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1. Introduction 

In August 2015 Radai Oy carried out a geophysical magnetic survey at Ryssänlampi site using an unmanned 

aerial vehicle (UAV). The measurements were committed for Geological Survey of Finland (GTK) as a part of 

the UAV-MEMO project funded by Tekes (Finnish Funding Agency for Innovation and Technology) and four 

mining companies operating in Finland (AA Sakatti Mining, Agnico-Eagle, Mawson, Nordkalk). The purpose 

of the survey was to investigate the quality and reliability of an UAV based magnetic measurement system. 

This detailed survey report describes Radai's magnetic UAV system, the magnetic survey in Ryssänlampi 

site, and the results (total magnetic field) based on equivalent layer modelling. It also shows the raw and 

processed data, gives some details on the data processing, shows comparisons to GTK's airborne and 

ground magnetic data and discusses the meaning of the results.  

 

2. Radai's UAV measurement system 

Radai's UAV measurement system is installed in a custom-made UAV (Terrain Scout). The flight is controlled 

by an autopilot. The autopilot records flight data including GPS time and position (latitude and longitude), 

the orientation (roll, pitch and yaw), and barometric pressure. The real-time flight is controlled by PC 

software via a telemetry (radio) link. The nominal accuracy of the GPS position is about ±10 m. 

The magnetic field is measured using a digital 3-component flux-gate magnetometer. The magnetometer 

data (X, Y, Z components and total field), are recorded by Radai's own data logger. The GPS time and 

position are synchronized with the autopilot.  

A base station located near the mobile telemetry/control station measures the time variation of the total 

magnetic field using a proton precession magnetometer. Technical information on Radai's UAV system is 

given in Table 1. The UAV is illustrated in Figure 2.1 
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Table 1: Technical information on Radai's UAV system 

UAV parameters Value 

Electric engine 780 W 
Wingspan 2.12 m 
Mass 3 kg 
Payload 1 kg 
Flight speed 10-15 m/s 
Flight time 40 min 

UAV magnetometer  Flux-gate 

Noise level ±0.5 nT 
Dynamic range ±65 T 
Sampling frequency 10 Hz 

Base station magnetometer   

Resolution 0.1 nT 
Dynamic range 30-60 T 
Sampling frequency >1 Hz 
Weight 2.2 kg 

 

 

Fig. 2.1. Radai's Terrain Scout UAV. 

3. Ryssänlampi magnetic survey 

The survey site is located in Northern Finland about 35 km North-East from Rovaniemi. Figure 3.1 shows 

the survey area defined by GTK. The coordinates of the four corner points of the survey area (the red 

rectangle) are: (468090, 7375905), (468762, 7376577), (469893, 7375446) and  (469221, 7374774). The 

total area of the survey site is 1.52 km2, the suggested line spacing is 50 m and the direction of the c. 1 km 

long lines is along SW-NE.  Please, note that ETRS-TM35FIN coordinates are used throughout this report, 

and the DEM data and the background maps are provided by the National Land Survey of Finland. 

The magnetic survey was carried out on Aug 7th 2015. The UAV survey was divided into four separate 

flights.  Ari Saartenoja  was the principal pilot and Ari Takanen, Arto Karinen and Markku Pirttijärvi were 

co-pilots. Communication between the pilot and the co-pilots was established using walkie-talkies. 

The waypoints designed for the four flight areas and the actual flight lines are plotted in Figure 3.1 using 

symbols and lines, respectively. The altitude of the waypoints was designed to follow the topography at the 

height of 40 m using the digital elevation model (DEM) of the survey area (2 m x 2 m grid). The maximum 

gap between the flight lines is about 75 m, which is 50% of the nominal line spacing.   
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Fig. 3.1. Waypoints designed for Ryssänlampi survey site (symbols and labels) and the location of the actual 

flight lines (solid and dotted lines). For clarity every second waypoint is omitted. The red rectangle depicts 

the borders of the survey area. Background map National Land Survey of Finland © 2014. 

 

Maps of the measured and processed data are shown in Figs. 3.2-3.6. Figure 3.2 shows the UAV orientation 

as an image map. The meaning of the orientation parameters, roll, pitch and yaw, is illustrated in Figure 

3.7. Roll becomes visible when the UAV turns from one line to another. Pitch shows up when the plane 

descends or ascends due to topography. Yaw is mostly 45 or 225 degrees because the light lines are 

directed towards NE or SW. 
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Fig. 3.2. Roll, pitch and yaw from Ryssänlampi survey. 
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Fig. 3.3. Height (from ground), altitude (above sea level) and DEM topography from 

Ryssänlampi survey. 
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Fig. 3.4. Raw magnetic X, Y and Z data components from Ryssänlampi survey. 
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Fig. 3.5. Corrected magnetic X, Y and Z data components from Ryssänlampi survey. 
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Fig. 3.6. Raw and corrected (base station adjusted) total magnetic field from Ryssänlampi survey. 

 

Fig. 3.7. Definition of roll, pitch and yaw (https://en.wikipedia.org/wiki/Flight_dynamics_(fixed-

wing_aircraft)). 
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Because the raw magnetic data (Fig. 3.4) are defined on the reference frame of the UAV, the raw XYZ 

components are almost useless before the data are rotated using measured roll, pitch and yaw angles. The 

corrected data (Fig. 3.5) contain still some effects arising from the direction of the flight lines, indicating 

that either the flux-gate calibration or the orientation correction has not worked ideally due to heading 

related error. Therefore, the data interpretation or modelling should be based on the total field data alone. 

Please, note that the corrected total field data (Fig. 3.6) include base station and heading correction but not 

tie line levelling.  

 

3.1 Auxiliary magnetic data 

Auxiliary magnetic data were measured on Aug 20th 2015 (a day after the UAV-MEMO demonstration 

flight). The auxiliary data consist of 1) tie lines measured perpendicularly to the original flight lines and 2) 

two surveys measured above the main magnetic anomaly at an intermediate altitude of 70 m and high 

altitude of 130 m. The location of the auxiliary flight lines (and the original lines) is shown in Figure 3.8. The 

total magnetic field data are shown in Figure 3.9. Please, note the different axis limits used in the top figure 

and the decrease in the anomaly amplitude with increasing altitude. 

Tie line data were measured to level the original data with the auxiliary 70 m and 130 m altitude data for 

the equivalent layer modelling (ELM) discussed later. Tie line survey was also needed because the base 

station was situated in a different place than earlier. However, tie line levelling was not performed because 

the heading correction (clover leaf test) was not made successfully. Instead, the ELM inversion algorithm 

was modified so that separate value of magnetic field base level could be given for each dataset measured 

at height levels 40, 70 and 130 m.  
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Fig. 3.8. Location of the auxiliary flight lines measured in Ryssänlampi survey. Tie lines are drawn by solid 

black lines, data measured at 70 m and 130 m altitude are shown by red and blue lines, respectively. 

Original flight lines are depicted by thin dotted lines. The red rectangle depicts the limits of the survey area. 
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Fig. 3.9. Corrected total magnetic field along the tie lines (top) and above the main anomaly 

at 70 m altitude (middle) and at 130 m altitude (bottom). 
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4. Data processing 

The data processing was done using interactive RadaiPros software by Markku Pirttijärvi. The basic data 

processing steps that are executed on the raw data are listed below.  

1. Removal of dummy/missing data values  

2. Removal/averaging of points with identical coordinates 

3. Verification of all angle, pressure and time values 

4. Computation of barometric height from pressure data 

5. Computation of rectangular X and Y coordinates (ETRS-TM35FIN) 

6. Computation of profile distance coordinate and azimuth/heading angle 

7. Application of flux-gate calibration parameters (derived from a separate calibration measurement) 

8. Correction of magnetic X, Y, Z components for UAV orientation (roll, pitch and yaw). 

9. Computation of the corrected total magnetic field 

10. GPS lag correction (not used because test measurement was not made) 

11. Computation of IGRF reference values (Bx, By, Bz, Btot, inclination and declination) 

After initial processing, each dataset was manually edited and unnecessary points (e.g. when the UAV 

travels to the survey area and away from there) were cut away. After data editing, the total number of data 

points is 50386, total profile length is 70.9 km and the mean velocity is 12.0 m/s. The overall time to 

measure the four flight areas was about 3.5 hours. The final data contains about 77 minutes of data. Some 

statistical information regarding the survey are given in Tables 2 and 3. The estimates of the total magnetic 

field (Btot) are given for the corrected data. 

Table 2. Flight statistics on Ryssänlampi magnetic survey 

Parameter Area 1 Area 2 Area 3 Area 4 Total 

Points 8739 12027 8529 10936 40231 

Length (m) 12347 14821 13316 15970 56456 

Fly-time (min) 16.1 22.6 16.6 21.8 77.1 

Mean speed (m/s) 12.8 10.9 13.4 12.2 12.2 

Mean sampling (m) 1.4 1.2 1.6 1.5 1.4 

Mean height (m) 41.1 41.3 41.5 41.5 41.3 

Min Btot (nT) 53239 53268 53211 53133 53133 

Max Btot (nT) 54710 56164 54827 54482 56164 

Mean Btot (nT) 53775 54066 53866 53614 53837 

 

Table 3. Flight statistics on the Ryssänlampi auxiliary magnetic data 

Parameter Tie lines z = 70 m z = 130 m Total 

Points 9242 5100 5377 19719 

Length (m) 13686 7059 7449 28194 

Fly-time (s) 17.7 10.2 10.8 38.7 

Mean speed (m/s) 12.9 11.6 11.5 12.1 

Mean sampling (m) 1.5 1.4 1.4 1.4 

Mean height (m) 38.3 68.2 128.2 - 

Mean Btot (nT) 53726 54085 54077 - 

 



14 
 

Determination of the flight altitude is based on barometric pressure. The reference point is where the UAV 

system is initialized before the take-off. Topographic DEM data provided by the National Land Survey of 

Finland is used to compute the actual height from the ground and the altitude from sea-level for each data 

point. The calibration of the flux-gate sensor is based on the method described in Merayo et al. (2000).  

The base station data have been utilized to account for the changes in the magnetic field during the survey. 

Likewise, pressure and temperature data could be used to correct the barometric height, but in this case, 

the change in pressure was found to be insignificant to correct the heights. Base station data were 

measured with a proton precession magnetometer at a time interval of 30 seconds. Figure 4.1 shows the 

base station data and the duration of the four flights on the August 7th. The strongest magnetic 

disturbance of about 250 nT occurred during the flight for area 2. Before the correction, the median filter 

was applied to the magnetic field to remove outliers. The effect of base station correction can be observed 

by comparing the two maps in Figure 3.6. The gap between time interval 5700059000 s happened due to 

a loss of a 12 V battery. The time used in RadaiPros and Figure 4.1 is the time in seconds from the midnight. 

 

 

Fig. 4.1. Magnetic total field (red dots) recorded at the base station on August 7th 2015. The black line 

represents (7-point) median-filtered magnetic field that is used in the base station correction. The blue 

lines indicate the duration of the four flights on Aug 7th 2015. 

 

Inspection of the corrected total magnetic field data reveals level differences between lines measured 

towards NE and SW. Therefore, a heading correction was applied. Normally, the heading correction is 

based on level differences obtained from special calibration flight (clover leaf test) high over a magnetically 

stable area. In this case, however, the heading test measurement failed and offsets (+60 nT for NE an -60 

nT for SW) were established on a trial-and-error basis by visual inspection of the data. For a similar reason, 

GPS lag time correction was not made at all because there was no suitable data for that purpose. 
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5. Equivalent layer modelling (ELM) 

Equivalent layer modelling (ELM) is used to grid the total field data at a constant elevation level using a 

physical modelling of the data. The main advantage of ELM is that it removes effects of varying flight 

altitude and uneven sampling of the data points. ELM is a process that begins with data harvesting, which 

reduces the number of data by discarding uninformative data points. Harvesting is necessary because the 

original total amount of data is usually so large that practical inversion would be impossible. In case of 

Ryssänlampi, data reduction was about 92% (from 50385 to 3900 points). 

The next step in ELM is the generation of a 3D susceptibility model that consists of a single layer of 

rectangular prisms. The horizontal size of the elements was set 40 m × 40 m and the vertical height was 400 

m. The depth to the top of the model was 20 m and the terrain topography was not taken into account.  

Margin elements are added to the sides of the model to move the effect of the model edges away from the 

bordering data points. The total number of elements was 61×62 = 3782, but only 1826 of them were free in 

the inversion. 

After setting up the data and the model, numerical inversion was used to optimize the susceptibility of the 

model elements so that the synthetic response of the 3D layer model fits the UAV measured magnetic total 

field data. The forward computation is based on the solution for dipping magnetized prism by Hjelt (1972). 

The unconstrained inversion method has been described in Pirttijärvi (2003). The constrained inversion 

method, which aims to minimize the model roughness together with the data misfit, is based on the Occam 

inversion method used in Grablox2 software (Pirttijärvi, 2014b). In case of Ryssänlampi, the modelling was 

executed using the unconstrained (SVD) inversion method. The final RMS-error (computed from the 

normalized data) is 6.9%. 

The model obtained from the inversion was then used to compute the magnetic field on a constant altitude 

on a regular (20 m by 20 m) grid. The intensity and the direction of the inducing magnetic field were 

derived from IGRF field (B0=53292 nT, I=76.9°, D=11.2°) computed using a year value of 2015.5. After 

inversion, the response (X, Y, Z components and total field) was also computed at the original data 

locations and saved to processed UAV data file to be used for comparisons. 

Figures 5.1a5.1f show the fit between measured and modelled data for each dataset as profile plots. In 

general, the fit is rather good. The lowest minima and short wavelength anomalies are not fitted as well as 

maxima, because of the rather large size of the model elements (40 m by 40 m). It should be reminded that 

the data used in ELM is un-filtered. As a matter of fact, the ELM performs like a low-pass filter that removes 

high frequency content from the data. The 130 m high altitude dataset has the greatest noise and is not 

fitted as well as the other datasets. The cause of the noise is probably related to the stronger wind at the 

higher altitude. Interestingly, the base level of the magnetic field is biggest at the highest altitude (40 m= 

53104 nT, 70 m = 53000 nT, 130 m = 53136 nT). One possible reason is the decrease in the amplitudes of 

the anomaly minima around the main target when the flight altitude increases. 

  



16 
 

 

Fig. 5.1a. The fit between measured (red) and modelled (blue) magnetic total field for dataset 1. 

 

Fig. 5.1b. The fit between measured (red) and modelled (blue) magnetic total field for dataset 2. 

 

Fig. 5.1c. The fit between measured (red) and modelled (blue) magnetic total field for dataset 3. 
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Fig. 5.1d. The fit between measured (red) and modelled (blue) total field for dataset 4. 

 

Fig. 5.1e. The fit between measured (red) and modelled (blue) total field for the 70 m altitude dataset. 

 

Fig. 5.1f. The fit between measured (red) and modelled (blue) total field for the 130 m altitude dataset. 
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Fig. 5.2. Measured (harvested) data (top), computed total field (middle) and the difference between them 

(bottom) from Ryssänlampi equivalent layer modelling (ELM). The distribution of the 2386 harvested data 

points (on the 40 m flight level) are shown in the bottom map. 
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Figure 5.2 shows the measured and modelled data and the data misfit as image maps. To make the 

comparison easier, the color scale is the same in the first two maps. The range of the misfit is rather large 

(c. ±300 nT), the mean and of the median being -24 nT and -15 nT, respectively. The standard deviation of 

the data misfit, 70.1 nT, can be considered as a measure of the noise in the data. Despite of the rather good 

visual fit between the measured and computed data (cf. Fig. 5.1), the statistical analysis gives rather poor 

estimate for the fit. The biggest errors are located where the auxiliary data was measured. When the 

inversion was done using the low altitude (40 m) data alone, the standard deviation of the misfit was only 

58 nT, and the misfit was distributed more evenly. Considering that the base station recording interval was 

rather sparse (30 s), the diurnal variation of the magnetic field might have too large (Fig. 4.1) during the 

second flight. As a consequence, the second dataset should have been measured again.  

Figure 5.3 shows the magnetic susceptibility model obtained from the equivalent layer modelling. Because 

the depth to the top of the model is 20 m and the height of the model is rather small (400 m), the 

interpreted values of magnetic susceptibility are overestimated. Full 3D inversion would be needed to 

estimate the true susceptibility distribution. 

 

Fig. 5.3. Map of the magnetic susceptilibility obtained from equivalent layer modelling (ELM). The dots 

depict the location of harvested data points used in ELM.  
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6. Results 

The results of Ryssänlampi magnetic survey are presented in Figures 6.16.4. The results are provided in 

digital format as:  

a) A column formatted (UAV) text file containing the UAV data at the original irregular data locations, 

b) Three ESRI/ARC Ascii (ASC) grid files containing total magnetic field computed on an even grid (20 m 

x 20 m) on a constant height level of 0, 20 and 40 m above surface, and  

c) A column formatted (XYZ) text file containing the magnetic field computed at the height of 0, 20 and 

40 m at the same locations as the GTK measured ground data. 

  

Fig. 6.1. Comparison between the corrected (left) and the computed (right) magnetic total field at original 

data locations for the Ryssänlampi survey site. 

 

Fig. 6.2. Magnetic total field for Ryssänlampi survey area computed at the constant 

height of 40 m using ELM. 
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Fig. 6.3. Magnetic total field for Ryssänlampi survey area computed at the height of 20 m using ELM. 

The small dots depict the location of the harvested data points. 

 

 

Fig. 6.4. Individual X, Y, and Z components of the magnetic field and total magnetic field computed at 

original data locations using ELM. 



The processed data is saved in a special column formatted UAV text file format of RadaiPros. An example of the file header and the first two rows are given 

below (note that the data lines are so long line that they continue on the next line). 

Ryssänlampi UAV data                                                                                                                                 

  4   40231  0.60  ! NPRO, NTOT, VERS 

2015.5   26.30700   66.50600  ! YEAR, LON, LAT 

  1  0  0  ! ALTI, BSTAT, TIELINE 

    8739  1   99546.8  469180.7 7376444.5  ! NPTS_i, i, BASE_i, XB_i, YB_i 

Time Pres Roll Pitch Yaw Temp Curr QC Lon Lat Alt1 RawX RawY RawZ RawT X_TM25 Y_TM35 Alt2 Topo Dist Azim MagB CorX CorY CorZ CorT ComX ComY ComZ ComT 

   48291.10  99065.3   -3.25    3.25 -136.98   28.39    9.55  3  26.32349  66.49928  40.57  -15119.924     231.662   51541.195   53822.977  469897.5 7375725.5  197.40  158.38 

         0.00  -139.84     0.00   12013.526    3734.588   52219.621   53713.691       0.000       0.000       0.000       0.000 

   48291.20  99060.9   -3.17    3.59 -137.91   30.22    9.23  3  26.32347  66.49927  40.97  -15307.841    -811.676   51484.770   53831.277  469896.6 7375724.5  197.78  158.37 

         1.31  -131.11     0.00   11393.164    4436.392   52308.551   53718.438       0.000       0.000       0.000       0.000 

… 

 

The first line is a header line which defines the data. The second line defines the number of profiles (NPRO), total number of data points (NTOT), and file version number 

(VERS). The third line defines the decimal year of the measurements (YEAR) and the mean longitude (LON) and latitude (LAT) of the survey site. This information is used to 

compute the IGRF reference field. The fourth line contains on= 1/off= 0 flags that define whether or not  flight height has been corrected using DEM model (ALTI), or base 

station correction (BSTAT), or tie-line levelling (TIELINE) has been made.  

The next line is defined separately for each dataset (survey flights). It defines the number of points (NPTS_i), and the base pressure (BASE_i), and x and y coordinates (XB_i, 

YB_i) of the reference point used to define the heights from the ground surface.  

The text string contains labels of each data column. They actual data columns are: 1= decimal time in seconds from the midnight (UTM), 2= pressure (Pa), 3= roll (°), 4= pitch 

(°), 5= yaw (°), 6= temperature (°C), 7= current (A) fed to the engine, 8= GPS signal quality coefficient (from 0= no GPS to 3= excellent), 9 and 10= longitude (°) and latitude 

(°) of the data point, 11= height (m) from the ground or altitude(m)  from the sea-level if depending if altitude correction has been made (ALTI=1) or not (ALTI= 0), 12-15= 

raw X, Y, Z component and total magnetic field (nT), 16 and 17= X (east) and Y (north) rectangular coordinate (m) of the data point (Finnish ETRS-TM35FIN system), 18= 

altitude from the sea-level (m), 19= elevation of the topography (m) from sea-level, 20= cumulative distance (m) from the first point of the dataset, 21= azimuth (°) of the 

flight path (positive east from north), 22= base station correction of the total magnetic field (nT), 23-26= corrected X,Y and Z components and total magnetic field (nT), 27-

30= computed X, Y and Z components and total magnetic field (nT).  



7. Comparison to GTK's airborne and ground magnetic data 

Ryssänlampi area (map sheet 3614, Vikajärvi) has been measured in 1980's as a part of GTK's systematic 

low altitude airborne geophysical mapping. The airborne survey was executed with a proton precession 

magnetometer using nominal flight altitude of 40 m and line spacing of 200 m (NS directed lines). More 

recently, in January 2014 GTK carried out a ground magnetic survey at the Ryssänlampi area using a proton 

precession magnetometer and line spacing of 50 m (SW-NE directed lines). 

Figure 7.1 compares GTK's airborne magnetic data with Radai's magnetic UAV data computed at the height 

of 40 m above ground (ELM). Please, note that GTK's data has a coarser grid spacing of 50 m by 50 m, 

whereas Radai's results are plotted using denser grid spacing of 20 m by 20 m. In addition, GTK's map 

displays the anomalous magnetic field (IGRF removed). Therefore, the color scaling of the two maps are not 

quite the same. Despite of these discrepancies, the general features of the two maps are much alike. 

Because of the finer line spacing, however, Radai's UAV magnetic data displays more details than GTK's 

data. 

 

  

Fig. 7.1. Comparison between GTK's airborne magnetic data (left) and Radai's magnetic UAV data computed 

at a constant height of z= 40 m using ELM (right). 

 

Figure 7.2 compares GTK's ground magnetic data with Radai's magnetic UAV data computed at the ground 

level using ELM. For easier comparison, GTK's data has been low-pass filtered and the color scales of the 

two maps are the same. Once again, the general shapes of the anomaly maps are much alike and the 

anomaly amplitudes are comparable. The downward continued UAV data contain lots of positive small-

wavelength anomalies, whereas GTK's ground data contains many negative short-wavelength anomalies. In 

particular, the downward continued UAV data fails to recover the smoothly varying magnetic field in the 

northern corner of the survey area like GTK's ground data does. 
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Fig. 7.2. Comparison between GTK's ground magnetic data (left) and Radai's magnetic UAV data  

computed on the ground level z= 0 m using ELM (right). 

Figure 7.3 compares GTK's upward-continued ground magnetic data with Radai's magnetic UAV data 

computed at the same height level of 40 m above ground. The upward-continuation was performed using 

Fourpot 1.3 software (Pirttijärvi, 2014b). The color scales of the two maps are the same, but the levels are 

slightly adjusted to account for the time-dependent difference in the magnetic field levels.  

 

    

Fig. 7.3. Comparison between GTK's upward continued ground magnetic data (left) and Radai's magnetic 

UAV data computed at the height of z= 40 m using ELM (right). The profile graphs are interpolated along 

the SW-NE directed line A-A' across the main Ryssänlampi magnetic anomaly (black lines). 
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The overall similarity of the two maps in Fig. 7.3 is better and the amplitudes of the magnetic anomalies are 

closer to each other than in Fig. 7.2. The SW-NE directed profiles interpolated across the main anomaly are 

also very similar. Radai's map, however, contains many small positive circular anomalies (bumps) that get 

enhanced when the data are downward continued (Fig. 7.2). The similarities between the two maps in Fig. 

7.3 suggest that Radai's magnetic UAV data is more reliable than GTK's airborne data in Fig. 7.1.  

 

8. Discussion and conclusions 

The importance of the equivalent layer modelling becomes evident when comparing the results presented 

in Figures 6.1 and 6.2. The corrected data and the data computed at original data locations using ELM (Fig. 

6.1) display striped features in the direction of the original flight lines. These features become more visible 

because of the sun shading used in the maps. The total field computed at the constant elevation of 40 m 

(Fig. 6.2), however, does not show the striped features at all. Accordingly, it can be argued that the 

artefacts in original magnetic UAV data are due to the variations in the flight altitude. 

The equivalent layer modelling allows computing the data on an even altitude level and, hence, removes 

the effect of UAV flight height variations. In addition, ELM works like a low-pass filter that removes short 

wavelength anomalies from the original total field data. Therefore, the total field computed on an even grid 

at the height of 40 m should be considered as the final result of Radai's magnetic UAV survey instead of the 

corrected total field, which has not been filtered at all.  

Moreover, ELM allows pole reduction (RTP) and downward continuation of the magnetic field. Because 

downward continuation increases the amplitude of short wavelength anomalies the field computed at the 

ground surface is often too noisy to be useful in visual interpretation. The map computed at the level of 20 

m above the ground surface (Fig. 6.4) can be considered as a good compromise between the enhanced 

information and noise contents of the data. 

ELM also allows studying the appearance of the individual X, Y and Z components of the magnetic field. 

Comparison of Figs. 3.5 and 6.4 indicates that the individual components obtained from UAV data 

processing are not reliable. The problem is a mixture of the calibration of the flux-gate sensor, motion 

related noise that depends on flight heading direction and noise caused by the wind. Further analysis and 

processing is needed to improve the quality of the individual data components. 

Due to denser line spacing (40-70 m) Radai's UAV system brings up more details than GTK's old airborne 

data measured using 200 m line spacing (Fig. 7.1). Considering that one of the main advantages of UAV 

based measurements is the flexibility of the surveying and that the constrained inversion used in ELM is less 

sensitive to gaps in the data than normal interpolation/gridding methods are, it could be argued that UAV 

surveys do not need to be designed based on regular flight paths with fixed line spacing anymore. If 

needed, the ELM is used to compute the data along evenly spaced lines at desired altitude. 

The noise level of Radai's magnetic UAV data is rather high (Fig. 5.2). In case of Ryssänlampi, the high 

amplitude of the main anomaly hides several small positive anomalies, which become more visible when 

the field is continued downwards (Fig. 7.2). The amount of noise increases with increasing flight altitude 

(Fig. 5.1), suggesting that the wind is an additional source of noise. The noise caused by the wind is coupled 

with the heading error, as the direction of the wind changes for flight lines of opposite direction. Unlike 
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heading error, the noise caused by the wind is not constant along a straight the flight path, because 

normally the wind does not blow evenly.  

Data filtering, more accurate heading, orientation and motion correction and better flux-gate sensor 

calibration will be used in the future to improve the quality of Radai's magnetic UAV data. A separate 

Figure-of-Merit (FOM) measurement will be performed to assess the general accuracy of Radai's magnetic 

UAV system. The accuracy of the GPS position and barometric altitude needs to be verified also. The 

equivalent layer modelling could be used also as a post-processing tool, where the parameters of heading 

correction, for example, are optimized together with the susceptibility values and base levels of the 

regional magnetic field. Such approach could also improve the individual X, Y and Z components of the 

magnetic field. 
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