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Figure 6-28. The left hand plot shows the data after low pass filtering with X =2, Y = 1, Gaussian (0.5m x
1m window). The right hand plot shows the results of interpolation twice in the Y direction using the
Sinx/x method.

Figure 6-29. The left hand plot shows the data after low pass filtering with X = 4, Y = 1, Gaussian (1m
square window). The right hand plot shows the results of interpolation twice in the Y direction using the
Sinx/x method.
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Introduction to Processing Techniques

A range of processing techniques are described next which make good use of the flexibility of the “toolbox” of
process functions to achieve more complex tasks and extend their capability. Some techniques, such as merging
dual gradiometer data are relatively simple whilst others, such as the generation of contour lines illustrate how, with
some thought, quite complex results can be achieved. The techniques on dealing with difficult periodic errors shows
how the standard functions can be improved by combining with novel use of other functions.

Merging Dual Gradiometer Data

Introduction

The FM256 fluxgate gradiometer system can be operated as a dual gradiometer system whereby two gradiometers
are carried together 1m apart and are used to collect data simultaneously. Depending on the configuration used, this
may be for covering a given area twice as fast or for covering the area with more detailed sampling. The grid data
from each instrument is downloaded normally, and combined, using a master grid, into two separate composites.
The Merge facility on the File menu is then used to combine the two data sets into one final composite. Some pre-
processing is usually required before the merge.

When merging data Geoplot uses the suffix at the end of a composite name to identify slave and master data sets.
By convention the data set ending in ‘a’ is the slave gradiometer data and that ending in ‘b’ is the master
gradiometer data. This corresponds with the positions of the gradiometers on the carrying frame — see FM256
manual.

As outlined above, the grid data from each instrument is first downloaded using file names such as ‘1a’, ‘2a’, ‘3a’
etc for the slave gradiometer data and ‘1b’, “2b’, “3b’ etc for the master gradiometer data. A Master Grid is then
created for each data set — these might called ‘ma’ and ‘mb’ to identify slave and master data. A composite is then
created for each data set — likewise these might called ‘ma’ and ‘mb’ to identify slave and master data. The Merge
Composites facility on the File menu can then be used to merge the two data sets into one final composite — see
figure 6-2 for the Merge Composites form.

Before the two composites are merged however, they may require some processing to make them match properly.
This may include: (a) shifting the background level of one data set relative to the other, caused by any slight
remanent magnetisation of the carrying frame or different instrument zero points, (b) application of Deslope to
correct for drift within the grids within the data sets and (c) adding some random noise to one data set to enhance
visual matching (usually not required). In addition, if periodic errors are present these may be different for each
instrument so you should then consider using Spectrum and Periodic Filter before merging data sets; this avoids the
unnecessary introduction of artifacts at a particular frequency into a data set had no problem. The data is usually
clipped as a matter of routine.

Step (a) is usually achieved using either Zero Mean Grid to quickly and easily match the background levels.
However, if there are extended high magnitude ferrous responses, individual grid background levels may not match,
even when the Zero Mean Grid Threshold is adjusted. In this case the Add function can be used to bias individual
grid pairs — see the next section, ‘Dealing with Difficult Merging of Composites’ for details. Usually Step (b) is not
required since the Zero Mean Traverse function will be applied to the merged data at a later stage and this will
automatically remove slope errors. Once data is successfully merged follow the steps discussed in ‘Guidelines for
Processing Gradiometer Data’.

Example Merge

Figures 6-3 and 6-4 show two gradiometer composites collected using the dual carrying system operated in Double
Density mode, prior to merging. Data set ‘a’ was collected with an FM36 acting as a slave whilst data set ‘b’ was
collected with an FM256 acting as a master to the FM36; zig-zag traverses were used. Sample interval was 0.25m
and traverse interval was 1m for both instruments. The resultant traverse interval after merging becomes 0.5m.

There is no slope in the data and no signs of periodic error (confirmed using Geoplot’s Spectrum process function).
In order to estimate any random noise that might need adding, either compare the noise characteristics of the two
instruments prior to surveying in the lab or select the same quiet area in each composite and compare standard
deviations. Adopting the latter route here, and selecting a rectangle of 28 x 6 readings in the bottom left hand corner
which was clear of iron responses, gave standard deviations of 0.59 and 0.58 indicating no need to add any noise.
This is in agreement with the known noise characteristics of the two instruments. If noise needs to be added, use
Geoplot 3’s Random process function. In general, routine final processing applied to the merged data, i.e. low pass
filtering and interpolation, will remove any need to match noise characteristics closely.
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A comparison of the images of figures 6-3 and 6-4 indicates that a bias needs to be added before the data sets are
merged. The Complete Statistics forms also indicate this but since iron spikes are present these will distort the
statistics; standard clipping of the data at +/-3 SD still gives different background means: 0.23 nT for ‘a’ and —1.63,
confirming a bias is still required. The simplest approach for preparing the data is to use Zero Mean Grid and this is
used in our example, saving the composites as ‘acya’ and ‘bcyb’ to comply with the suffix requirements of the
Merge facility. If edge matching is not correct adjust the Zero Mean Grid Threshold until matching is correct. If
Add is used to prepare the data then the data is clipped at +/-5nT to reject the effect of iron spikes and the mean is
noted. In the data sets in our example, the resulting means are —0.3094 for ‘a’ and —1.5836 for ‘b’ and these are
subtracted from each standard clipped data set respectively before saving as ‘aa’ and bb’.
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Figure 6-2. Merge Composites form showing composites ‘acya’ and ‘bcyb’ selected.

When no further processing is required choose ‘Merge Composites’ on the File menu to combine the two data sets
into one final composite. Figure 6-2 shows the Merge form and the selections that would be made to merge these
two particular data sets. The graphic in the bottom left hand corner of the Merge form reminds you of the two
gradiometer positions whilst the instructions in the top right hand corner remind you of the two files to select — they
must have suffixes of ‘a” and ‘b’.

Figure 6-5 shows the two data sets ‘acya’ and ‘bcyb’ merged to form composite ‘cyab’. Further processing includes
application of Zero Mean Traverse (with thresholds of +/-5nT) to remove the slight banding in the right hand grid,
figure 6-6. Use of Spectrum still shows no periodic error and there is no need to Destagger the data. Final
processing is a small amount of low pass filtering (X=2, Y=1) and a single interpolation in the Y direction to
produce the final plot of figure 6-7 which has sample and traverse intervals of 0.25m.
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Figure 6-3. Data set ‘a’, half of a dual gradiometer data set, prior to merging with data set ‘b’.
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Figure 6-4.

Data set ‘b’, half of a dual gradiometer data set, prior to merging with data set ‘a’.
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Figure 6-7. Final processing stages with application of Low Pass Filter (X=2, Y=1) and Interpolate x2 in
the Y direction, resulting in a sample and traverse interval of 0.25m.
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Difficulties in Merging of Composites

As we noted in the previous section, if there are extended high magnitude ferrous responses, individual grid
background levels may not match, even when the Zero Mean Grid threshold is varied. To work around this problem
some grid pairs must have bias added on an individual basis using the Add function. These are then pasted onto the
main merged composite. Figure 6-8 illustrates the problem. This is part of a much larger dual gradiometer survey
over a Roman Fort, the majority of which was merged successfully using just Zero Mean Grid. However this
particular section was surveyed over the edge of the ramparts and ditches where the ground slope was nearly 45
degrees in places. This made carrying the system difficult and has resulted in background zero errors. Some large
magnitude ferrous responses compound the problems making merging of the grids difficult.

Data set ‘a’, of dual gradiometer data set

Data set ‘b’, of dual gradiometer data set

Data sets ‘a’ and ‘b’ merged

Data sets ‘a’ and ‘b’ merged after first using
Zero Mean Grid for each composite.

Figure 6-8. Group of four 20m square grids illustrating the problems sometimes encountered when trying
to merge composites that were surveyed in difficult conditions. Sample interval is 0.25m and merged
traverse interval is 1m. Plotting range is —5nT to +5nT.

Figure 6-9. The first two plots show the ‘a’ and ‘b’ parts of the end grid of figure 6-146. The right hand
plot shows the resulting merged composite after shifting each composite according to the mean value in
the process areas shown. Plotting range is —5nT to +5nT.

The bottom two plots of figure 6-8 show signs of mismatch striping that could normally be removed using Zero
Mean Traverse, especially on the right hand side. However, in this situation Zero Mean Traverse removes the ditch
responses, even using the thresholding facility, so an alternative means of matching the grids prior to merge is
required. This is done by converting the ‘a’ and ‘b’ parts of each grid into individual composites and then measuring
the mean of a quiet area in each composite using the Statistics function. A number equal in value to the mean, but
opposite in sign, is then added to the whole of each composite to shift its background level to zero. Figure 6-9
shows, in order, the “a” and ‘b’ parts of the end grid of the group of four (converted into composites), followed by
the resulting merged composite after each part has been shifted by the mean value. In this case ‘a’ was shifted by
+0.36nT and ‘b’ by +2.56nT. The matching is now much better with the striping effect no longer apparent.



Data Processing 6-153

Figure 6-10 (bottom plot) shows the results of applying the same process to each grid in turn and pasting them all
together using Cut and Combine. For comparison, the usual approach of using Zero Mean Grid is shown in the
upper plot of figure 6-10 — processing grids individually in this case greatly improves the resulting merged
composite. Figure 6-11 shows the same data after final processing with Low Pass Filter and Interpolate.

Merge using Zero Mean Grid

Merge using statistics of quiet areas

Figure 6-10. Comparison of (a) merged composites after biasing individual grids by the mean of selected
quiet areas (top plot), with (b) merged composites using normal Zero Mean Grid.

I — g ' ‘ !

Figure 6-11. Final processing stages with application of Low Pass Filter (X=2, Y=1) and Interpolate x2 in the Y
direction, resulting in a sample and traverse interval of 0.25m.
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Dealing with Difficult Periodic Errors

Some periodic errrors can be very difficult to deal with and applying Spectrum and Peridic Filter in the normal way
will still result in large residual errors. Usually this is because the errors are very large or because the error changes
as it goes from one side of a grid to the other. This section shows some approaches you can use to try to tackle these
difficult data sets.

Using Median Filter as a Residual Error Detector

Figure 6-150 shows a plot of gradiometer data that has a large periodic error superimposed on it — the bands are of
the order of 3nT. The spectrum plot on the right shows the priciple frequencies at Frequency Indexes of 17, 18, 30
and 32, though there are also smaller responses at 16, 31 and 33. Figure 6-151 (left) shows the result of first
applying the Periodic Filter at Frequency Indexes of 16, 17 and 18 — normally just one or two frequency indexes
would be applied but since the response is so strong all three indexes are required here. Checking with Spectrum
confirms that this reduces the lower frequency components, leaving the higher frequency components still visible in
the data plot and spectrum plot. Further applying the Periodic Filter at Frequency Indexes 30, 31, 32 and 33 removes
these high frequency components, and checking a Spectrum plot of the resulting data set indicates that a final
Periodic Filter at a Frequency Index of 18 is required to remove any residual responses in the spectrum.

The centre data plot of figure 6-151 shows the overall final plot after full use of the Periodic Defect filter and the
spectrum plot, far right of figure 6-151 confirms the periodic errors have been successfully removed. However,
there are still residual errors visible which cannot be removed by the Periodic Filter. Instead, we can use the Median
Filter to detect the position and magnitude of these outliers, and using a combination of Cut and Combine and
Search and replace a correction can be generated to compensate for these errors.

Figure 6-152 (left) shows the result of applying a Median Filter with X=1, Y=1 to the periodic filtered data. Figure
6-152 (right) shows the result of using Cut and Combine (subtract) to find the effect of the Median Filter and the
outliers can now be seen in the plot, together with smaller responses. Next we use Search and Replace to replace all
readings in the range +3 to —3 with 0, the replace level being set equal to the magnitude of the errors, figure 6-153
(left). This provides the basis of the compensation data set we will apply, but looking carefully at the compensation
data set, certain responses are visible that correspond to possible real features, not residual periodic errors. These are
selectively replaced, figure 6-153 (centre) with zero too, using the mouse to select process areas, so as not to lose
the features when the compensation is applied. This compensation data set is now added to the periodic filtered data
set to produce the cleaned up plot of figure 6-153 (right). There is now no sign of the periodic errors or their
residuals.

This approach can be applied to more than one grid simultaneously, though generally much better results are
obtained if processing is done on an individual grid by grid basis since the periodic error will usually be different in
each grid and the Median Filter may not be able to select outliers at the edges of grids if there is adjacent data.

Using Zero Mean Traverse to Further Remove Residual Periodic Errors

If the periodic error is large and changes in magnitude from one side of the grid to the other, use of Periodic Filter
and the Median Filter as an outlier detector may be insufficient to remove all errors. Figure 6-154 (left) shows
gradiometer data with strong periodic errors of about 3nT predominantly at the left hand side, decreasing along the
traverse. Use of the Periodic Filter and Median Filter as an outlier detector improves the data considerably, figure 6-
154 (centre plot), but residual vertical banding (+/-0.6nT) is still visible, slightly more so at the left hand side of the
plot.

If the residual error is relatively uniform from top to botton of a composite then the Zero Mean Traverse function
may be used to futher reduce this error. periodic The data is first rotated through 90 degrees, using Rotate on the
Edit menu, and Zero Mean Traverse is then applied with thresholds set to on, to reduce the effect of real anomalies.
The resulting plot when rotated back again, figure 6-154 (right), shows much reduced banding. Only use the Zero
Mean Traverse function in this way after periodic filter has been used — attempting to use Zero mean Traverse alone
will not result in the smaller magnitude periodic errors being removed and trying to use Periodic Filter subsequently
may well not work since the periodic components will have been changed.
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Figure 6-150. Gradiometer data (left) and spectrum (right) showing periodic errors of about 3nT at
frequencie indexes of 16, 17, 18, 30, 31, 32 and 33. Data plotted with Min=-5, Max=+7, Contrast = 1.5.

Figure 6-151. Application of Periodic Defect at 16, 17, 18 (left), plus 30, 31, 32 and 33 (middle) and 18
again results in a clean spectrum plot (right) but residual errors still visible.
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Figure 6-152. Median Filter (1x1) is applied to filtered data (left), and Cut and Combine is used to
generate the difference between this and periodic filtered data (right).

Figure 6-153. Search and Replace is used to replace readings in the range —3 to +3 with O (left). Obvious
features that should be retained are replaced with 0 (middle), before adding this data set to the periodic
filtered data to produce the final clear plot on the right.
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Figure 6-154. Gradiometer data (left) shows strong periodic errors of about 3nT predominantly at the left
hand side. Use of the Periodic Filter and Median Filter as an outlier detector improves the data
considerably (centre plot) but residual vertical banding is still visible. Rotating through 90 degrees to use
Zero Mean Traverse removes these residual errors.

Reducing Banding at the start of Gradiometer Grids

The same technique used to remove residual periodic errors can be used to remove any slight banding that occurs at
the start or end of gradiometer grids, running perpendicular to the traverse direction. Again data is rotated through
90 degrees and Zero Mean Traverse is applied, usually with thresholds, before rotating the data back.

Figure 6-155 shows sample gradiometer data, gstatd\l.cmp, that has just been pre-processed with Zero Mean
Traverse, Threshold off. This survey consists of 6 grids and you can just see light vertical banding at the start of
each grid. Rotating the data through 270 degrees, applying Zero Mean Traverse with Threholds of +/-5nT and then
rotating back through 90 degrees removes a great deal of this banding, figure 6-156. Other data sets can show much
better improvement if the banding is more apparent.

Figure 6-155. Gradiometer data showing light vertical banding at the start of each grid, perpendicular to
traverse direction.

Figure 6-156. The majority of banding is removed after rotation through 270 degrees, application of Zero
Mean Traverse with Thresholds of +/-5nT and rotation back through 90 degrees.
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Removing Edge Errors at the start or end of Gradiometer Grids

Edge errors can occur at the start or end of gradiometer surveys for a number of reasons. Two examples are (a) the
surveyor is doing zig-zag surveys and turns around too quickly before properly finishing a traverse, causing an
invalid change in reading (an end of grid error), or (b) the surveyer adopts a slightly different posture as the ST1
sample trigger is set to On, causing a slight tilt in the system and invalid reading (a start of grid error). An example
of end of grid errors is shown below in the left hand plot of figure 6-x — these are of the order of —-2nT to -3nT. The
data is in the form of a single 20m grid with sample interval of 0.5m and traverse interval of 1m.

There are two mothods we can use to automate correction for this error. Both involve transferring, using Cut and
Combine (Paste), the last two columns of data to a blank composite for manipulation, centre plot of figure 6-x. If
you have more than one grid to correct you can apply the same process in one pass to a column of several grids.

In the first method use Despike with X=Y=1, Replace = Mean and aThreshold set to 2 standard deviations instead of
the normal 3 standard deviations to force it to pick up on the lower level signals. The resulting plot is shown in the
right hand plot of figure 6-x. Next, use Cut and Combine to paste this back to the main composite as shown in the
left hand plot of figure 6-x. The edge error has now been removed. Looking carefully at the new plot, not that the an
iron spike 2/3 of the way down the right hand side has been removed and also the negative response assocaiated
with the larger iron spike in the lower right hand corner has also been removed. If you do not wish these to be
removed then a manual correction should be applied using the Add function as shown in the right hand plot of
figure 6-x.

H L
o s
SRS ™
Figure 6-x. Left hand plot : gradiometer data with edge errors. Centre plot : last two columns of data

pasted into a blank composite. Right hand plot : data after despiking with Threshold = 2 SD. Plotting
range Minimum = -2nT, Maximum = +2nT, Contrast = 1.5.
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bl bl

Figure 6-x. Left hand plot : gradiometer data with error corrected data pasted back in place. Centre plot :
spike data restored. Right hand plot : alternative correction method using median filter.

The second method follows a similar procedure outlined in the earlier section, Dealing with Difficult Periodic
Errors. A median filter is used to detect the errors in the temporary data pasted onto the blank composite. Search and
Replace is used to replace readings in the range —2000nT to 1nT with zero, leaving only positive data corresponding
with the edge errors. This data is then added to the original data set to correct for the edeg errors, right hand plot of
figure 6-x. Note that although this method is more involved it does preserve the spike information better without the
need for further corrections.
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Interpolation of Sparsly Sampled Data

We have seen in the earlier processing case studies that low pass filtering and interpolation is used to produce the
final presentation plots which generally have equal sample and traverse intervals, typically 0.25m. However, if the
raw data is sparsly sampled it can be difficult to achieve a pleasing result unless the correct sequence is followed.
We can use the gradiometer data of the previous section to illustrates the correct sequence. The left hand plot of
figure 6-x shows the data after the intial processing described opposite.

Figure 6-x. Correct sequence for interpolating sparse data. Left hand plot : gradiometer data, sample
interval 0.5m, traverse interval 1m. Centre plot : first stage, low pass filtered, X=2, Y=1, Gaussian. Right
hand plot : final stage, interpolated X, interolated Y, interpolated Y. All use Sinx/x interpolation method.

The first step is to apply a small amount of symmetrical low pass filtering to reduce artifact generation, with the
window size ideally small enough to preserve detail. The X and Y radii of the window are chosen to match the ratio
of sample and traverse intervals so that the resulting window size, in terms of metric dimensions, is square;
Gaussian weighting, rather than Uniform weighting, is used to minimise generation of artifacts. The traverse
interval sets the minimum Y value at 1, and hence the matching X value must be 2 for a symmetrical window size of
1m x 1m. The centre plot of figure 6-x shows the results of this first stage. Interpolation can now be applied to the
data, typically in the order X, Y and then Y with the final result shown in the right hand plot of figure 6-x. The plot
is smooth with no sign of directional artifacts associated with the unequal original sample and traverse intervals; the
form of the central iron spike near the centre is preserved too, with no sign of smearing. There is very little
difference if the order of X and Y interpolation is changed — the important point is to low pass filter first with a
symmetrical window so that any subsequent interpolation does not propogate any asymmetrical data sampling.

The sequence of plots shown in figure 6-x illustrate what happens if low pass filtering is not applied or is applied
too late. The first two plots of figure 6-x show interpolation only applied : regardless of the order of application, in
either X or Y directions, the plots show artifacts or banding in the Y direction. The right hand plot of figure 6-x has
had the data interpolated in the Y direction first, resulting in an equal sample and traverse interval of 0.5m : this
allows a symmetrical low pass filter window of X =Y =2, ie 1m x 1m size as before. The data is then interpolated
in the X and Y directions and though artifacts are no longer visible in the Y direction, the white negative area is
more diffuse and smeared out than before. Also, because there is a smaller amount of interpolation applied after the
low pass filtering than before, the iron spike retains its square shape and does not have a smoothed appearance
which is one of the objectives of this final interpolation stage.

Figure 6-x. Incorrect sequences for interpolating sparse data. Left hand plot : data interpolated X,
interolated Y, interpolated Y, no low pass filtering. Centre plot : data interpolated Y, interpolated Y,
interpolated X, , no low pass filtering. Right hand plot : interpolated Y, low pass filtered X=2, Y=2,
interpolated X, interpolated Y. All use Sinx/x interpolation method.
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Statistical Detection applied to Gradiometer Data

Gradiometer data in a uniform magnetic field has a mean of 0 and a Gaussian random distribution centered about 0.
The standard deviation of this random noise for Geoscan instruments is of the order of 0.15 nT or lower with
appropriate sampling and data processing. The total random noise in a survey map is made up from contributions
from the magnetometer, the site geology and defects in the operator’s field method.

Statistically speaking any noise data with a magnitude greater than approximately 2.5 standard deviations is unlikely
(0.5 %), and at the 3 standard deviations level very unlikely indeed (0.1%). The corresponding likelyhood at 2
standard deviations is 2.5%.

Therefore, by setting a threshold at 2.5 standard deviations and accepting only data greater than this threshold, we
can create a statistical detection method or technique with which we can say “we are statistically confident that there
is only a 0.5% chance that data greater than the threshold was caused by noise in the survey”. This suggests that
features which exceed the threshold are from a different population, ie one with a feature induced signal level
greater than zero. Even greater certainty can be obtained by setting the threshold at 3 standard deviations. The
detection threshold is site and survey dependent but can easily be obtained by measuring the standard deviation of
the survey data in a “quiet” or feature free area.

Figure 6-160 shows a gradiometer survey over a collection of low level burnt hearths (plotting parameters :
Minimum = -2nT, Maximum = +2nT, Contrast=1.5). A combination of high sampling density (16 readings per
square meter) and appropriate data processing (see earlier in this section) results in a background noise level, as
measured in the square shown, of 0.14nT. This includes soil, instrument and field method noise. The processed data
shown has sample and traverse intervals 0f 0.25m.

Statistical detection can be helped if a low pass filter with uniform weighting is applied first to smooth out noise.
The overall width of the filter should ideally match the likely diameter of the targets of interest since this optimises
the response to the target but at the same time maximises noise reduction. A uniform filter is used since it easier to
match the filter width to likely target width. Figure 6-161 shows the results of applying a uniform weighted low pass
filter with X=Y=2; the noise measured in the square is now 0.1nT. The filter diameter in this case is 5 x 0.25m =
1.25m which most nearly matches the expected diameter of the smallest hearths which are of the order of 1m in
diameter. If you are looking for larger diameter targets then a larger filter, comensurate with target width, can
provide even more rejection of noise.
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Figure 6-160. Gradiometer data over a collection of low level burnt hearths, the smallest of which have
diameters of the order of 1m. Standard deviation of process area shown is 0.14nT.

= ‘-. ® I-.r
AT
« ‘.. l:.."‘"':

! ﬁf.". . P
.‘ -_‘-'_; __‘n .

Figure 6-161. Data of figure 6-160 after a uniform weighted low pass filter with X =Y = 2 (overall width
1.25m). Standard deviation of process area shown is now 0.1nT.
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Data prior to statistical detection
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Detection with threshold = 2.0 standard deviations

Figure 6-162. Sequence of statistical detection thresholds, between 2 and 3 standard deviations.

The sequence of plots above, figure 6-162, show statistical detection applied to this data set. Detection thresholds
set by multiples of this measured noise level are : 2 standard deviations = 0.2nT, 2.5 standard deviations = 0.25nT, 3
standard deviations = 0.3nT. To apply these thresholds, use the Search and Replace function to (a) replace all
readings between —1000 and +nSD with 0, (b) replace all readings between +nSD and +1000 with 1, where nSD can
be 2, 2.5 or 3 standard deviations. Use shade plotting parameter of Minimum = 0 and Maximum = 1. Three
threshold levels are shown on the right hand side. A large number of hearths have been statistically detected at the
2.5 and 3 standard deviation levels (ie greater than 0.25nT or 0.3nT respectively), subsequently confirmed by
excavation. Note that the eye is capable of detecting very subtle changes buried in noise so you should not use the

above technique to automatically discard information, but rather as an aid to understanding a data set.
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Preserving Linear Features with Zero Mean Traverse

Whilst Zero Mean Traverse is extremely useful for removing small traverse to traverse differences, or striping, and
will edge match gradiometer grids, it does have one side effect that may be a problem on some sites. This is its
tendancy to remove long linear features that run parallel with the traverse direction. We have already seen in the
process reference section for Zero Mean Traverse that the use of thresholds can usually provide a way round this
problem. In circumstances where this approach does not work effectively and you still need the benefits of Zero
Mean Traverse you can try using the following technique which may help if the number of linear features is not too
great and are well defined. It involves temporarily cutting out and pasting only the linear features onto a blank
composite, performing a Zero Mean Traverse on the normal composite, and then pasting back the linear features.
This uses a blank composite as a temporary storage area whilst the Zero Mean Traverse function is performed.

Figures 6-163 and 6-164 illustrate the problem (the same data, “loyg” in ggrv was used earlier in Zero Mean
Traverse reference). Figure 6-163 shows gradiometer data before applying Zero Mean Traverse. Figure 6-164 shows
the same data after applying Zero Mean Traverse with straight line fit set to On. The two linear features running in
the X direction have unfortunately been removed by the Zero Mean Traverse function, though the striping effect and
grid edge discontinuities have been successfully removed.

The survey data of figure 6-163 consists of 80 readings in the X direction and 60 readings in the Y direction, with
sample and traverse interval both 1m. Even though we will subsequently be using Zero Mean Traverse, it is still
useful to apply Zero Mean Grid beforehand since this will edge match the linear parts we will be temporarily
removing, yet will do no harm to the rest of the survey. Before performing the Cut and Combine we should create a
blank composite. This is most easiest done by using Search and Replace to replace all readings in the range —3000 to
+3000 with 2047.5 (or whatever value you use for dummy readings) and saving this as composite “blank”.
Alternatively you can use Create Blank Composite in File menu to create the temporary blank composite.

The Zero Mean Traverse with preserved linear features is performed as follows. First, load the blank omposite
"blank™ in site "ggrv" into memory. Second, use Cut and Combine to cut block (1,24 40,26) from composite "1oyg"
and paste it to (1,24) in the currently loaded blank composite. Similarily, cut block (1,43 40,46) from "1oyg", paste
it to (1,43) in "blank™, and also cut block (1,49 10,49) from "1loyg" and paste it to (1,49) in "blank". Figure 6-165
shows the resulting appearance of composite "blank™ which now acts as a temporary store for these linear features.
Save composite "blank™ and then load composite "1loyg". Apply the Zero Mean Traverse function to "loyg",
resulting in the plot of figure 6-164. Now use Cut and Combine (Add) to restore the linear features from the
temporary composite. This completes the procedure - the composite can now be saved under a new name, "1loygz",
for example. Figure 6-166 shows the appearance of the resulting composite which has had stripe errors removed
with Zero Mean Traverse but now has the linear features preserved intact - compare this with figure 6-164.

Of course, the choice of which regions to temporarily store is very subjective and so the technique should only be
considered a purely cosmetic process, rather than a systematic procedure. If there are a great many linear features
then this technique may be impractical. You may then have to consider just applying Zero Mean Traverse
with/without thresholds to specific blocks where it is especially needed and where there are no linear features
present, and accept the imperfections in other areas.



Data Processing 6-163

Figure 6-163. Data before Zero Mean Traverse
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Figure 6-164. Data after Zero Mean Traverse.

Figure 6-165. Linear features stored temporarily

Figure 6-166. Zero Mean Traverse with linear features
added from the temporary composite.
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Removing Striping Defects in Non-Bipolar Data

Striping defects may be obsereved in non-bipolar data, such as resistance and EM. Since features of interest are
superimposed on a varying background which too may be of interest, process functions such as Zero Mean Traverse
cannot be used to correct for striping defects. The general approach outlined below could be used to remove these
errors.

As an example, striping defects can sometimes occur when the MPX15 / PA5 / RM15 system is used in the Parallel
Twin mode, usually in wet conditions. Normally, all will be well when the weather is fine but after a short period of
working in rainy conditions or in long damp grass striping can start to occur. Typically this is a low level
phenomenon, about 2 ohms in magnitude.

An example of the striping defect can be seen in the survey of figure 6-167, which consists of four grids. Noise
spikes and striping defects running from left to right are visible, the latter especially so in the high resistance area to
the right. Mean is 57 ohms and standard deviation is 7.5 ochms.

Figure 6-167. Parallel Twin data showing striping defects and noise spikes, left plot. The right hand plot
shows the same data after some despiking.

The data can be corrected using the following approach. Firstly, to remove most of the spikes use Despike with
window radii of X=1, Y=1. A second Despike with X=2, Y=2 may help in some cases, as was the case here,
together with use of the Add function to remove stubborn spikes. The results of this operation is shown in the right
hand plot of figure 6-167.

To remove the striping, first Low Pass Filter the data set using window radii of X=3, Y=3, weighting=Gaussian and
save that data with a new file name. Reload the despiked data set and High Pass Filter the data set using window
radii of X=10, Y=0 and weighting=Gaussian. This will remove the striping but also any large scale archaeological
or geological background. To restore this, use the Cut and Combine function to add the earlier saved Low Pass
Filtered data set. The result is shown below, together with further despiking.

Figure 6-168. Corrected Parallel Twin data with striping defect largely removed but background
preserved.
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The processing approach described above has succeeded in reducing the striping errors and noise spikes
substantially. Subtracting the final data set from original shows the spikes and striping errors removed, figure 6-168.

Figure 6-168. Defects removed when correcting for striping defect and noise.

You can see that the striping error changes in magnitude over the site and increases in magnitude over higher
resistance areas - 1 ohm over most of the site but up to 10 ohms in the high resistance region. Even so, the
processing approach has succeeded in removing the majority of this error. You can see from the difference plot that
the restoration of the large scale background changes using addition may have over increased the magnitude of the
linear features running from top to bottom. Changing the magnitude of the low pass filtered data set to between 70%
and 100% before addition would help reduce this effect. Also, in some situations a wider low pass filter window
may produce better results, especially where the background features are extensive.

Note that any archaeological features that are parallel with the traverse direction may be removed by this processing
technique, so, depending on their importance, you may need to use the Cut and Combine function to temporarily
store and preserve such features in a temporary composite and then repaste them back in their original positions
after the above processing — see previous section.
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Contours Lines and Overlays

Contour lines can be generated and overlaid on shade plots by using a combination of process functions and
appropriate shade palettes. An example data set, where contour lines have been overlaid, is provided in the Geoplot
installation : c:\geoplot\comp\g_rgrv\1.cmp. Open this file and look at a shade plot using the following parameters
and palette : minimum = -7.5, maximum = +7.5, contrast = 1, units = absolute, palette = testpal2 (ie the palette
generated in the tutorial which has a red band at the top). You should see a plot similar to that shown in figure 6-
170.
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Figure 6-170. Example of contour line resistance data overlaying grey scale gradiometer data — the
contour lines shows much more clearly on screen since they are bright red on a grey background.

The background data is example gradiometer data set provided with Geoplot, ggrv\1.cmp, which has been processed
and interpolated so that sample and traverse interval = 0.25m and then saved as ggrv\1dgkc.cmp. Superimposed on
the central portion of this is a contour line representation of matching resistance data, also processed and
interpolated so that sample and traverse interval = 0.25m. Although the black and white figure does not fully show
the excellent contrast seen on screen or with colour plots, you can see that a ditch, running vertically through the
plot, shows clearly in both surveys (a dark band on the gradiometer plot). There is also good correspondance with
some of the isolated high strength anomalies.

We will use the example data set provided, c:\geoplot\comp\rgrv\1.cmp, to illustrate how to generate contour lines
and then show how to superimpose these on another example plot, c:\geoplot\comp\ggrv\1dgkc.cmp.

Generation of Contour Lines
The principle sequence of operations needed to generate contour lines is :

Despike data.

Make data set bipolar.

Interpolate so that sample and traverse interval = 0.25m.

Decide whether you want to select positive or negative data.

Slice through the data at a level where you want the contour line.

Reference the new data to zero.

High Pass filter the data to detect the edges of the slice, creating both positive and negative edges.
Select the outer, negative, edge only.

Bias the contour line above zero.

Before processing the data, we must first create a palette with 25 grey levels that has a red band at the top and a blue
band at the bottom — this will help to illustrate the generation of contour lines. To do this we can modify palette
testpal2, which we created in the tutorial, so that it additionally has a blue band at the bottom. Select Palette from
the Graphics menu, open palette testpal2, move the colour sliders to create a bright blue colour in the colour box and
then click on node 25 to add the blue band to the palette. Save the palette with the name redgblu.
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We are now ready to create the contour lines. We have already despiked the rgrv\l.cmp data set in the tutorial and
saved it as rgrv\lk.cmp, so open this data set ready for the next step. Look at a shade plot using the following
parameters and palette : minimum = -3, maximum = +3, contrast = 1, units = SD, palette = redgblu.

High Pass Filter the data using X = 10, Y = 10, Weighting = Uniform. This will create a bipolar data set, centered
around zero.

Interpolate the data in the Y direction, then X direction (with Method = SinX/X) and interpolate again in the Y
direction then X direction (with Method = Linear), so that sample and traverse interval now equal 0.25m — see the
left-hand plot of figure 6-171.

Figure 6-171. Sequence of plots showing steps in the generation of a contour line plot.

At this point we need to decide whether we want to look at low resistance or high resistance data — since the data is
now bipolar this translates to looking at negative or positive data. We want to compare the response of resistance
and gradiometer surveys over a ditch so we are interested in the low resistance or negative data. In order to decide
on the specific level at which we slice the data, change the plotting parameters units to absolute. The plot shows all
positive readings above +3 ohms in red and all negative readings below —3 ohms in blue. Try changing the plotting
parameters to : minimum = -5, maximum = +5, and then back to : minimum = -4, maximum = +4. The latter
parameters give a balance between sufficient grey background and continous low resistance features, second from
left plot in figure 6-171.

We will therefore slice at the —4 ohm level. Apply the Clip process function to the data with parameters : minimum
=-1000 (a number much larger that the data set), maximum = -4. All data out of this range will in effect be rejected,
including the positive readings. The graphics plot will appear totally blue at this stage. In order to reference the new
data set to zero use the Add process function to add +4. Apply the Absolute process function so that now we have
only positive data on a zero background. The graphics plot will now faintly ressemble the original negative readings
we wish to convert to contour lines.

If you had decided to create contour lines for the high resistance data, ie the positive readings, then instead of using
Clip with minimum = -1000, maximum = -4, you would have chosen to Clip with minimum = 4, maximum =
+1000. Then you would have added —4 and omitted the Absolute stage.

Now use the Search and Replace process function to change all readings above zero to an arbitrary value of 100
with parameters : Search From = 0.001, To = 1000 (a number larger than the data set), Replace With = 100.
Optionally apply the Despike process function, using default parameters, to remove any isolated points. The
graphics plot should now appear similar to the central plot of figure 6-171 and shows the desired slice at the —4 ohm
level. Note that the selected area is slightly different from the previous plot since the use of red and blue bands in a
25 colour palette is only a coarse selection procedure. You could improve matching by increasing the number of
bands in the palette.

Next, apply the High Pass Filter process function, using X = 1, Y =1, Weighting = Uniform, to detect the edges of
the slice. The resulting plot, shown to the right of centre in figure 6-171, has red contours on the inside of the low
resistance areas and blue contours on the outside.

To select just the outside blue, negative, contours, which will give a better line contour appearance, use Search and
Replace with parameters : Search From = 0, To = 1000, Replace With = 0. Having rejected the positive readings,
now use Absolute to convert the required negative readings to positive readings. The graphics plot will now look
like the right-hand image of figure 6-171, which is the desired contour line plot. Although the graphic image looks
correct with the present plotting parameters, the required underlying data points, which are above zero, range from
11.1 to 55.6. Therefore use Search and Replace again with parameters : Search From = 1, To = 1000, Replace With
=100, and the resulting contour line data set will consist of only 0’s or 100’s. This completes the generation of the
contour lines and so the data set may now be saved : for example use the name contline.
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Overlaying Contour Line Plots on Shade Plots

We will now overlay the resistance contour plot that we have just created on top of the equivalent gradiometer data.
This latter data set is provided in the Geoplot installation as c:\geoplot\comp\ggrv\1dgkc.cmp, already processed
and interpolated to the same sample and traverse interval. Open this file and look at a shade plot, as before, using
the following parameters and palette : minimum = -7.5, maximum = +7.5, contrast = 1, units = absolute, palette =
testpal2. This data set has been clipped to +/-6nT so that when used with this palette and absolute plotting
parameters of +/-7.5, no data points will show as red — this is a vital step in producing the following combined plot.

Next use the Cut and Combine process function to add the contour data set, contline.cmp to composite 1dgkc.
Since we are adding a file of different dimensions to a position in the centre of the original file we need to enter all
the details in the dialog box : select contline.cmp in the Cut From File Name text box, set Cut From Top-Left XY =
1,1, Cut From Bottom-Right X,Y = 160,240, Combine To Top-left X,Y = 81,1 and finally set Combine Function to
Add.

Quick method for finding composite size

You can determine the size of a composite, in units of readings, by applying the Statistics process
function, with Block Off, and look at the “BR” value reported at the bottom of the floating form. This
will provide any X,Y values you may need to enter in block operations.

This will produce an overlay of the contour lines on the shade plot as in figure 6-170. Note that it depends on the
correct matching of : (a) plotting parameter clip values, (b) process function clipping of the shade plot data set, (c)
bias of the contour line data set well above the shade plot data set, and (d) definition of an appropriate palette. You
can modify the values shown in the preceding example or define a different palatte to suit the circumstances. For
example, if you only require black contours on top of a normal grey scale shade plot you could use a normal palette
and possibly omit clipping of the gradiometer data.





