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TEM Configurator

• An interface for evaluating and 
comparing Transient Electro-
Magnetic survey equipment 
configurations.

• 1D layered type curve 
generation using 
AarhusInv64.exe

• Open source Pascal code for 
reading, writing and handling 
configuration files.



AgTEM - 
Wallaby

• An enduring off-road towed Transient 
Electromagnetic system suited to 
rapid coverage of cleared agricultural 
land and rangeland.

• Receiver loop null coupled with 
transmitter loop

• 1 to 5 turns each rated to 50 Amps
• Folds for gateways and narrow gaps.
• Optionally augmented by a front loop 

(Slingram)
• Towed by 400kg to 3000 kg vehicles.



• A lightweight collapsable system of 
configurable parts for transient 
electromagnetic survey

• 1 person can achieve 20km of survey per 
day walking propelled by an electric 
tractor controlled by walking within an a 
movement sensing cradle while holding 

a cantilevered, hand stabilized, Slingram 
receiver loop. Also has in-loop receiver.

• Folds for gateways and narrow gaps.
• May be towed by quad bikes
• May be carried by walking persons in 

most minimal form (12kg main loop)

AgTEM - 
Wallaroo



79

Strong elastic
cords hold the
Tx loop shape

Stop ropes oppose the elastic
cords to keep the front of the
Tx loop in an exact position

Junction boxes
allow combinations
of 1 to 5 loop turns

Slack in the Tx loop
is kept away from
the receiver loop by
short elastic cords

Main transmitter LoopMain Receiver Loop

Mutual Inductance between the Tx and Rx loops is nulled
so that amplifiers can be turned up and less loop response
overprints ground response. Parts of the Tx Loop near the
Rx Loop are held tight in fixed position to stabilize nulling.

AgTEM-Wallaby

A 4.5m separation between the
towing vehicle and loops is
maintained using a drawbar consisting
of Kevlar rigging and central boom..

As suspended wire sways in
unison, impacted through soft
suspension, loop area stays
approximately the same.

Main transmitter loop area
= 32m2 x 1 to 5 turns
Current up to 50 Amps / turn



Main transmitter LoopMain Receiver Loop

As suspended wire sways in unison, 
impacted through soft suspension and 
pendulum effect of high radius of gyration 
transmitter loop, loop area stays 
approximately the same.

Optional Front Receiver Loop

24 bit ADC sampling is 
used to accommodate 
the high primary field 
pickup of the central 
receiver loop.

Side booms and loops are raised remotely 
using a pulley system. Ropes extending from 
the tow ball deflect obstacles.

The optional front loop provides a partially independent 
dataset for checking modelling of the main receiver loop 
dataset. It is less affected by primary field coupling.

Designed for compact 
shipping and 
conversion to a 12kg 
walkable loop carrying 
system

AgTEM-Wallaroo

Amphibious 
use is possible



AgTEM-
electronics

Regulated 3.5 to 18 Volt, 45 Amp TEM 
transmitter with 3 channel receiver & 
Dashboard mount operator’s console.
Also designed for walked operation.



TEM Configurator
TEMConfigurator displaying loop 
coordinates from the Wallaby overlapping 
receiver loop configuration file.



TEM Configurator Main Form, Receiver Evaluator, 
Transmitter Evaluator and 3D Geometry Graphics



TEM Configurator
Vehicle Parameter 
Evaluator



TEM Configurator
Timebase evaluator



TEM Configurator Waveform Evaluator



TEM Configurator
Acquisition Channel 
Evaluator



TEM Configurator
System Response 
Evaluator

Forward Model

Field data

Noise
2e-9V/A.m2

System response
In this case, from 
simple subtraction of 
the forward model 
from field data at a 
resistive site.



TEM Configurator 
System Response 
Evaluator
Modelling multiple time 
constants with damped 
oscillating resonance

This can be used to model and 
understand both designed and 
unwanted parasitic components of 
system response such as:
• loop self response,
• inductive coupling with the towing 

vehicle, and
• passing receiver loop wire too close 

to an inductor on a pre-amp.

Time Constant and 
damped oscillation 
modelling



TEM Configurator
Shorted Loop 
System Testing

AgTEM Wallaby In-loop system 
testing - shorted loop turn test. In 
this test a stored reference shorted 
loop decay constant response is 
compared with contrast of shorted 
loop measured data minus single 
loop data with the 2nd loop open 
circuit. This establishes a largely 
ground response free dataset for 
comparison. Noise data is plotted 
also for comparison. Observe that 
the shorted loop response 
excellently matches the decay 
constant equation response beyond 
where digital delays, ramp, and coil 
self-responses are significant.

Time Constant 
response for a 
Wallaby-AgTEM 
shorted loop turn

Wallaby-AgTEM 
field data with 
one shorted 
loop turn

Wallaby-
AgTEM field 
data without 
any shorted 
loop turns.

Measured site noise

Shorted 
response 
minus site 
response



TDC -
A new 
data 
format 
for TEM 
metadata

TEM Configurator - TDC format

Example Organization
and Hierarchy Chart

All
NumAcqChn

NumTx
NumRx

Rx2
Coordinates,

Filters,
Orientation

Chn1
Rx#

Tx#, TxAlias

SysResp1
SysResp,

FieldData,
& 1D Model

Timebase1
Gate times

Timebase2
Gate times

Tx
Waveform

1
Waveform

ramp

Tx
Waveform

2
Waveform

Ramp

Vehicle
GNSS, Positions,

and
Connectivity

Tx1
Moment:LM

Corners,
Coords &

Filter

Chn2
Rx#

Tx#, TxAlias

SysResp3
SysResp,

FieldData,
& 1D Model

Tx2
Moment:HM

Corners,
Coords &

Filter

SysResp2
SysResp,

FieldData,
& 1D Model

Rx1
Coordinates,

Filters,
Orientation

Chn3
Rx#

Tx#, TxAlias

TEM Configurator - GEX format

Example Organization
and Hierarchy Chart

General
No Count variables.

Must serially find and
count identifiers in

the file

General
“” or LM

Gate times

General
HM

Gate times

General
“” or LM

Waveform

General
HM

Waveform

General
GPSPostions

RxCoilPositions
TxCoilPositions

General
Only One Tx Loop

Tx Corners, Coords &
Type

Channel2
TransmitterMoment=“”

RxCoilNumber

ReceiverPolarizationXYZ
TiBLowPassFilter

Channel1
TransmitterMoment=LM

RxCoilNumber

ReceiverPolarizationXYZ
TiBLowPassFilter

Channel3
TransmitterMoment=HM

RxCoilNumber

ReceiverPolarizationXYZ
TiBLowPassFilter

TEM Configurator
uses the new TDC 
data structure that 
logically and fully 
describes any TEM 
system.

It can also convert 
to and from legacy 
GEX format



TEM Configurator – Type Curve Generation

• Type curves present potential field data responding to sets of earth models. 
TEM Configurator conducts 1D modelling using AarhusInv64.exe from 
Aarhus Hydrogeophysics Group.

• Presentation of type curves transformed to Apparent Resistivity versus 0.4 x 
current ring Loci Depth helps us conceptualize how the earth is responding 
and to see sensitivity issues and equivalence complications

• Actual layered models are superimposed on the type curves.
• Apparent Resistivity is the resistivity that is expected from a homogeneous 

earth for the voltage detected.
• Current ring loci depth is the depth of greatest concentration of current in a 

‘smoke ring’ of current diffusing into the ground after excitation from an 
artificial source such as a quickly shut down current in a loop of wire. We 
multiply by 0.4 as the receiver loop has greater sensitivity to the near surface.



TEM Configurator
Forward modelling 
Type Curve Generation



Homogeneous half space 
mathematics

Terminology:
• Homogeneous Half Space – Just imagine the earth 

beneath the surface as if it was all the same. It is a 
common concept used in geophysics where all the 
sensors are on the surface.

• Apparent Resistivity – The resistivity that could be 
calculated from a voltage received by an instrument if the 
earth was homogeneous.

• Effective Depth – The depth by which 50% of signal to an 
instrument is contributed, assuming the earth is 
homogeneous.



Depth for TEM

From: 

Diffusion Depth – The depth at which 
maximum current flows in the earth in a 
transient electromagnetic system at a 
time after current in a horizontal loop is 
switched off. In TEM systems this is 
dependent on earth resistivity and 
simple calculations assume a 
homogeneous earth. It is not the same 
as effective depth as receiver loops 
disproportionately sense in their 
proximity.
Loci Depth – Old terminology for 
diffusion depth (definition may be 
slightly different)

1D Imaging of Central Loop Transient 
Electromagnetic Sounding.
Niels B. Christensen
Aarhus University, Department of Earth 
Sciences, Laboratory of Geophysics



Halfspace Model 
Resistivities:
Starting with the 
bold line are:
1 –    5.0 ohm.m
2 –    6.7 ohm.m
3 –    8.9 ohm.m
4 – 11.9 ohm.m
5 – 15.8 ohm.m
6 – 21.1 ohm.m
7 – 28.1 ohm.m
8 – 37.5 ohm.m

TEM Configurator
Forward Models of 
Halfspaces



Halfspace Model 
Resistivities:
Starting with the 
bold line are:
1 –    5.0 ohm.m
2 –    6.7 ohm.m
3 –    8.9 ohm.m
4 – 11.9 ohm.m
5 – 15.8 ohm.m
6 – 21.1 ohm.m
7 – 28.1 ohm.m
8 – 37.5 ohm.m

TEM Configurator
Forward Models of 
Halfspaces

In early times, 
response is 
dominated by 
filter and loop 
self responses.



ThicknessResistivityLayer

10.0m 13.4m
17.8m 23.8m
31.6m 42.2m
56.2m 75.0m

50 Ohm.m1-Alluvium

infinite1 Ohm.m2-Basement

Noise: 2e-9 @ 1mS with slope of 0.5

TEM Configurator

Evaluation of a detectability curve (Green) for a given noise threshold (Yellow) for forward models 
(Blue) of layered models (Red) as given in the table included for Wallaby In-loop configuration with 36 
Amps and one Tx loop turn. The left graph presents forward models as late time apparent resistivity 
versus 0.4 x Loci Depth while the right graph presents the same forward models as dB/dt versus time. 
Detectability is calculated contrasting the heavy blue curve with the adjacent curve. The noise threshold 
in this example is high such as is typical for short stack times and rapid travel over rough ground.

Type Curves 
showing 
Depth to 
Conductive 
Basement

Detectability
Early time to late time 
crossover results in model 
equivalence problems.

Noise
2e-9V/A.m2

dB/dt
Model 1

Apparent 
Resistivity
Model 1

50m    67m
  89m 115m
158m 211m
281m 375m



A resistivity versus 0.4 x loci depth 
example from the forward modeller. 
Red lines present modelled 
resistivities and depths, green boxes 
display resistivity of the layer below, 
and thickness of the layer above each 
box. Type curves for eight models are 
displayed in dark blue. Aqua coloured 
lines display the last chosen models 
and configuration. In this case, the 
dark blue lines are for the 
overlapping loops configuration of 
AgTEM Wallaby and the Aqua colour 
lines present equivalent models but 
with layer 1 changed to 30m thick to 
simulate what would happen if 
Wallaby was used airborne.

TEM Configurator
30m altitude versus 
1m altitude

30m Altitude models

1m Altitude models

Layered models



For the models in the previous graph, 
this is example from the forward 
modeller of dB/dt versus time type 
curve generation. Eight models are 
displayed in dark blue. Aqua coloured 
lines display the last chosen models and 
configuration. In this case, the dark blue 
lines are for the overlapping loops 
configuration of AgTEM Wallaby and the 
Aqua colour lines present equivalent 
models but with layer 1 changed to 30m 
thick to simulate what would happen if 
Wallaby was used airborne. A green 
detectability curve displays relative 
contrast between model 1 and 2 
normalized to noise standard deviation, 
which is provided in the yellow curve.

TEM Configurator
30m altitude versus 
1m altitude

Detectability Model 1 – Model 2
In this case testing for 
detectability of a 30% change 
in depth to basement.

Noise
2e-9V/A.m2

1m Altitude dB/dt
Model 1

30m Altitude dB/dt
Model 1



TEM 
Configurator
Type curves 
with layers:
1: Neutral
2: Conductive to Resistive
3: Neutral



TEM 
Configurator
Type curves 
with layers:
1: Resistive
2: Conductive to Neutral 
3: Neutral (10 ohm.m)



TEM 
Configurator
Type curves 
with layers:
1: Neutral (10 ohm.m)
2: Neutral to Resistive 
3: Resistive



       

Blue - Receiver Axes with X-
Orientation.

Aqua - Receiver Axes with
Z-Orientation.

Yellow - Noise @ 1mV=2e-9
V/(A.m^2) with 0.5slope.

In early channels, X-
Orientation signal
dominates making Z-
Orientation data sensitive
to tilting.

Note that X-Orientation
could also have a
dominance of metal vehicle
response as it couples
axially with the vehicle.

Halfspace Model
Resistivities:
Starting with the
bold line are:
1 – 5.0 ohm.m
2 – 6.7 ohm.m
3 – 8.9 ohm.m
4 – 11.9 ohm.m
5 – 15.8 ohm.m
6 – 21.1 ohm.m
7 – 28.1 ohm.m
8 – 37.5 ohm.m

This analysis is also relevant to other
instruments. tTEM, which has ONLY a
Slingram Z-component loop, is
vulnerable to Z and X orientation
mixing as the short-base sled pitches
across rough ground.
Loupe collects only Slingram data
but in three components and they
model data as change in total field,
thus eliminating the orientation
sensitivity problem. An additional
problem, however, is generated when
a relatively low sensitivity coil is used
to detect X-orientation data and the
high noise on this component is
mixed into total field data, unduly
affecting the noise floor.

Observing this data we can see that a 20 degree pitch change will change the 2.8e-5 z-component data at 30uS over a 5 ohm.m half
space to (2.8e-5).(cos(20)+(8.0e-5).sin(20)=5.36e-5 or 1.91 time of the correct value. On tussocky or ploughed ground a 20 degree
tilt on a short base sled is common.

TEM Configurator

Wallaby front 
loop orientation 
comparison & 
signal stability



Calibrating towed TEM data:Test site data
Direct Current 
Electrical 
Resistivity 
Tomography – 
Zhou array 
configuration. 
Modelled 
resistivity is 
projected up 
160m

Direct Current 2D 
Electrical Resistivity 
Tomography
Lippmann Earth Resistivity Meter 
& 700m of Active Electrodes 
spaced at 6.25m intervals.



Test site data
Transient 
Electromagnetics 
with 50m x 50m 
hand laid loops. 
Modelled 
resistivity 
projected up 
160m. This image 
is modelled with 
system response 
corrected to 
reveal the near 
surface 
conductive layer 
for which loops 
of this dimension 
are otherwise 
unable to 
discriminate very 
effectively. The 
aqua colour line 
represents depth 
of investigation 
characteristic.

Hand Laid 50 x 50 m Loop TEM



Test site data

Zhou Wenner TEM 50 x 50 Fwd Model

From To Res From To Res From To Res From To Res

0 16 180 0 10 200 0 30 1000 0 16 180
16 30 40 10 20 50 30 60 15 16 30 40
30 72 120 20 60 120 60 70 5 30 62 120
72 inf 20 60 inf 45 70 inf 30 62 inf 20

Determining a layered model at the test site to forward model.



   
  

In_loop Receiver
20xGain
20 turn

Test site data
High moment (38 Amps x 32m^2) Wallaby 
system response assessment for the in-loop 
receiver with 20 turns and 20x pre-
amplification. Field data is displayed in 
orange, assessed noise threshold in yellow, 
and the forward model in red

Later time data is affected by metallic induction with 
the towing vehicle and this is the primary response that 
must be removed as part of the system response. 
Realise that this exercise is applied at a resistive site, 
deliberately, and that much of the system response 
correction becomes much less significant at more 
conductive sites, and that there are electronics delays 
prior to the ramp. 

Finally, the blue system response curve was 
obtained by subtracting the model curve from 
the field data. The log scale results in the bulk 
of the graph being dominated by part of the 
data that is never used in modelling of high 
moment data. Earlier time data is affected by 
digital delays in the electronics, self-response 
decay and under-damp overshoot. 

TEM Configurator – System Response Evaluator for towed TEM



Test site data
Wallaby In-
Loop transient 
electromagneti
cs. Modelled 
Resistivity 
projected up 
160m (525 
feet), 2 Parallel 
1 Series Turns, 
38Amps, 150 
Watts

Wallaby-AgTEM overlapping loops configuration
with system response simply subtracted.



37

Wallaroo_AgTEM - Modelled Resistivity projected up 100m. 
Aqua line reveals estimated Depth of Investigation. Vertical Exaggeration x4.

Grounded Mesh 
Fence effect

Dipping strata

Sand



38

AgTEM Modelled Resistivity at 20m deep A broad layer of deep resistive sediment 
(Cobbles) is inferred here interrupted by 
artefacts from fences and other metal.

2

1
3

4

A narrow (80m) channel is suggested 
by a second smaller resistive feature 
to the east of the buried main channel. 
There is risk that it is filled with basalt 
or trachyte.
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