
      

      

      

      

      

      

      
 

 

 

The following is a suggestion for comparison of VTEM and SkyTEM 

under uniform conditions. The data comparisons can be made objec-

tively for both systems. Though, the comparisons involve some devel-

opments and are not straight forward. 

 

Background 

The groundwater mapping in Denmark has been carried out to produce 

data of such quality that so-called seamless maps could be produced. 

This means maps created from many different mapping campaigns with 

different operators and instruments, groundbased as well as airborne, 

with a seamless result. Likewise, It has been the intention to have data 

of such a quality and with sufficient additional information (system 

response, geometry, etc.) that enables a reprocessing and inversion of 

the data by someone else than the consultant that collected the data. 

This re-processing might become relevant with deeper insight in the 

method or joint processing/inversion with an additional data collection.  

The national test-site in Lyngby outside Aarhus was originally estab-

lished for calibration of all ground-based TEM instruments used in 

Denmark. Since then, the test-site has been the backbone of all TEM-

mapping carried out in Denmark. The test-site has also been used by for 

calibration of foreign TEM instruments, because of its recognition as a 

well-described site. With the development of the SkyTEM system, the 

use of the test-site continued because the SkyTEM system can measure 

while being stationary in the air. To ensure the high quality of the TEM 

mapping in Denmark in the future it is important to maintain the test-

site as a reference for other systems as well. 
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Though, not all airborne systems are designed to measure while being 

stationary. It is therefore suggested to make two calibration lines each 1 

km long crossing the original test-site to enable flying measurements. 

The lines cross the original test-site within few meters.  

To be able to compare SkyTEM and VTEM the SkyTEM system needs 

to undertake the same test-flights. 

GeoFysikSamarbejdet (GFS – a collaboration between the University of 

Aarhus and the environmental centers under the Ministry of Environ-

ment.) has been a key-player both in setting up and maintaining the test-

site. The expansion of the test-site with crossing lines and the necessary 

work associated with this task (defining lines, collecting and processing 

of groundbased TEM and processing of SkyTEM) is therefore handled 

by GFS. 

Phase 1 and 2 in the text below are most important and the information 

needed for phase 3 will be settled during phase 1 and 2. Phase 4 is only 

relevant if it is decided to use the VTEM system for production in 

Denmark. 

 

Phase 0 – Extension of Lyngby test-site 

On Lyngby test site to crossing lines are defined. The lines cross the 

original test-site. These lines are each approximately 1 km long. 

The two test lines are measured with a groundbased system. The 

groundbased soundings are placed with maximum 100 m spacing. This 

can be done as soon as the crops have been harvested. It is important to 

carry out the groundbased measurements shortly before or shortly after 

the airborne measurements.  

The groundbased measurements are processed and inverted for a lay-

ered model. After this, a layered earth model is known along the test-

lines. The models can now be used for an upward continuation to flying 

heights for any airborne system. This upward continuation requires a 

known system response and known geometrical parameters for the air-

borne system.  
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Phase 1 – test lines on Lyngby test site 

Flying 

If the airborne system can measure while being stationary, measure-

ments in 10, 20 and 30 meters altitude is carried out on the original test-

site. 

With the system the test-lines are measured in 3 altitudes: 15 m, 25 m 

and 35 m. The flight speed is ordinary production speed.  

The airborne measurements along the test lines are repeated 3 times for 

each of the 3 heights. It is very important that all the lines are flown 

very accurately along the defined path. 

On the Lyngby test-site a high-altitude test (1000-1200 m) is also per-

formed. The high-altitude test will show the amount of bias to all times. 

It is mandatory that the operator states un-corrected “receiver coil data”. 

These data are the raw data as the come out of the amplifiers, AD-

converted and converted to Volt/m
2
 values for the receiver coil. Hence, 

no correction for bias-response or anything else is applied. This is nec-

essary in order to evaluate the magnitude of an eventual bias response 

that is later corrected for. 

Data 

On these lines the comparison is on the data themselves. Because of 

problems flying in the exact same height, the data are inverted to a 

model which is then upward continued to a nominal flying height of 15, 

25 and 35 m. Finally, all lines are upward continued to, say, 35 m. 

The system response used for the upward continuation must be the 

same as is used for the inversion of the data. 

For stationary measurements on the original test-site soundings in the 

exact reference heights are selected. 

Comparison 

As mentioned, the comparison is done on the data directly. The upward 

continued data repeated lines in 15, 25 and 35 m are compared for re-

peatability. 

All the lines are compared in 35 m (upward continued to this height) 

Then a comparison is made with upward-continued data from the 

groundbased models. The data are upward-continued to 15, 25 and 35 
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meters. In this case the system response of the airborne system is used 

for the upward continuation. 

Stationary measurements from the test-site are compared to upward 

continued data from the model defined on the test-site. 

Upward continuation – an explanation 

An upward continuation consists of the following steps: 

-Data from a given line is processed and inverted. 

-A forward response is computed in the selected continuation height 

using the inverted model. 

-Factors between the measured and the computed response are calcu-

lated for all gates. 

-These factors are applied gate by gate to the measured data. This en-

sures that noise and other non-geological effects are kept in the data. By 

comparing in the data space rather than model space the effect of 

equivalent layer sequences are diminished. 

The groundbased measurements are upward continued similar to the 

airborne data, with the exception (as described above) that the system 

response is replaced by the system response of the airborne system 

when the upward continuation is done. 

 

Phase 2 – Viborg – measurements in a mapping area. 

Flying 

Ferry flight from the test site to Viborg. At Viborg approximately 100 

km in total are flown. 

A mapping campaign is simulated in small scale by short lines each, 

say, 5 km long with a line distance defined by the general mapping in 

the area. Two of the lines are repeated at least 2 times and the first line 

is repeated just before ending the flights to describe the stability of the 

instruments. It is crucial that the same lines are flown with both systems 

as accurately as possible. 

 

 

 

Data 
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Data are processed and inverted. An upward continuation to a common 

flying height is made for all data. This common height depends on the 

actual flying heights, but is probably around 35 m. 

Models are delivered in xyz-formatted files. Data, raw data and upward 

continued data are likewise delivered in xyz-formatted files. 

Comparison 

A comparison on data level is made for the repeated lines using the up-

ward continued data. This is done for each system independently  

Mutual comparison between systems is done on both data and model 

level.  

For this phase it would be advantageous to measure two different areas, 

so that data from both a high-resistive and a low-resistive area is avail-

able. If only a low-resistive area is flown bias and other effects are 

much harder to identify. 

GFS handles the processing, inversion and upward continuation for the 

SkyTEM data. 

 

Phase 3 – System response 

To be able to do re-processing and re-inversion of the data, the system 

response for the system in question must be defined.  

The system response can also be used to verify the upward continuation 

of the data. Such verification should be done. 

The operator supplies information on the definition of the system re-

sponse, how the data processing is done etc., to ensure transparency in 

the data-to-model conversion and to make sure that a re-

processing/inversion can be done by an independent party. This is a 

central part for the final storage in the national GERDA database. 

The needed parameters will be defined finally before the mapping is 

initiated, but includes as a minimum: 

Geometrical parameters  

• The dimension of the transmitter loop - exact description of the 

polygon and the area.  

• The number of turns in the transmitter  

• The xyz position of the receiver loop 
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• The xyz positions of the GPS Antennae, radars, lasers, incli-

nometers and other relevant sensors 

• The cable length connecting the helicopter and the Transmitter. 

 

Electrical Parameters 

• The base repetition frequency. 

• The nominal current in the transmitter. 

• The shape of the current pulse - the waveform. 

• The timing between the begin of the waveform and the first ga-

te-center time 

• Description of the variation of the waveform from flight to flight 

• For each gate, the gate center time, the gate width and the gate 

integration envelope. 

• The slope and cut-off frequency of the receiver coil 

• The slope and cut-off frequency of the receiver instrument 

 

Data 

• Data processing parameters including design and widths of av-

erage filters 

• Raw high-altitude data for each flight 

• Raw data - before drift removal and other corrections 

• Processed data - after filtering and drift removal 

 

 

Phase 4 - GERDA 

Data must be able to enter GERDA.  

This means that raw data are stored together with system parameters 

and geometrical information, such that re-processing can be done and 

inversions can be verified. 


