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Influence of Soils on Metal Detector and Modelling of the Performance in Landmine

Detection
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Fig.1 Configuration of metal detector coils.
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Table 1 Parameters of soils for modelling metal detector response.

xo [107° ST] 71 [ps] T2 [ps] o1 [mS/m]
1 1,000 1 100 0
2 1,000 0.01 1 0
3 100 1 100 0
4 10 1 100 0
5 0 10,000
6 0 1,000 WKLY O
7 0 100 i B o5
8 0 10 — iy 2 T
#£2 EBWUE—7 THIL 728~ 7V O A 2 kG R
Table 2 Measured magnetic susceptibilities of soil samples collected in Mozam-
bique.
+r T + W @ 465 Hz i3 @ 4650 2 T oOE  AEEE @ 465 Hz TIE#
+# [107° s1] Hz [107° SI] [107° 81 b L7z 2 JBWEH O (%)
2 BERP L (Loamy sand) 13.3 13.0 0.3 *
3 it (Sandy loam) 111 106 5 4.5
4 it (Clay) 1124 1098 26 2.3
5 Jit (Clay) 1177 1147 30 2.6
6 it (Clay) 561 518 43 7.7
7 T (Sandy loam) 2774 2728 46 1.7
*EAVNE TR DL R o Tl
L8 Y TV L CHREROWIE & 47 - 7 [17], [18)].
3 3
! (= 1000107 Sl 7, =115, 7= 100 15 | 512 1E Bartington 13 MS2B # H\w 72, Z D%
R 1 1% 465 Hz & 4650 Hz @ 2 FEWE I BV T 2
>
% : Xo=10x105 8L, 7, =1 s, 7,=100 us ; EBTAHIENTED. it, %Iﬁfﬁd‘ﬂfa‘f)h, WY
g1 Cets ; TOWES TRETH D, WE LkREEE 2 1TRT.
2 CF AN 07 = 'S rY: s - SHI e )~ 4 St el )~ RTINS
B TN o ; ZOWEIC &> THS Nz 2 BRHIC B B
e zlgny 2O EBFAROIBE R KDDL I LIZLY, K1ED
I N oo BEABET L. LoL, R (7) KOR (8) VT
107 1 B N o=lomSm § e 1 N - . .
1 e N e BRI % RESEY 2 OB BB EAR R O 3
0 10 20 30 40 50 FA=HE=D (x0, 71, T2) THEDIIXFL, TD

Time [us]

2 £ 1 OTEI L LFRELORHRILE
Fig.2 Modelled transient response of the voltage in-
duced by soils shown in Table 1.

WERMIH VSN2 B L SEBME T, ATy
TIROATERE A 712 L THH —EREZOFHRE
EBEAFHIL, Z2ORESICLYVEBOFELZ MO
5. OB ST~ A 7 oI ESNTBY
— A B O AT, BRAIISEAE R
BMERLD L, IWELE FRT B R BURAT R
FIEDIZ ) PEIREARRIC L VIFAN e EEY 52 5.

3. WERFTEICH D LEOTRKE

RIS B T 2RO B BIS T 5720,
WERERTHLEY V=7 ITTRILL /- 6 FEED

592

HE TR LN 2 R CTOHETH B 7290,
ZODORMEE PETE 2\, & 2 TRIBEHURA T
7D Cole-Cole E 7V [19], [20]
X0

/ —
X @) = T (13)
FHWA., 22T, x I IWREROFEKE, § 13

WCEENLENZNOWE B AR 7 O 54
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#3 WE LWL ) ko X (7) 08T x—5
Table 3 Parameters in Eq.(7) estimated from the
measured magnetic susceptibilities.

I I H# Xo [107? ST] 71 [ps] T2 [ps]
2 13.3 0.569 10.221
3 111.7 0.932 17.514
4 1127.5 0.579 10.425
5 1181.2 0.620 11.251
6 565.5 1.289 26.503
7 27777 0.461 8.004
3000
Sample #7
2500 A
9 2000 -
o
= 1500
2
S 1000 { Sample #4
&
S 500 A
F Sample #3
2 0 T Sample 2 i g
S -500 - D g
s “«
-1000 A TS
-1500 - - : .
10' 10° 10° 10* 10° 10°

Frequency [Hz]

3 MWEME & 0 HEE L 7R O 2. o 1k 2 8]
WHCTOWEM, FEH LI (7) THrenb
R O FEEED & 1 B

Fig.3 Frequency-dependent magnetic susceptibility

estimated from measurements at two frequen-
cies. The circles show measured susceptibil-
ities, and the solid and dashed lines are the
real and imaginary parts of modelled suscep-
tibility by Eq. (7), respectively.

DR, RERICL) AR FIEE =0T IRETH D
EHE STV [19]. MR 7 D53 AiIE, T3ED
RAESATI IR & ARAF L [23], — W% LIFOREIC
BUTIE S =07 CRENDBHMEEM AL CHET
RFELEEZONDL, 22T, 6% 0.7 LEEL, B
DOZODOKRAKAENRET S, ZL T, TNLONT
A —% %7z Cole-Cole ET IV TH-2 55 k%
AT RG22 Richter BIE 7V 24 Tido T, X (7)
DNT A= (HRTOWHIE xo, 1 BEEEME
M 7, 252 RARRFIEN ) 2RKOZ. ZokHIL
THE L7238 T X =8 %3 312, WHWIC Richter A
ETNTH RO NI BYAEHRRE X 3 15RT.

4. BRI L 3 EBENEORREICE

T3 CRD 72 H PRSP TR D /8T 2 — 5 X0,
T1, T2 Z’?‘%fﬁ(g) %ﬂﬂl/‘f:ﬂ%@""i%b:iéé‘z\)aﬁg
MEEDOBEICE 2 KD B, 22T, BICEHNFT—F &

Induced voltage [ 1V]

S:
Molg P
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Time [us]

M4 h=10cm & L7z&EDETHIIBIT D ERBIEM
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Fig.4 Transient response of received voltage induced

by each soil type. The dash-dot line indicates
a time where the metal detector observes for
alarming.
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B, TOWEDOR IV LIEOWHHRICL > TRE 2
Z bR s.
WERMTHY STV S SEENERIE, SEIH
MENDEFIZL > THRAMZEMOE L. Z OB %
BEAMZEN L TH O —~ERHBEOZEBLSDH %
EAHBZ-OMNEND L) IChoTnD, RICIHHE
§ B I H W72 RIEHRABE Schiebel AN-19/2 DY
&, BU AT KEMI to =35 us TH S [3],[19]. L
EVHEIZOWTIE, RETHRARD LT~ T IV#4 12
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yEY, EZEIANVERLHYVOLEWELLT
30V Eko7. R (8) 1B B BIMIER ¢ % to = 35
us &L, HE S OWiEE R OB E LTRELD
DEM 5 IIRT. BTOIIEICBNT, EZEIA N
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Fig.5 Induced voltage per turn at to = 35 us as a
function of the coil height. The dash-dot line
indicates the threshold for alarming.
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R Z LIRS 572012, @EFEARORETHhNIT
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[Maximum detection distance (MDD)| (&, GRH
& FERRICEBIEAREOMERE 2 RHIT T 2 72012 & {4ThH
NTVBERETH ), MHANZEY % TEICHE L7
B L ORI T THRATEETH 52 % llET 5 (6], [7].
3. TR OEH %47 o 72 H3EIC oW TH 20D GRH
& MDD ZllELTHY, TORMEE 418 [24].

MEICCRME L AE SIS T 2 2 EEEOZELICE
W, LEWHEEZBZLEEOHESH IO GRH IZH
BLTwE, 22T, £HBEIIBWTEBIZNES L
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R4 BFVE—7 TORBHABRBRIZB W THE L 72
% 1HET? Schiebel AN-19/2 ® GRH & MDD
([24])
Table 4 GRH and MDD of Schiebel AN-19/2 in
each test soil measured during the trial in
Mozambique [24].

T T GRH [cm] MDD [cm]
PMN PMN-2
2 0.9 39.13 35.88
3 8.3 49.88 31.98
4 16.6 30.96 23.92
5 18.0 39.99 28.08
6 21.1 37.41 26.26
7 21.0 24.08 26.00
60 — : : : : — 60

——e&—— Modelled GRH
———%-——- Measured GRH
50 4 ——=a—— MDDWPMN | 50
——A—— MDD w/PMN-2

— E
£ KA
S, @
= e
5, 40 - 40§
° k]
< kel
Q c
2 30 4 t30 S
E |53
{5} 2
© 3
o 20 A 20 g
g g

x
© 4o { 10 8

0 ¥ T 0
2 3 4 5 6 7
Soil samples

X 6 Mg LEHICE D Ground reference height, KUY
PMN & PMN-2 (23§73 %5 Maximum detection
distance

Fig.6 Measured and modelled GRH, and maximum

detection distance with PMN and PMN-2.
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(2, HEE L7255 2 SRR A5 o> i & JE TR
KEL Lo TWwB I En5, K (13) HD § DFEEH
BT ozl LB FHEELTEZLONS, T2
2T NHT I, WE LR O M IR 1w
WS, IERALE D 2 B OESIER IS, o
T FLBRTHS - EEZONL, L2L, 20O
59 I L Th, FEH RS REET hE
ROMEME Y GRH 251ET5 25 TE TV 5.
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B 6 Tld, PMN U PMN-2 &9 2 FEE O A
WEEAHWCTHZEE N7 MDD 3/ RLTHE. 20O
XX b, PMN-2 12479 % MDD 1%, GRH & #xf#k
E7oTHY), GRH zetHEE2EMET S 2 & I2 &
D, MDD I CE 2Rk EZ/RLTWw5, 22T,
PMN I LTI GRH @ E WA fr e 7> Tw
HZWERE LT, PMN 3% {0&BH M2 &ATH
D, HEOEEEZITICRELREEDS O %15
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FNLEBEGPLETH Y, TBICLDEENER
ez L BB L "R E WD, TEOmHEE K&
ML 72 R I o/ ExbND., Lzdo T,
YU INHT OFEEEFRE, PMN @ MDD (& PMN-2
OMDD k)b RERELZ>TNED,
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RERTIE, LD B EARAE R R UM = | ke
K9 % GBI ORI 2 8 L7z, ey
WG LT L 7R RIS T, I 3 %k
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VBN B DY, MO EERAGAEDOEKIIIT I BT
—ODONT A =5 WA EE L CEET S I & T,
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TLTHEEZRLZ. 202 AEBIIBNTHIELL+
DWW O SRR O GRH 253 L, EHlL
72GRH & k< AHT A R/R L. /2, GRH
I EOSE Y ETHRY I T 5 MDD &
WEhoTwbrZ b aRL7z, DEOfRELD, +
BORW B2 llE L, GRH 251#E 3542
ET, ZOTBEIIBIT 5 EEHFEAEOMREL N T 5
CEDMHRETH A, WA, GRH #FEWT L2 LT,
SR EHBE O VEBESF M O3 70 48R D BN % 47 - C
WBA, B E THAES 2720, MEREROE
B BEEOLIEIZOVWTORITON TS, 2 JFKk
e ommaRE i, mlRoOEE 2 WIERICHEEC
192N TEL720, AT L-FEEAVL T
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BB BRHIBE O 1 BERTAM <° I ¥ A% AE oD IR ASHH AT 2
5. ZOREE, WERINGE ORI L et om L
PHIFECE 5.
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