2 JL i %k
042 R SOES B o A5 T S AR % 2E B A0 R S

B ok AR BIAR AR T AT AR R Bl

Qb BB IT , 22 A F R () 25 b B 5 75 B8040 A B S B
T o M DR A R G 10 BT Ak R 9 ) R 7 A 445 X
iR FDEM {88 v, R IR AT AL #1071, s 8K

H B TR AR 5 A BRI R KRR FIXI G 4R, 2010).

DSP DL N Z % 4k 2 4 H F & fe dE 4 B, m B
B 5 3 S T 4 Ak B R B 1 B T L B A5 R LR 4
Brf. DSP K Z %4k #1458 v 50 6 08 45 X0 Hh %
FDEM {X &% o, S B 3 47 508 i Ak 21, n 45 s 3
PUTARYE Bl B T 55 R (0 {308 % 25 b K40 Ak
B 0 T DR B L AT 4R T O SR AR Y 0R.
GPU JfA74b #EAE J7 5 i, ol LA TR i i i 48 X
iR FDEM {045 i 00 H BH 36 G 5 3201 30 02 i
LR EL S DT B AR I TR
5.4 TEBEERATROEN

H HI TG 28 R &R N ok din 5, WEL, Zigbee,
Bluetooth Z& 4 AR H BLTE % 28 T-#la PDA . jx g
TCER B A B8 15 1 45 20k b 3% FDEM {4 8%
(T (45 LA 5% 15 48 i 26 1% i 10 o 2k 738 B A
T2k 97 ALK, I GEM2 ) RS232 &4 )7 7] LA
Ml WiFi, Zigbee % 77 30, WiFi # &t , Zigbee I
FEAIR FLAE ] AL IE B N A& 5 35 500 m & 5 91 38 , i
T 2H A 2% DR TG 1 B R 2 0 A5 i 465 X b
7 FDEM {25 1 A He fb ARTIAE A5 485 20 43 A 2007
] 2 Ji , i — 25 3 Tt AT S 5
5.5 HHmXEHENX AR FDEM (M H @S

W BLTHHLIT H 22 FDEM o i ) 240 2%, 304 1)
M3 4 3% FDEM L @ ) JRAL 2% i GEM2 5§ [5] £
TE T8 /D — YARAT LI ES 5 2D 490 ) e 7 g O IR A
BT BB R ISR AT o X R SE 3 R
A7 R ROk AR T A AR A5 hy R A 1 R 0 A
AP R RHER AT AR 43 A 2L i 3R FDEM L # 1Y)
BA AR5 (K X F5 % ,2012; Yan et al. ,2014a).

mE s iR, 2 6 H R —5 8 53] —
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i LA B R LR A e R B R A
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Fig. 5 Distributed near-surface FDEM instrument



4360 H Bk ¥ B % R (Chinese J. Geophys. ) 60 %

5 B T 4l {5 AR R L S X A 1 4 ) A0 K
ACER . X AR AR B B 3R B AT L8 — 1 3 [ v
SR il A 9 15 2 BEAT R AT L 1A R AT 1] B A B
[ AL, A7 54 T AR [ B R L B4R T i 11 ]
P B AR S B A 7 IR AR 7 AR

6 BZi5EY

FE F 4% 05 H % FDEM {88, h Fle 4%
/R (B2 28 [ G E B St s NS 1, 3 o S
—FEAE B AR T i A b B PR o 23 Sk R B
A B BRSFEHEAT 5. S B8 4 bl v RS T Sk AR
T 5 g 2 B0 ok 8 i A0 T e R B 5 3 L DA 4
3 FDEM {XE5 1 T SE M w2, 45 & B H R
B BB A B R B i A R B R
HATREBRHE AR TCL A AR B H A A I F 853t il
i FR FDEM H # #) #R AL 2% 17 & e 4R Ak R 2
FE R BE LS A FEAE 5 B AR E P S aE
P S5 gy R, B & 225 S5 2R 3R FDEM
NG 37 e Ll o R O N w182 & 7B LR Y
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