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Drone -based geophysical surveys -
Electromagnetic method
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Constitutive equationsa ‘& and A ¢ (andA -7

Electro
ma_gneuc Changes in the amplitude and phase of the measured EM field
are related to changes in the electrical conductivgy ¢r

SU NQIS resistivity () inside the earth

o Time domain(pulse)systems(most airborne systems)
o Frequency domairftime harmonic)ystems(e.g.Slingran)
o Active(controlled source) vgassive(natural field) methods

A Data interpretationby numerical modelling and inversion
o Maps, crossections and 3D mesh models of resistivity

A Applications in geological mapping, geotechnical and
groundwater investigation and mineral exploration
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A The primary EM fieldH,) due toharmonictime-varying current
(I-simt) in the transmitter loop induces currentg)(in
conductive targets of the suburface

The currentcreatesa secondary magnetic fieléiy)
The receiver measures the total field, & H+H)

Frequency n
domai n E M Transmitter: Receiver:

current, | voltage U

Primary
field, H,

_.-~~ Secondary
field, H,
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A) Semiairborne B) Twedrone C) Singlalrone
system system system

Dronebased
EM system

operation = &
modes
Small transmitter (Tx) Smalltransmitter
Large fixed transmitter loop loop is carried by one loop is attached to
(Tx) is set on the ground drone and receiver (Rx) the drone, andhe
and receiver (Rx) is towed is towed by another same droneows the
by a drone drone. receiver
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Two existing EM systems

A Canadian, GEM Systems VEM (below)
o Towed bird (< 7 kg), 2 frequencies-3® kHz
A German, MGT Radio EM (right)
o Towed 3axis induction coil (6.5 kg);300 kHz
0 VLF frequencies and mamade EM fields
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A GNSS units of the transmitter (Tx) and receiver (Rx) measure

A

Co-funded by tt
European Union

‘t'heir position §,y,2 and time ()
aertial measurement units (IMU) measure their attituag ()

Measured magnetic field QT 6 . BEXdXota@d¥dOm device
coordinates to world coordinateB=8x,By,Brand synchronized
In time with Tx current to yield fphase and quadrature
components

; Transmitterunit

- BZ’
(tt,xt,yt,zt,rt,pt,jt) 3, 3-component

y receiver unit
R (tr,xr,yr,zr,rr,pr,jj
X
dz=zr-zt

Loop separation,
L=[R-dZ3]/2
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A Insulated copper wire laid out on
ground surfac€polygon)

A Surface are@.9g.100 m by 100 m

A 2-3 kW gasoline generator BC
power source

A Impedance tuner (minimizing
resistance maximises current)

A 3 simultaneoudrequencies
0 2.6,4.2&9.2kHz

A Transmittercurrent 1:3 A
(moment up to 30 kKAA)

0 Current ismeasured and stored
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At26SR € 0ANRASE
0 Sizeca.70 x 70 x 80 cm
o Total length 1.3 m
0 Mass ca. 1.3 kg
o Standalone unit3S LiPo)
o Samplingtime 1 s
0 GNSS for position and time
o IMU for orientation

A Gives NED components b
magnetic field B-field, pT)

A Phase calibratiocoming soon
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Coot VTOL Vertiaeoff and Landino

A Vertical takeoff and landing
o0 Wingspan 2.45 m
o Weight 12 kgwith2{ [ At 2 &
0 4 x1000 W + P00 W engines
o Flight speed ca. 20 m/s
0 Endurance 2 h (alone)
o Endurance 1 h (towing)
o0 Max ranger0 km

A 3-axis FG magnetometer in a tail S S
boom(w I R hoknfalinagnetic [ i -+
data processing using ELM
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Semiairborne towed EM system

A Towline 20 m long

A Flight speed 20 m/s

A Flight paths 580 km long
A 50-100 m line separation
A Sampling time 1 s

A Sampling distance 20 m
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LouhiEM receiver towed by Coot VTOL drone
SavukoskiSokl) 202309-19, videe by.Kumpula
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AEM data
Interpretation
with
Aeminv3.2
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A 1D EM inversion (layered earth resistivity model)
o Maps of overburden and basement resistivity

A Joint inversion of AEM and magnetic data
o Magnetic susceptibility utilized (correctsmiase data)

A Other highlights: dipol&lipole & fixed loop systems, lateral
(Occam) constraining (1D/2D), DEM data, sedimentary

maps, parameter elasticity, barometric height.

Real & Imag (ppm)

Depth (m)
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1D example: GTK data frddivalamap sheet

Lithological map (1:200Kk) Magnetic field QT)
Geological Survey of Finland)
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1D example: iphase & quadrature data

In-phase, 3 kHz Quadrature, 3 kHz Trad. apparent resistivity

o010 (om) RN,

0 05 1 15 2 25 3 35 4 45 5
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1D example: Payer inversion resuits

Overburden(soil) resistivity Basement (bedrock) resistiv Trad. apparent resistivity

o9, (o) N~ .- (o) I <o o) I,

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 0 0.5 1 1.5 2 25 3 35 4 45 5 0 0.5 1 15 2 25 3 35 4 45 5
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1D example: ayer inversion resuits (cont.)

Overburden (soil) conductance Cumulative skin depth Magnetic susceptibility

og,,¢ (&) I oo, () [ O o () I

3 25 i 15 -1 05 0 05 1 1 15 2 25 3 35 4 4 36 3 25 -2 145 -1 05 0
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SokIEM survey, Sep 2023

ADroneSOMest survey Survey area, planned lines Realized 2 flight paths

i

A SavukoskiNorth-Finland 1y e N e VT
~ //~———/ /rm\{ . 0 wer3 - ~
ASurface area 4.5 Kin 3 et
2 | n b 2 -
. . T \
A75 m line separation S LA 1 | S - 3
E \ ~ \\ ! / 1.4 \; Wp_lus‘ a
. PNT z K UITH ’ z : \
ATotal 65 linekm + 2 tielines £ g (B T R il |
a 871 X\ 11 INZZL & 8155 ) \
. 2 ™~ N f» 41 u } /// il r~ N \ ;
ATwo flights; ca. 55 km long %g%%;l‘&f;,f PRI 77 &5 | T 7
. E g— 4 \ ;3( e ;? S ’_'/ /'f 3 :?,’I ////_ g ﬁ— L\ T \H \\ | :
ASingle loop (bad weather) 2| SHTHHERRTH ] 2. TR
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Amplitude Phase
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