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ÅSeismic Mechatronics: E-vibe source

ÅBit Sim: Slimhole hydrophone

ÅMic Nordic: GPS time synchronization

ÅSGU: UAV-borne EM-system

ÅSkyTEM: Depth enhancedhelicopterborneEM system

Prototypes



E-vibe

Contact free

No friction/Low distortion

Broad bandwidth/low frequencies

High controllability/Repeatability

Linear Synchronous Motors 7kN (1500lbs) electric seismic source ï2-200Hz Full Force



E-vibe

The merged datasets (wireless + streamer) resolve better both upper portions 

and structures below 1.6 s.

Down to 1.6s easily with 

7kN source! (3km)

Deeper events seen (~2.6 

s)



Slimhole hydrophone

Pressing needs:
Å Growing world-wide demandfor geophysical services 
Å Need to for deeper exploration >1000m
Å SlimholesNQ size (48 mm): Very thin and slender sensor 

equipment
Å Using digital design new components to improve Signal 

Quality and lower power consumption
Å Modular and Expandable ςnot always a fixed number of 

sensors

High demand for geophysical data acquisition services and increase 
in investments in the mining sector for geophysics are anticipated to 
propel the geophysical services market during the next 5 years.



Slimhole hydrophone

The systemconsist of (max configuration):

Å Array of 100hydrophones

Å 50bottles

Å 1500mdownhole cable

Å 50x20m(1000m) string 

GPS, DAQ, Power



A prototype has been developed to accurately (micro-second accuracy) provide time 
(relative or real) to an array of various sensors (seismic, electromagnetic etc.) placed 

in different tunnels and in different depth levels

GPS time synchronization

Slave Box 1 

RF 

GPS out

Gain

x dB

Fiber 

converter

From 

Master box

Up to 6 km

12 V DC

Wireless devices 

Fiber-optic equipment, Master and Slave units where the slave unit is connected to the Master via fiber-cable

Transportable
Easy to set-up
Modularity
No need to revise existing recorders



MIC 360, Passive antenna

Wirelessrecorders

Å Real-mine condition (exploration tunnels utilized)
Å Synchronized 30 wireless recorders in the mine, +600 

cabled sensor (seismic recording system) and 350 
wireless recorders on the surface

Å Combination of fiber optic and antenna
Å 8-days of operations
Å Time-drift on the order of 10-15 microsecond/day (two 

shifts)

GPS time synchronization

We made it possible for the first time to conduct a full-scale 
simultaneous shooting-recording 3D surface-3D in-mine seismic survey 

~ 650 m level
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Only possible if receivers are 
time-synchronized!



UAV-borne EM System

CustomBuilt Quadcopter

ÅAssembled by AMKVO

ÅDesigned for at least 20 min flight time with 5 kg 
payload



UAV-borne EM System

Laser altimeter

Computer, ADC

GPS

IMU

Pre-amp, filters, driver

Å 3 components (X, Y, Z)

Å Bandwidth 1 ς350 kHz

Å Response 25 mV/nT

Å Continuous sampling

Å GPS synchronized sampling

Specifications
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ÅAreachapBelt, Northern Cape, 
South Africa

ÅOrion Minerals has tenements
and projectsin the area

ÅExploration programmestarted
in 2017 and comprised
geophysicsand drillings

Case study



ÅZn- and Cu-rich VMS occurrences are present throughout the 
AreachapBelt and occur in a host of gneisses, amphibolites, and 
schists

ÅNi-Cu magmatic deposits present. Several of these are well-known, 
for example Jacomynspan, which is a Ni-Cu-PGE intrusion.

Overall geology 

Areachap Belt



SkyTEM312HP

Large depth
of 

investigation
and long off-

times

High SNR 
required

Deep-seated
targets

Selection of HTEM system



ÅUsedroutinelysincelate 2017:
Å15 projects
ÅFlownmore than70,000 line-kms

ÅLarge depthof investigation(DOI):
ÅHigh dipole-moment (up to 1,000,000 Am2)
ÅLow noiselevel
ÅSquare currentwaveform

ÅOutstandingcharacterizationof conductors:
ÅLow base frequencyof 12.5 Hz
ÅB-field measurements(new feature)

SkyTEM312HP at a glance



Late time response1
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Åa:Tx amplitude

ÅЎȡPulse width (8 ms 
SkyTEM312 HP)

Å†ȡTime constant

1: Liu (1998). Exploration Geophysics

Square current waveform



ÅSquare loop with an areaof 521 m2

ÅTime-constant47 ms of wire loop target

Wire loop

Wire loop tests



Profiles over wire loop target



Extra signal

Wire loop target: t= 47 ms

Bluelines: 30 m height
Redlines: 50 m height

25 Hz (cross): pulse duration5 ms
12.5 Hz (circles): pulse duration8 ms 

Extra signal

Square current waveform



Wire loop target (dashedlines): t= 47 ms

Bluelines: 30 m height
Redlines: 50 m height

25 Hz (cross): off-times 15 ms
12.5 Hz (circles): off-times 32 ms 

Low base frequency



Wire loop target (dashedlines): t
= 47 ms

Bluelines: 30 m height
Redlines: 50 m height

B-field vs. dB/dt



ÅImproved
characterizationof 
conductors:
ÅLong off-times

ÅLong pulse duration

ÅB-field measurements

Summary low base frequency

and B-field



ÅSurveyarea: 962 km2

Å200 m line spacing

Å80 kphacquisitionspeed

Å6,000 line kilometers

SkyTEM312HP survey design



Extra data 
with 12.5 vs. 
25.0 Hz

Low base frequency 

(long off-times)



SkyTEM anomalies



Knownand new anomalies Platemodellingof SkyTEManomalies

SkyTEM anomalies
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Å6.25 Hz Operation
ÅWaveform
ÅIncreasedontime

ÅLonger offtime

Transmitter Signal



Å6.25 Hz Operation
ÅThinsheetmodel response
ÅMaxwelll

ÅPlateextendingto 1000 m 
belowsurface

Transmitter Signal



Å6.25 Hz Operation
ÅTransmitter BenchTest
ÅFirmware upgrades

ÅHardware endurance

Å6.25 Hz Operation
ÅCoolingunit
ÅIncreasedefficiency

ÅReducedweight

Transmitter Signal



ÅReceiver platform
ÅOperatedat verylow frequencies

Reducing Noise Level
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Blötberget Mine Site, Sweden

ÅPartners: NiO, SGU, UU

ÅFlownKilometers: 577 km
ÅThree configurations
Å25Hz, 12.5 Hz, 6.25 Hz

ÅIncreasedDOI with signal to latest
gate at 6.25 Hz confirmed



Blötberget Mine Site, Sweden


