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This paper focuses on the sampling of the electromagnetic transient as acquired by airborne time-domain elec-
tromagnetic (TDEM) systems.
Typically, the sampling of the electromagnetic transient is done using a fixed number of gateswhosewidth grows
logarithmically (log-gating). The log-gating has two main benefits: improving the signal to noise (S/N) ratio at
late times, when the electromagnetic signal has amplitudes equal or lower than the natural background noise,
and ensuring a good resolution at the early times. However, as a result of fixed time gates, the conventional
log-gating does not consider any geological variations in the surveyed area, nor the possibly varying characteris-
tics of the measured signal.
We show, using synthetic models, how a different, flexible sampling scheme can increase the resolution of resis-
tivitymodels.We propose a new samplingmethod,which adapts the gating on the base of the slope variations in
the electromagnetic (EM) transient.
The use of such an alternative sampling scheme aims to get more accurate inverse models by extracting the
geoelectrical information from the measured data in an optimal way.
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1. Introduction

Time-domain airborne electromagnetic data are regularly acquired
over wide areas for various applications such as groundwater, environ-
mental and mining exploration (e.g. Fitterman, 1987; Auken et al.,
2003; Reid and Viezzoli, 2007; Viezzoli et al., 2010; Podgorski et al.,
2013). The modeling of these data is often aimed at obtaining a quanti-
tative estimation of the 3D spatial distribution of the conductivity of the
earth, through an inversion process. The obtained model may be used
for further geological or hydrogeological interpretations.

The electromagnetic (EM) secondary field is measured as a function
of time using an induction coil.

In TDEM, the decay over time of the secondary magnetic field asso-
ciated to the induced currents is recorded in time-windows, called
gates.

The width of the gates is a crucial factor in the acquisition of electro-
magnetic data. In fact, it controls two signal features that strongly
influencing the inversion results: the data signal to noise (S/N) ratio
and the capacity of resolving the structure in the subsurface (resolution).

In general, the S/N ratio increases with the gates width in contrast
the resolution capability is better for smaller gates that provide more
details on specific parts of EM decay and will be necessarily noisier
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than larger gates (Nabighian and Macnae, 1991). A correct sampling
must take into account the trade-off between these two components.

The “gating”, i.e., the sampling in time of the secondary field, is
often chosen following a standard approach, using the same number
of gates per time decade with a logarithmic increase of the width
with time in order to improve S/N ratio (log-gating) (Munkholm
and Auken, 1996).

Nowadays, thanks to technological advancements, new airborne
systems are able tomeasure and record the secondary field at high sam-
pling rate, yielding a virtually continuous stream of data. In this paper,
the attention is focused on the binning of the streamed transients. We
will show, using synthetic models, how different sampling schemes
can influence the results of the inversion.

The processing of small width gates is complicated by high noise
levels. It can therefore be difficult and the inversion of large amount of
gates is very time consuming. An average of measurements (binning)
over windows of finite width is usually necessary.

We propose a new sampling method that consists in adapting the
gating on the base of the slope variations in the EM transient sampled
at the highest possible frequency (the so called streamed data). As the
EM transient decay depends on the distribution of the conductivity at
depth in the sensitive area (footprint), there are some time intervals
in the EM transient that contain more information on the subsurface
structures. Our idea is to extract these information from measured
data with an optimized sampling, in order to get more accurate inverse
models.
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Fig. 1. Transient responses for a homogeneous half-spacewith varying resistivities and for
a layered half-space (from Christiansen et al., 2009).
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2. Methodology

The time variation of the secondary magnetic field, measured as db/
dt at an induction receiver coil, exhibits, at late times, a decay proportion-
al to t-5/2 in a log–log plot for a homogeneous half-space (Christiansen
et al., 2009).
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where M is the magnetic moment of the transmitter (Am2), σ is the
conductivity (S/m) and μ0 is the magnetic permeability of the free-
space (H/m).

At the interface of two layerswith different conductivity, the value of
the secondary field changes according to the variation of the conductiv-
ity as shown in Formula 1.

This means that for a horizontally layered model, the transient
decay, (∂bz/∂t), shows a slope variation in corresponding to the transi-
tion between two layers with different conductivity.

Fig. 1 (from Christiansen et al., 2009) shows the EM transient for a
homogeneous half-space with varying resistivities. The response of a
two-layer earth having a resistivity of 100 Ωm in layer 1 and 10 Ωm in
layer 2, and with the thickness of layer 1 of 40 m, is also shown.

The slope variations are related to the conductivity contrast between
two electro-layers.

The conductivity controls also the diffusion speed of the current in
the ground:

v ¼ 2 πσμtð Þ−1=2 ð2Þ

whereσ and μ are the conductivity (S/m) and the relativemagnetic per-
meability (H/m) of the medium and t is the time (s).

The diffusion speed decreases when going through conductive
layers. Formula 1 and 2 explain why the TDEM method is highly sensi-
tive to conductivity layers (Telford et al., 1990).

The analysis of noise-free data produced by simple two-layermodels
and calculated from the solution of 1D forward model (Ward and
Hohmann, 1988) shows that the transition from a conductive layer to
a resistive one corresponds to aminimum in the second time derivative
of the transient. On the contrary, the transition from a resistive layer to a
conductive one shows a maximum of curvature. In Fig. 2a the EM tran-
sient (blue curve) and the curvature (green curve) for two-layer earth
with 50 Ωm in layer 1 and 10 Ωm in layer 2, with the thickness of
layer 1 of 50 m, are shown. In Fig. 2b, we plotted the same quantities
when the conductive layer is the shallowest.

The decay of the electromagnetic transient is measured as average
response over timewindows of finitewidth (gates). Aswe alreadymen-
tioned, the modern airborne EM systems are able to measure the sec-
ondary field with digital receivers recording the full decay stream at
high sampling rate. As it is difficult to manage the processing of large
amount of smallwidth gates forwhich the signal to noise ratio is consid-
erably lower and the inversion of many gates can be time consuming,
the time binning of the acquisition data is necessary.

Typically, the sampling of the electromagnetic transient is done
using a fixed number of gates whose width grows logarithmically
(LOG-GATING). The log-gating has two main benefits: improving the
S/N ratio at late times, when the electromagnetic signal has amplitudes
equal or lower than the natural background noise, and at the same time
ensuring a good resolution at the early times.

It is clear that in order to obtain correct models, a good sampling of
the EM transient is needed. We demonstrate the previous statement
by illustrating how the inversion result changes when EM transient is
undersampled in various ways (Fig. 3). In these tests, we used noise-
free data, calculated from the solution of the 1D forward problem
(Ward and Hohmann, 1988) for a four layer model. We used 21 gates
in log-gating configuration and inverted the data using AarhusInv
inversion code (Kirkegaard and Auken, 2015), removing a group of
three adjacent gates. The startingmodel is a layered halfspacewith a re-
sistivity of 90Ωm. Being noise-free data, the inversion should (or rather
could, depending on the sampling scheme) recover a useful model.

The analysis of the results illustrated in Fig. 3, shows that removing
the information carried by even a small number of data (gates) causes
a loss of resolution, with inaccuracies on both conductivity and thick-
ness in the computed inverse models.

However, the worst models are obtained when the removed gates
are in correspondence with the maxima and the minima of curvature
that, as shown in Fig. 2, mark the transition between two layers. In
fact, from the curvature of the EM transient in Fig. 3a we note the pres-
ence of twominima in the first and the third decade and onemaximum
in the second decade. Undersampling the transient in correspondence
of the minimum of the first decade does not affect the inversion results



Fig. 2.EM transient (blue curve) and its curvature (green curve) for two-layersmodel earthwith a resistive layer of 50Ωmand a conductive one of 10Ωm, the thickness of shallowest layer
being 50m. (a) The resistive layer is the shallowest. (b)The conductive layer is the shallowest. (For interpretation of the references to color in thisfigure legend, the reader is referred to the
web version of this article.)
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more than removing other gates of this decade. However, by removing
the gates that are in correspondence with the maximum and the mini-
mum of curvature in the second and third decade (from 11th to 17th),
the recoveredmodels are less accurate in the definition of the thickness
and resistivity of the electro-layers. This confirms that there are some
time intervals in the EM transient decay that contain more information
on the structures in the subsurface.

Thus, we propose a new approach to sample the EM transient that
we call adaptive gating.

Our method simply consists in a more detailed sampling of the time
intervals at which the electromagnetic response shows the greater sen-
sitivity to the changes of resistivity of the subsurface. The second deriv-
ative of the EM transient is the base for our adaptive-gating.

In Fig. 3, we notice, in fact, that the gates from the 10th to the 13th
match clearly with the maximum of curvature, and thus can be easily
identified also in a real signal. On the contrary, gates from the 13th to
the 17th are only partially in correspondence to a minimum of curva-
ture. Similar observations were drawn on a series of synthetic studies
with different 1D models.

We extensively tested our adaptive-gating procedure for the maxi-
ma and for the minima of curvature arising from four-layer models.
We noticed that the most correct inversion results are those obtained
adapting the gating only for maxima of the curvature.

This is hardly surprising, as it is in this case that the EM methods
have most resolution power, as opposed to a transition towards higher
resistivities. We conclude that the crucial parts of the transient that re-
quire customized gating are those in correspondence to the maxima of
curvature, whichmarks the transition froma resistive layer to a conduc-
tive one. According to this strategy, the gate-width at the maximum of
the curvature is reduced, while we progressively increase the widths
of the gates at the sides of the identified maximum.

This scheme should guarantee a better resolution for themost infor-
mative part of the signal that, according to the velocity propagation and
the density of the currents, is in correspondence of the conductive
layers.

To demonstrate the benefits of such a sampling scheme of the EM
transient, we present now a series of tests on synthetic data where we
compare the inversion models obtained with the ‘classical’ log-gating
and our adaptive-gating approaches.

To perform these tests, we:

• simulated a continuous acquisition of the EM transient decay. The pa-
rameters of the electromagnetic airborne system are listed in Table 1;

• defined a 1D model of electro-layers, defined by thicknesses and
conductivities;

• added a noise to the data based on the model by Munkholm and
Auken (1996);

• applied a denoising filter through the Discrete Wavelet Transform
(DWT; Fedi and Quarta, 1998);

• computed the second derivatives of the EM transient to identify the
most sensitive time intervals;

• sampled the continuous acquisition data using both log-gating and
adaptive-gating schemes;

• inverted the two data sets and compared the results.

We simulated a continuous acquisition by using 147 gates having a
width increasing logarithmically in the range between 10−5 and 10−2 s.

Then, the solution of the 1D forward problemwas computed (Ward
and Hohmann, 1988) for each considered model.

The forward response was perturbed with a random noise. We used
the model noise proposed by Munkholm and Auken (1996). Following
this approach, the noise is approximated to a straight line with slope
equal to−1/2 in a log–log plot, with a value of 3 nV/m2 at 1 ms.

The second derivative is computed in the time domain by simple fi-
nite differences relations.

Then, to find the most sensitive time intervals needed to implement
the samplingwith our adaptive-gating scheme, themaxima of the curva-
ture of the EM transient were investigated. However, the noise on the
data prevents the reliable identification of these time intervals. Thus,
data must be first denoised. Among various techniques, we chose to
low-pass filter using the Discrete Wavelet Transform (DWT; Fedi and
Quarta, 1998). In the wavelet domain, the scales may be associated
with the frequency: small scales are in connection with high-frequency



Fig. 3. (a) The EM transient (blue curve) sampledwith 21 gates in log-gating configuration and its curvature (green curve). (b) The inversemodels, obtained by removing different groups
of three adjacent gates, are compared with the true model (“TRUE” column) and with that obtained using all the available gates (“ALL” column). (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)
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components of the signal and large scales with those at low frequency.
Thanks to the characteristics of the DWT to provide a time-scale approx-
imation of the analyzed signal, it is possible to perform a localized
denoising, that is filtering certain frequencies only at some times leaving
intact the rest of the signal.
Table 1
Parameters of the electromagnetic airborne system used in the simulation.

Secondary field dB/dt (V/m2), vertical component Z

Flying height 30 m
Magnetic moment 160,000 Am2

On-time 7000 μs, trapezoidal waveform
Off-time 13,000 μs
Ramp-on 4000 μs
Ramp-off 100 μs
Low pass filter 100 kHz
Fig. 4 shows the effect of the DWT on one of the transients (Fig. 4a).
The DWT filtering includes a multiresolution analysis of the signal
(Fig. 4b). In this case the EM transient is decomposed in 7 details at dif-
ferent scale and a low resolution approximation of the signal (black line
on the upper part of the multiresolution graph, Fig. 4).

The noise gives evidence on different scales, and especially on the
scales with number −4, −5, −6 and −7 and from 110th sample that
represents the point when the EM transient drops into the noise. To re-
move it we set the coefficients to zero of the DWT corresponding to
these scales (Fig. 4d), and the filtered signal (Fig. 4c) was then recon-
structed using the details from −1 to−3. The residual signal (Fig. 4e)
shows that the filtering acts for the entire transient and especially
where the effects of noise become dominant on the secondary field.

After the filtering of the EM transient, we identified the most sensi-
tive time intervals and we sampled the data of the continuous acquisi-
tion using 21 gates by both the adaptive-gating and log-gating schemes.



Fig. 4.DWT filtering on EM transient. (a) Original EM transient. (b)Multiresolution of the original data. (c) Filtered EM transient. (d)Multiresolution of thefiltered data. (e) Residualfiltering.

Fig. 5. (a) Four-layer model with a third conductive layer between two resistive layers;
(b) four-layer model with a third resistive layer between two conductive layers.
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The last step was the 1D inversion with AarhusInv inversion code
(Kirkegaard and Auken, 2015) of these data and the comparison of the
resulting models. We want to stress here that no filtering were applied
to data prior to the inversion.We used theDWTfiltering only to identify
the time intervals (maxima of curvature) where to adapting the gating.

3. Results

We first tested our approach on synthetic TDEM data obtained from
two different individual 4 layersmodels. Thefirst four-layermodel has a
third conductive layer between two resistive layers (Fig. 5a).

The second four-layer model has a third resistive layer between two
conductive layers (Fig. 5b).

Thenwemoved to amore complex structure that could be represen-
tative of a buried valley model.

The buried valley model consists in a series of 52 four-layer models,
with a thickness variation of the second resistive layer (Fig. 12a).

Below we will show all the steps of the application of our approach
for the two four-layer models. The same steps were followed also for
every sounding of the buried valley model, even if we will show only
the final results.

3.1. Four-layer models

First, we calculated the forward response for the considered model
using 147 logarithmically spaced gates in time interval between 10−5

to 10−2 s. The center time of the first gate is 1.2 × 10−5 s and the center
time of the last gate is 9.8 × 10−3 s. The datawere perturbedwith a ran-
dom noise and we calculated the curvature of the EM transient (Fig. 6).

The noise in the data is strongly enhanced in the second derivative of
the EM transient and makes it impossible any reliable identification of
the most representative maxima of the curvature. A denoising filter is
then applied to emphasize those time intervals atwhich the gatewidths
reduce or enlarge following the adaptive-gating scheme. The DWT
proved to be a suitable low-pass filtering technique. As we are dealing
with synthetic data, we could compare the filtering results with those
achieved with noise-free data and we verified that the positions in
time of our maxima of curvature in the filtered data were the same of
noise-free data (Fig. 7).

We computed the second derivative of the filtered EM transient and
could easily identify the time intervals corresponding to the maxima
(Fig. 8), marking the transition from data mostly influenced by the
upper resistive layer to thosemostly influenced by the below conductive
one. The identification of the maxima was performed by considering



Fig. 6. (a) EM transient (blue curve) and its curvature (green curve) for the first four-layer
model earth; (b) EM transient (blue curve) and its curvature (green curve) for the second
four-layer model earth. (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article.)

Fig. 7. Comparison, for the first and the second four-layer model earth, between the identifiedm
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only those having a great amplitude (at 3 × 10−4 s in Fig. 8a; at 3 × 10−5

and at 3 × 10−4 s in Fig. 8b) and discardingminor oscillations of the sec-
ond derivative (at 6.7 × 10−4 s in Fig. 8a; at 7.7 × 10−5 s and 7 × 10−4 in
Fig. 8b). Moreover, we excludedmaxima at the late times, when the S/N
ratio is evidently low.

Thenwe sampled the data according to the adaptive-gating and log-
gating schemes, by defining the center and the width of 21 gates. The
adaptive-gating approach was different from the ‘classical’ log-gating
scheme in that we sampled the EM transient by reducing the gate-
width at the time corresponding to the maximum of curvature, with a
progressive increase of the gates widths at the sides of the identified
maximum. The upper colored bar in Fig. 8 show the gate widths deter-
mined by our adaptive-gating schemewhile the lower bar shows those
defined in the log-gating scheme; the colors correspond to the gate-
width. Our adaptive scheme departs from the previous log-gating only
near the maxima of the transient curvature. The gate-width is smaller
with respect to the log-gating scheme in correspondence to blue or
light-blue colors, while is slightly greater at their sides (red bars in
Fig. 8).

The data sampled with both the adaptive-gating and log-gating
schemes were inverted with AarhusInv inversion code (Kirkegaard
and Auken, 2015).

The results of individual inversions depend significantly on the ran-
dom noise present in the data and this can overprint the effect of the
type of sampling used, preventing us from getting a unique conclusion
on the validity of our new approach to sampling the EM transient.

To overcome this problem we decided to conduct our study with a
probabilistic approach. We carried out 1000 inversions with adaptive-
gating configuration and 1000 inversionswith log-gating configuration,
considering 1000 different random noise realizations.

In this way, our results are independent from a specific random
noise, but depend only on the gating scheme that we used.

The Fig. 9 synthesizes all the steps that we conducted for the consid-
ered four-layer models.
axima of curvature for free-noise data (a and b) and filtered data through DWT (c and d).



Fig. 8. (a) EM filtered transient (blue curve) and its curvature (green curve) for the first
four-layer model earth; (b) EM filtered transient (blue curve) and its curvature (green
curve) for the second four-layer model earth. The dashed circles mark the maxima of
curvature. The lower and upper colored bars indicate the width of the gates for log-
gating adaptive-gating schemes, respectively. The colors correspond to the gate-width.
(For interpretation of the references to color in this figure legend, the reader is referred
to the web version of this article.)

Fig. 9. All the steps of our workflow to make compa
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From the 1000 inversionmodels for both sampling schemes, we cal-
culated an average inverse model and compared the results with the
true models. The results for the two four-layer models are shown in
Figs. 10 and 11, where the true model (blue curve), the average model
(black curve) and the 1000 inverse models (red curves) are plotted in
the depth/resistivity space.

As we can clearly see from Fig. 10, the adaptive gating, detailing the
sampling at the maximum of the curvature (Fig. 8a), allows the inver-
sion to recover more accurate information on the resistivity and the
thickness of the third layer, with respect to the log-gating.

The results are similar also for the second four-layer model. In this
case, the second derivative showed two maxima of curvature (Fig. 8b),
marking the transition, respectively, between the first and the second
layer, and the third and the fourth layer (Fig. 11).

A closer inspection of the scattering of the individualmodels also re-
veals that the adaptive gating provides, in general, more precise results
(i.e., closer to true model, smaller dispersion and standard deviation)
across all layers. In fact, based on the 1000 inversion models, for both
four-layer models, we also carried out a study on the precision of the
recovered model parameters. In particular, we calculated the standard
deviation, as percentage, associated with the resistivities and the thick-
nesses of the average models. The results are listed in Table 2:

As we can see, the parameters obtained using the adaptive-gating
scheme are more precise than those in log-gating scheme.
3.2. Buried valley model

The next experiment is related to a simulation of the field data from
a buried valley structure. All the steps in the previous sectionwere inde-
pendently applied for each of the 52 soundings in this simulation. That
is, the time of the gates varies across the 2D model. For each sounding,
we calculated an average model from the 1000 inversions in both
adaptive-gating and log-gating scheme. The plotted results refer to the
52 average models obtained with the two tested sampling schemes
(Fig. 12). The adaptive-gating allowed us to recoverwithmore accuracy
the geometry of the buried valley (Fig. 12b). The thicknesses of the sec-
ond and the third layer are better defined than in the log-gating case,
rison between adaptive-gating and log-gating.



Fig. 10. True model (blue curve), average model (black curve), 1000 inverse models (red
curves) for the first four-layer model obtained with adaptive-gating (a) and log-gating
(b) schemes. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

Fig. 11. True model (blue curve), average model (black curve), 1000 inverse models (red
curves) for the second four-layer model obtained with adaptive-gating (a) and log-gating
(b) schemes. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)
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especiallywhen the depth of the third layer is greater than 120m.At the
sides of the section, where the third conductive layer is located at shal-
low depth, both configurations give correct results and its geometry is
correctly retrieved. Conversely, when the depth to the third layer in-
creases, the classical log-gating of the EM transient can lead to consider-
able errors on both resistivity and thickness of the third layer (Fig. 12d).
For each average model, we calculated also the data residual defined as
(Auken and Christiansen, 2004): from the Fig. 12c and ewe can see that
the values are similar for both gating schemes and every model fits the
data within the noise level.

Based on the 1000 performed inversions we also carried out a study
on the precision of the model parameters recovered. In particular, we
calculated the standard deviation associated with the resistivity
(Fig. 13) and the thickness (Fig. 14) of average models.

In general, the standard deviation of the resistivity decreases in the
central soundings, while the standard deviation of the thickness in-
creases for the same soundings. However, for both parameters, the stan-
dard deviation is lower for the models obtained by using the adaptive-
gating scheme.

In conclusion, by sampling the EM transient with the adaptive-
gating scheme we obtain inverse models that are more accurate
(Fig. 12), more precise (Figs. 13 and 14) than standard sampling
scheme. These results yield overall more reliable information on the re-
sistivity structures of the subsurface.
4. Discussion

From the shown examples, it is evident that the adaptive gating
technique allows to solve accurately the geometry of the subsurface
structures. Considering the example of a buried 2D valley, the depth
and the thickness of the electro-layers are better determined by our
technique than by standard methods. Although this structure can be
considered a rather common one in hydrogeological applications, we
expect good results also in the case of structures typical of other areas
of exploration (e.g.: oiltrap structures).

The results shown were obtained by considering the changes of
slope in transient electromagnetic related to resistivity contrasts be-
tween the layers in the subsurface and defining a detailed sampling in
correspondence of the maximum of curvature which mark the transi-
tion between resistive layers to conductive layers. However, similar var-
iations of shape, and then variation of slope, within an electromagnetic
transient, may also be due to other effects, not taken into account in this
work, such as the effects of the low-pass filter at the receivers or the
presence of highly polarizable bodies that can lead to induced polariza-
tion phenomena. It is expected that applying the adaptive gating also to
these effects would be beneficial to a more accurate sampling and
modeling of these effects. This in turn will provide better recovery of
the resistivity distribution in the subsurface.

As we have shown, using adaptive-gating can improve the accuracy
of the recovered models.



Table 2
Standard deviation as percentage of the value of the model parameters obtained with adaptive-gating and log-gating schemes for both four-layer models used in this simulation.

First four-layer model Second four-layer model

Adaptive-Gating Log-gating Adaptive-Gating Log-gating

Resistivity (%) Thickness (%) Resistivity (%) Thickness (%) Resistivity (%) Thickness (%) Resistivity (%) Thickness (%)

1° layer 1 6 1 7 1 5 1 5
2° layer 11 8 48 11 25 17 28 18
3° layer 28 15 40 30 78 8 90 8.7
4° layer 93 122 36 38

Fig. 12. (a) True buried valley model. Buried valley model obtained with adaptive-gating (b) and log-gating (d) schemes. Data residual for each average model using adaptive-gating
(c) and log-gating (e) configuration.

53D. Di Massa et al. / Journal of Applied Geophysics 125 (2016) 45–55



Fig. 13. Standard deviation associated with the resistivity of the average inverse models for adaptive-gating (a) and log-gating (b) schemes.
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Our approach simply departs from the log-gating, adding or remov-
ing one or two gates in correspondence themaximaof the transient cur-
vature (Fig. 8) to get the new binned scheme. In our cases, this imply a
decrease of the 20–30% of the gatewidths at themaximumof curvature,
compared with those in log-gating scheme. These values may vary de-
pending on some dataset characteristics (e.g., sampling rate, etc.), but
we expect that the optimum value should not depart significantly
from this figure.

We do however realize that in real AEM data, some post-processing
filtering procedures are often applied to the acquired data (e.g., leveling
or bias removal). Such procedures usually require constant sampling
scheme of the transients, and are therefore probably unsuitable for
completely unconstrained adaptive gating. This may imply that the
right compromisemight be found in slowly varying adaptive gate times.

On a related note, another reason for not applying the same log-
gating throughout a given AEM survey is given by the fact that the
Fig. 14. Standard deviation associated with the thickness of the average
overall S/N ratio might, and usually does, vary across the survey area.
Reasons vary from the presence of noisier background areas (natural
or man-made activities) to varying geology (varying secondary signal),
to varying AEM system altitude (e.g., higher flying height due to forest-
ed areas). It would beworth considering customized gating for each one
of these areas, based on the local S/N conditions, with the aim of using
best the gates. For example, in places where the signal drops into
noise early in the transient, it would be beneficial to move most of the
gates above the noise level (albeit narrowing them).

5. Conclusions

We have presented a new approach for defining a gating scheme for
the sampling of the AEM data obtained from modern airborne EM sys-
tems. Instead of defining a priori the type of gating (such as log-
gating) and the characteristics of the gating of the different channels
inverse models for adaptive-gating (a) and log-gating (b) schemes.
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(center times,width), we showed that itmay be advantageous to define
a priori only the maximum number of channels to use, and place them
adaptively across the transient.

The method is based on sampling the EM transient decay in a more
detailed way in correspondence of the maxima of the curvature of the
data, marking the transition from a resistive layer to a conductive one.
The adaptive-gating scheme consists in reducing the width of the gate
in correspondence of the maxima of the curvature and increasing the
width of the adjacent gates at its sides in a progressive way.

However, the computation of the second derivative of the EM tran-
sient enhances excessively the noise contained in the signal, so our
method necessarily involves a preliminary low-pass filter.

We chose to use a technique based on Discrete Wavelet Transform
that allows performing a localized denoising. The study of synthetic
data allowed us to verify that the DWT is a suitable filtering technique
for this type of signal. This leads us to consider the possibility of using
DWT during processing of AEM data.

The improvements in both the accuracy andprecision of the estimat-
ed parameters of the inverse models obtained with the adaptive-gating
scheme, confirm the validity of the idea of adapting the sampling of the
EM transient to the specific characteristics of the data.

Although our study was conducted on synthetic data, the results
have been very encouraging and have demonstrated that an adaptive
sampling of the EM transient can producemore correct inverse resistiv-
ity models, and subsequent interpretations.

In this paper we didn't investigate a way to automate this procedure.
However, we think that some ideas to automate the denoising of the sec-
ond derivative and the selection of its maxima could be implemented.

To denoise the datawith DWTwe could choose to filter a fixed num-
ber of scales for all the survey. The scales to be filtered could be checked
by a preliminary analysis of a selection of soundings fromdifferent areas
of the survey. As about the identification of the maxima, we think that
some criteria involving an amplitude threshold of the maxima and ex-
cluding the late times, when the S/N ratio is evidently low, may be ap-
plied with success or even a combined study of the first and the
second derivative of the EM transient.

We demonstrated the validity of our technique when applied to 1D
cases. We plan to investigate under which conditions this approach, or
parts thereof, can be applied successfully in more complex 2D or 3D
cases.
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