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Abstract: The article covers the technology of high-automatized geodetic support of transient elec-
tromagnetic survey. Transient electromagnetic method (TEM) is considered and the tasks of its geo-
detic support are given and analyzed. The specified module for RouteEditor software was designed
directly for the tasks of geodetic support of transient electromagnetic survey. The article considers
the module and highlights the main technological stages of its using. The conclusions on the proposed
method of geodetic support were made. The considered technology of TEM geodetic support using
RouteEditor reduces significantly the time spent on the Planning routine is due to the high-automa-
tized solutions. It also provides the single software solution for the different tasks of TEM geodetic
support. Moreover, the software detects errors in point names and positions could and filter them
automatically, that makes the human-factor much lower.
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AHHoTanusi: B cTathe mpeiokeH MeTO ] MOBBIIICHHS] aBTOMATHU3AIIMK T€0/Ie3MYECKOro odecreye-
HUSl Te0(PU3MUECKUX HCCIIETOBAHUA METOAOM 30HIUPOBAHHS CTAHOBJICHHEM 3JCKTPOMArHUTHOTO
o B ONMKHEH 30He, Takke n3BecTHOTO kKak 3Ch. PaccMoTpensl 0a30Bble MPUHIUIIBI Teopu3nde-
ckux padot meronoM 3CB, paccMOTpeHbI 331a4u re01e3MUECKOro 00eCeueHus TaHHbIX UCCIe0Ba-
Huii. Pa3zpaboraH cienyain3upoBaHHbIA MOy b 111 RouteEditor, peraroniuii HermocpeICTBEHHO 3a-
Jlauu reofie3nueckoro odecrieyenus reodusmueckux padot metogoM 3Ch. B crathe paccmoTpeH
JaHHBIA MOy M TEXHOJIOTHYECKHE ITAMbl €ro MpuMeHeHus. PaccMOoTpeHHas TEXHOIOTHS B 3HAYH-
TEJILHOW Mepe CHIKAeT BPEMEHHBIC 3aTpaThl, BO3HHKAIOIIME Ha ATale MPOSKTHPOBAaHUS padoT,
a Tak>Ke MPH BBITIOJIHEHUH JTATbHEHIIEro MOJIeBOro U KaMepaIbHOTO aHalTn3a Te0(U3NIECKUX UCCIIe-
nosanuit MetogoM 3CB. Ykazanusii o ekt gocTuraercs 3a cyeT NOBBIIICHUS aBTOMAaTU3AINH yKa-
3aHHBIX TEXHOJIOIMUYECKUX IMpoleccoB. Takke AaHHAs METOJMKA MO3BOJIAET pemaTh OOJbUIMHCTBO
3a/1a4 reoJIe3ndecKoro odecnedyeHus Ha 0a3e equHo mporpaMmmHoii atdopmel. Kpome Toro, mpea-
JIOKE€HHAsl METOAMKA aHallu3a TOYHOCTH U Ka4eCTBa, B YACTHOCTH, B UMEHAX ITyHKTOB, IOMOTAET U3-
OexaTh OMMOOK OTNepaTopa, BOSHUKAIOIINX MPH aHaIH3e O0IBIIOT0 00beMa JaHHBIX.

Kurouesnie cioBa: 3Ch, reodusuka, reojie3snueckoe 00eCreYeHUe, MPOCKTUPOBAHUE, KOHTPOJIb H3-
MEpEHUH, aBTOMATU3ALIMS
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Transient electromagnetic method

The transient electromagnetic method (TEM) alternately called time-domain EM
(TDEM) or pulse EM (PEM) is a commonly-used, non-intrusive, geophysical method
for obtaining subsurface resistivity-conductivity data. The depth of investigation can
vary from 10s of meters to over 1000 meters [1-3]. TEM methods are used for an ex-
tremely broad range of applications in exploration, engineering, and environmental in-
vestigation.

The most common TEM method (see Fig.1), which is considered in the article,
bases on using of a specialized transmitter to drive a time-varying current into a trans-
mitter loop, usually an ungrounded loop of wire laid on the ground surface [4].

Receiver loops ———,’/’_’/%/
\w* T = — Generator

Transmitter loop

Propagation of currents in the
underground

Fig. 1. Principles of TEM method

The transmitter loop generates an EM wave that propagates into the subsurface.
As the EM energy encounters different subsurface materials, it induces eddy currents
that generate secondary EM fields.

These secondary EM fields are picked up at the surface by a receiver loop or mag-
netic antenna and recorded as the induced energy diffuses into the earth. The rate of
diffusion indicates the resistivity of the subsurface materials. The resulting survey data
are used to predict the occurrence of raw materials or man-made objects under the sur-
face of the area.

Geodetic support of transient electromagnetic survey

One of the most important parts of geological and geophysical surveys in general
and TEM surveys in particular is geodetic support.

Geodetic support of TEM is a complex of techniques providing the solutions of
topographic and geodetic issues as [5, 6]:

— Survey planning, including the location of transmitter loops, receivers and other
details of the field deployment,

- The removal of designed points on the ground with a given accuracy,

— Quality and accuracy control during the field survey and the final data pro-
cessing,
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— The preparation of result data, including catalogs of coordinates and quality
reports.

The objects of the planning are transmitter loops centers and their angular points
and receiver loops centers (pickets).

Planning could be implemented with two consistent stages:

1) Placement of transmitter loop centers (usually using profile lines or by survey
area borders),

2) Settings of the transmitter loops (including their angular points receiver loops
positioning).

For the transmitter loop centers placement the algorithm of the placement must
be defined. As a result the centers of the loops will be placed in the map. The settings
of the transmitter loops define their size, orientation azimuths and other properties. The
receiver loop centers (pickets) placement could be also considered as a part of the as-
signment of settings of the transmitter loops.

Classical TEM method has a single receiver loop in the center of the transmitter
loop, but the most innovative 3D-TEM survey [1, 7-10] uses the multiply receiver
loops. The placement of pickets could be implemented by one of the most common
patterns, that showed in Fig. 2. But also by some reasons the placement could have
non-standard template.

Linear placement Square grid

ALmax

Star-wise Linear + orthogonal

Orthogonal

Pickets W Pickets

Fig. 2. The most common patterns of placement of the receiver loops for 3D-TEM

Fig. 2 uses the following variables:

Al is a step distance between pickets,

ALnax 1s @ maximum distance from the center of the transmitter loop allowed for
the pickets,

Ao 1s an angle between a profile line and the transmitter loop orientation,

Al and Al, are longitudinal and transverse steps between the adjacent pickets.
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The next phase after the planning is field survey. It includes special geodetic op-
erations directly in the survey area. These works are made with special staff using
GNSS receivers (them class depends on the scale of survey, but navigational-class code
GNSS receivers are sufficient in the most cases).

Before the field phase starts the planned points must be loaded into GNSS receiv-
ers. The geodetic support includes removal of the planning points on ground (border
points of generator loops and centers of receiver loops) and operational control of qual-
ity and accuracy.

After the field phase, the measured data should be analyzed to check the accuracy
and quality of the geodetic support. The resulting data must be presented as catalogs of
coordinates in a format supported by the geophysical software for further processing. It
is also good practice to output some textual and/or graphical data for technical reports.

Geodetic support of transient electromagnetic survey using RouteEdit utility

RouteEditor is an utility from RouteNav software package, which was designed
as a navigational software for navigational support of aerial geophysics [11-13]. Now-
adays it’s being adapted for tasks of geodetic support of a wide circle of geological and
geophysical methods [14].

Current version of RouteEditor includes a specialized module that was designed
for geodetic support of TEM survey, including its planning and control phases.

The tools developed for the planning phase work in the following sequence:

- Source data preparing (coordinates of linear profiles points or the angular
points of survey area),

- Planning placement of loop groups,

— Settings for each loop,

- Editing the resulting points independently,

- Export the resulting date into the formats of GIS and field facilities.

The tools developed for the field and post-field control work in two steps:

- Import the measured data for the analysis,

- Analysis reports and coordinates catalogs output.

Source data for the planning may be presented as coordinates of the points of
survey area borders or line profiles (straight/compound). The data could be imported
from the supported formats: text catalogs (*.txt, *.csv) or tables MS Excel, GPS Ex-
change *.gpx, Surfer *.bln. The profiles and survey area borders could be also created
in the map or by the coordinates manually.

Source data may also include maps and satellite images that could be downloaded
automatically, imported from OziExplorer *.map format or geo-referenced manually
using Raster utility included with the software.

Placement of generator loops step could be implemented along the profile lines,
within the survey area borders or manually in the map or by coordinates, Fig. 3.

Both methods of the placement have flexible settings (spacing between loops,
patterns, indents from the start, azimuths for loops relevant to the profiles or independ-
ent, naming properties, common pickets placement configurations, etc.).
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As a result of this phase the user has groups of planned transmitter loops. All the

loops in the groups have the same properties. However, the program allows user to
configure each loop independently.
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Fig. 3. Placement of generator loops in RouteEditor: within the borders of survey area
(left) and by profile lines (right)

Each loop can have its size, shape and other parameters. Every loop could be re-

placed (by setting new coordinates or using drag-and-drop); its azimuth could be
changed as well as configuration of pickets, Fig.4.
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Fig. 4. Receiver loops (pickets) configuration examples: A) Projected to the profile;
B) Star-wise (rays) template; C) Editing the user-defined manual template; D)
Applying the user-defined manual template
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The feature of RouteEditor is a support of standard picket templates with an ability
for the user to create their own placement template.

The shape of the loop is also changeable. In most cases of TEM the loops are
squares, but it their shape could be also changed to circular or rectangular, that is sup-
ported by the program.

The next step of planning is the convertation loop objects into a collection of
points. In this mode the user has an opportunity to edit each point directly (add/de-
lete/change coordinates and name, etc.). This stage is the final planning step before the
data is being exported.

For the export there are several formats supported:

— Golden Software Surfer *.bln format, which is used in the Surfer editor for
math and modeling,

- GPS eXchange *.gpx format, which supported by GNSS receivers as Garmin,

- EM-DataProcessor *.xyz/*.mxyz format for geophysical data processing,

— Custom text table *.txt for other purposes.

In the program the statistical report for the project is also available (including
number of loops and pickets, their average size, density within the area, etc.).

After the planning and exporting plan data, the field survey phase follows. It in-
cludes the removal of planned points on the ground and the implementation of opera-
tional control.

Receiver loops must be positioned during the deployment. In most cases each re-
ceiver loop detector includes a processor block with an internal GNSS-receiver. The
data, picked up by the receiver loops, could be presented by files which are contained
both GNSS and geophysical measurements.

During the survey from hundreds to tens of thousands of such files must be down-
loaded from the facilities for processing. The probability of errors in coordinates,
names and data availability increases with the number of the files. Threfore it is neces-
sary to provide control for each day of the field survey as well as the final post-field
control.

Huge amount of data could be imported to RouteEditor with the common or indi-
vidual settings of import. Coordinates for each point are calculated as an average values
using 3-sigma filter, Fig 5.

During the analysis of the imported data the following parameters could be esti-
mated:

- Standard deviations for the measurements could be estimated for each imported
file,

- Differences in coordinates between planned and measured points,

- Errors in names of measured points in comparison with the planned data (it
implements by checking by names of the points and by the nearest coordinates.

As a result user has a report that includes all coordinates and estimation results,
Fig. 6.
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Fig. 5. Import the measured data from receiver loop facilities: A) Import settings; B)
Visual comparison of planned and measured points coordinates; C) Measurements
presented as a track
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Fig. 6. Example of RouteEditor report on TEM survey geodetic support analysis
Conclusions

The developed functional of RouteEditor for TEM geodetic support provides:

- High-automatized planning of TEM survey,

- Export of the plan data to several formats that are necessary during the survey
and geophysical processing,

— Operative and high-automatized field and post-field control of the measure-
ments,

Using the other features of RouteNav utilities:
Support of plenty of coordinate systems and height systems,
Support of raster maps and satellite images from geo-services for the planning,
Flexible visualization tools.

The considered technology of TEM geodetic support reduces significantly the
time spent on the Planning routine thanks to high-automatized algorithms, which were
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implemented. The technology also provides the single software solution for the differ-
ent tasks of TEM geodetic support. Moreover, the software detects errors in point
names and positions and filters them automatically, that reduces the operator errors
possibility.
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