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Calibration and Field Measurements of a Scalable Electromagnetic Induction System (SELMA-RB) for Agricultural Applications
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Application : .. : : * Location: Selhausen near Jilich
| Approach 1: Calibration in the swimming pool
* Non-invasive fast soil mapping with electromagnetic induction and high depth resolution General test cases and requirements: " RX?2 " RX3 R | e Platform: sled behind ATV
* Can be used as a handheld device, in a sled or on agricultural vehicles and drones «  Varying the height of the instrument [1] Coil Separation 1.8 m * Field size: 230 mx 160 m
h - ' : :
i i I 1250 t * time: 90 minutes
Special Features « Reduction of magnetic material in the Soil _ S CueHEy
e . . : . . h1 EC, £ MGG * linespacing: 4m
Modular system, flexibility in the selection of the coil spacings, spatial resolution of 0.3 m at 10 km/h environment — = o 1260}
Ai f this stud - E  driving speed: 8 km/h
ims of this study . 1270 |
Underground as homogenous as hn i § 8 ) - Configuration: HCP
. : : : _ . Lo6al . . .
System offset calibration for absolute measurement values in mS/m possible (water, air) 1280 } | | ?;} . coil spacing:  0.9-3.6m System 2: SELMA Rigid Boom
«  Comparison of instrument measurements and the potential of the SELMA system for depth-resolved analysis « As simple as possible for periodic tests 0 1 2 3 . System 1: CMD Mini Explorer (5 Hz) c0.8635 0.9m 1.2m
~ ' " | |
« Temperature correction method for ECa ECa’: measured ECA Values * System 2: SELMA System (10 Hz) 50.8630 . 4 .
h: calibration height The Ulla-Klinger swimming pool in Aachen is 17 x 14 m with a depth of Coil Separation 3.7 m 3 ‘m.
SPECIFICATIONS values [2, 4 £ sol layer thickness o - - A
NL: number of Soil Layer 4.5 m. The device was placed near the centre and two meters or more 185 | \ O  Obs-HCP | | . = -“-
EC: Initial values = f “— Mod-HCP Svsteml: CMD Mini Explorer 50.8620 - . -
- - - - : : . . : S ) QL B
*  Scalable and modular concept with a high number of receiver coils Offset: Initial values away from metallic objects. It was varied in height using ropes on the > -190 W NEER - 0om . | T
. : £ X Qo 1.5m 8m
»  Data acquisition rate: 10 Hz with 1 mS/m noise accuracy Model parameters I R 10-meter tower. Note: Negative ECa’ value includes the system offset. o 195} R C- 208633 R !h
o f . k Forward \ e [ \ | 50.8630 -_ 50.8630 - -‘ el
Measurement requency/range. 20 kHz, 2 -100 mS/m e Possible forward models Model Full-solution Model j: -200 \\\ _u.; © ¥ m-
, : - = d 2 , :
*  Coil spacing (s): 0.305 m * Coil_Number « McNeill Equation S — Result: The coil pairs with large separations cannot be calibrated due to 0 1 2 3 § 20-8023 g 20-80237 i -’
o : ! Height [m] d a .
* Temperature range: -10-60°C (without frequency - McNeill, 1960) Apparent Electrical Conductivity the pool edge effects. 20.8620 50.8620 - T - =
ECa(h)"‘Im(Hp/Hs) ECa in mS/m ; 24m :
* Full-solution Equation \ 50.8635 . _ M. 50.8635
MEASUREMENT PRINCIPLE with frequency - Ward & Approach 2: Cafibration in the fielc , 05630 R -"‘ "il
= - = . ,
| H 1 HOffmann 1988) lterative Objective Function 'y é 50.8625 1"3_, 50.8625 - _ _ '
m(H) H,, ’ Inversion 112} = = - -
H * Objective function 50.8620 50.8620 A T -
Coplanar coil configuration H Ad ’ | Coil Separation 1.8 m . | |
Tra nsmitter Primary P . > ¢ min | |Ecamod(EC/h/ZISIO)_Ecamea(hIS)| |2 |terations -758 I O\-\ i T 4 : — 50.8635 2'7 m 3.0 m
. magnetic Recelver H, Re(H) Error < min 8\ O Obs-HCP 50.8635 | '
Signal field (Hp) Signal  Optimisation parameter: — 759 Q Mod-HCP | | ! - _
A ) N 5 £ A 50.8630 g R ] ' '
= - o < s, + i e ||| ™ o e
b f = Aq) — (I)(Hm) _CI)(Hp) Output Parameter: I\—l 761 N\ = 50.8625 E 50.8625
o o EC: EC values of the individual layers s il RS e e e e e P g or o) . | '
field (H E—— ~ P T SR A I I o Tl s O et AL A A e .7 m
eld(Hs) N g \ ;/H 0s2 11 . s 1 b - 50.8635
m 1 tanem o =Y )
induced eddy current : Scalable modular system with 1 transmitter and 12 receiver coils The height of the measuring device was varied using a portable wooden ght [m : 50.8630 v |
ECa'= ECa +ECa_offset , 50.8630 LY -ﬂl
: : : L | E | _
frame. The offset of each coil was determined using a 4-layer model of Coil Separation 3.7 m 2 aens 5 50.8625 -ﬂ-
) o : ' . 3 |
the subsoil. 116} @ﬁ\g = crancp |1 - 50.8620 - T
SYSTEM ARCHITECTURE E B e
B 117 e, _ Longitude Longitude Longitude
Master Segment Slave Segment Result: All measured ECa values could be modelled for all coil spacings > E m@\g\
. . (U . . 0 . . 0 0 0
_ _ 1D configuration of 0.9 m with a deviation of +/- 1 mS/m for the same subsurface. Possible QD -118 g Result: Both systems show similar pattern in the ECa distribution for the same coil spacings. As expected, system
Battery | Wifi = DGPS Eg;‘? | P'gg%';“k ] ] @ Amp Amp @ Ezzer ; P'ggg:“k @ Amp the SELMA system . . N . . . . : .
TX Coil RX Coil RY ol . without housing sources of error are still the exact determination of the height between 0 0.5 1 1_5*3 2 shows that the contrast decreases with increasing coil spacing. The different contrasts show the potential of
the device and the ground and the thermal drift. The influence of the Height [m] the SELMA system for depth-resolved measurements using layer inversion [3, 4]. A problem that still exists is
___________ sled was not calibrated. temperature drift, which was corrected in the images afterwards.
PIGGY i
BACK |
R * Available segments * GPSinterface (integrated, DGPS, 10 Hz) CO N C LU S I O N S
BASE , _ ,
BOARD » L v | * Master: TX, 1 x ADC (24 Blt), 2 x DAC (16 Blt) * Housekeepmg sensors e.g. temperature, * Fast mapping with ten coil spacings was demonstrated with a field measurement.
* Slave: RX, 4 xDAC(16 Bit) gyroscope, acceleration, magnetometer « A practical method for offset calibration in the field was presented. However, the effect of heterogeneous ground in the field on the calibration still has to be tested. Markus Dick
* Edge computing with FPGAs enable a scalable structure : — : . : : :
*  Wireless communication (Wlan) *  LiPo battery for 12 hours operation  Calibration in the swimming pool is not suitable due to the large coil spacing. As an alternative to reference calibration over a defined homogeneous underground, m.dick@fz-juelich.de
* Architecture is also suitable for multi-transmitter systems : . . . : :
Y *  Processing with SoM Xilinx Zyng-7000 (TE0720) « Dimension: 10 x 437 cm with 16 kg measurement on a lake is intended.
* Modules are synchronized via sync and clock lines : L. . : . : :
* In-house development from the coil to data evaluation Data Processing Unit
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