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NOTICE TO USERS  

The magnetic compensation software routines are embedded within EMIGMA V7.8 and QCTool. Although 
the compensation is provided with a variety of additional tools from the EMIGMA package, the user need not 
be familiar with these other tools. For a basic introduction to the EMIGMA interpretation platform, please 
refer to the Tutorials directory either in the installed /EMIGMA directory or directly from the installation CD. 
In particular, please refer to the Powerpoint file, V78_Tutorial.ppt. QCTool is provided with its own manual.   

It is assumed that the user of this software is familiar with running PC based programs and 
Microsoft Windows.    

PASSWORD WARNING MESSAGE   

As part of the security measures taken to ensure data security and to help eliminate software theft 
EMIGMA  supports a software security device that is optionally implementable / available  to the user. This 
security device uses a special password based on your computer specific  information  

This is an OPTIONAL provision only. If the license holder chooses not to implement this security 
protection it will in no way inhibit the use of the software as it relates to the compensation and all necessary 
tools for data analyses. A warning message screen (as shown below) will appear each time the software is 
started.   To continue using the software simply click on the OK button   
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REQUIREMENT FOR MAGNETIC COMPENSATION     

Modern magnetometers and signal processing boards for magnetic measurements now 
enable both high sensitivity and high sampling rates to be coupled with a broad bandwidth.  The 
magnetic interference from the airframe and the sensor itself due to attitude changes are far greater 
than the inherent resolution of the system.  Changing of magnetic parts and the use of coils and 
permalloy strips can only partially remove the interference effects.  Proper magnetic compensation, 
either in real time or post processing is necessary to remove the aircraft s interference.  The 
compensation must address all of the interference sources.  Magnetic compensation is now the 
limiting factor in the overall useful sensitivity of airborne magnetic surveys.   

It has been our philosophy to use very much a graphical approach to magnetic 
compensation so that the operators can always see down to the noise levels of the system.  By this 
technique interference effects can often be seen immediately and cured before expensive airtime is 
wasted.   

Additionally we recommend the use of wide bandwidth, which must be matched for the 
magnetometer and the compensating fluxgate.  We recommend the use of 10 Hz sampling with a 2 
Hz bandwidth to reduce the effects of aliasing.     

The PEI method uses purely software techniques, without the use of varying currents and 
coils which can distort the field around the sensor.  The PEI method records the compensated data 
and all of the required raw data necessary to re-compensate the magnetometer data in post 
processing.    

SOURCES OF MAGNETIC INTERFERENCE   

Magnetic interference in a geophysical aircraft environment comes from several sources.  
These include:-   

A) Permanent magnetism, mainly from engines and other 'hard iron' magnetic 
components close to the sensor.  This interference is proportional to the coupling with the magnetic 
field generated by the permanent magnetic materials on or inside the aircraft.   

B) Induced magnetism, from 'soft iron' components close to the sensor.  This 
interference is proportional to the coupling with the magnetic field and the magnitude of the 
magnetic field and is a function of the susceptibility and size  of these components.   

C) Eddy current terms, from rate of change of movement of conductive surfaces in a 
magnetic field.  This interference is proportional to the coupling with the magnetic field, it's 
magnitude and the rate of change of attitude. Although, these causes are often considered to be the 
major contributions to eddy current effects , there are, in principle, many other sources which are 
not well understood.   

D) Heading effects of the magnetometer sensor itself.   

E) Altitude changes in a vertical magnetic gradient.   

F) Additional effects come from moving surfaces and materials, such as trim 
surfaces and push rods, and distortions of the airframe through flexing.  
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G) Electrical and mechanical interference in the pass band of the system.   

The order of magnitude of these interference effects varies greatly from installation to 
installation.  Typically permanent terms could bring 10 nT of magnetic interference, the induced 
terms 5 nT and eddy current terms 2 nT.  The heading effects of modern magnetometers can be as 
much as 0.5 nT while the vertical magnetic gradient at 3000 m. above ground is of the order or 30 
pT/m or 10 pT/ft.     

On a fairly clean magnetic installation moving surface and electrical and mechanical 
interference should be better than 1 nT.  These can be tested on the ground in a quiet location with 
the sensor held in a rigid position.  As these interference sources are not measured they will affect 
the residual compensation and should be minimised.  In fact the cleaner the installation, with 
respect to these unmeasured interference effects, the poorer is the overall improvement by this 
compensation.   

The main differences in these terms can be seen in their magnitude and phase relative to a 
sinusoidal motion.   

The permanent interference effect would be in phase with this motion.   

The induced component is again in phase with the coupling but with only an increasing 
effect of the measured field, maximum along the north and south directions where coupling with the 
magnetic field is greatest.   

The eddy current term has a magnitude proportional to the absolute value of the magnetic 
field coupling and to the rate of change of coupling.    

Above we show individual interference effects for a sinusoidal motion.  They can be at the 
frequency of the motion, both in phase and 90 degree phase shifted.  They can also have a 
frequency twice that of the motion, again in or 90 degree phase shifted.  The resulting magnetic 
interference is the vector sum.  This can have a complex shape, depending on the magnitudes of 
the interference. 

 

Figure 1 
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REALITY IN COMPENSATING A REAL AIRCRAFT   

The residual magnetic interference is somewhat more complex that a simple sine wave 
manoeuvre.  In reality the magnetic interference is in three dimensions, longitudinal, transverse and 
vertical.  Additionally the components in each dimension have different interference effects from 
pitch, roll and yaw motions.  Similar phase shifted responses exist for rolls and pitches.  The 
summed interference is much more complex as the three dimensional attitude and rate of change of 
attitude of a real aircraft is inter-related.   

In a real environment the aircraft is also moving through a changing magnetic field.  Even 
high above ground level there still exists long wavelength gradients and curvature in the magnetic 
field.  By carrying out a box manoeuvre the background magnetic gradient changes at the same 
time as the heading effect of the aircraft.  This makes it extremely difficult to separate the two 
effects.    

BASES OF COMPENSATION   

The basis of our compensation is the reduction of motion induced noise on the selected 
magnetic elements.  These can be individual sensor or various gradient configurations.  This motion 
noise comes from the complex three-dimensional magnetic signature of the airframe as it changes 
attitude with respect to the magnetic field vector.  The noise comes from permanent, induced and 
eddy effects of the airframe plus additional heading effects of the individual Cs sensors.   

Due to the background magnetic changes experienced in real flying conditions, long 
wavelength geological interference, it is felt that it is not easy to obtain adequate compensation 
coefficients which can be used on all survey headings.  Only in extremely low gradient areas would 
this technique give reasonable results.  This is due to the fact that these background changes alter 
with the heading and have the same high frequency components.  They are, therefore, 
indistinguishable from heading effects due to the airframe alone.  Attempts to use 1 set of 
coefficients for all headings average these background errors into the compensation coefficients 
and produce inferior results during compensation. Additionally, the coupling of the earth s magnetic 
field with the susceptible and conducting materials on the aircraft changes with heading and thus 
the net effect on the individual sensors varies with aircraft heading and thus this would imply the 
necessity of heading dependent coefficients.   

Our approach has been to use four individual sets of coefficients, one each for the four 
cardinal headings.  These are assigned to be nominally  'N', 'S', 'E' and 'W'.  On survey the changes 
from the nominal line are small, typically within +-20 degrees for pitch, roll and yaw. Note: You may 
also use diagonal paths in the box data. Be sure, in all cases, when calculating the coefficients to 
split the box flight into its different flight directions as lines or profiles . This is easily done within 
EMIGMA prior to caculating the coefficients.   

We define 4 cardinal headings for each survey, even if only 2 are used for surveying. Of 
course, the other 2 cardinal headings may be used for tie lines. These cardinal headings are 
normally, but not necessarily, orthogonal.  The Main Cardinal Heading is defined as the grid value 
of the cardinal heading closest to grid north.  For example, the main survey direction is on a 
heading of 100 degrees east of grid north then the cardinal headings are 10, 100, 190 and 280 
degrees with the Main Cardinal Heading 10.  We then define our 10 degree east heading as 
'NORTH'.  Similarly the 100 degree heading is defined 'EAST', the 190 deg heading as 'SOUTH' 
and the 280 degree heading as 'WEST'.  This convention will be carried through from the SURVEY 
program to post-processing.  
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The magnetic compensation is carried out in software without the use of active distorting 

magnetic fields.  A magnetic interference model has been constructed with three orthogonal sets of 
components.  This assumes a magnetically rigid magnetic interference model.     

A three axis fluxgate is used to measure the coupling of the three axes with the background 
magnetic field.  This sensor is very sensitive to attitude changes and is used to accurately monitor 
the aircraft reference frame.  The frequency response and sample rate of the acquistion 
systemdused to measure the fluxgate signals should be the same as that of the magnetometer 
acquistion system.  This means that there is no phase distortion of these synchronised 
measurements.  This leads to improved compensation throughout the pass band of the system.     

A series of pitch, roll and yaw motions are carried out on each survey direction to vary this 
coupling and gather fluxgate, barometric and measured magnetic field data.  This data is processed 
using generally either an SVD or a Ridge-Regression technique to find a stable set of coefficients 
for the model.  When the compensation algorithm is run using the model and coefficients, either in 
real-time or post-processing, a magnetically compensated data set is generated.   

We have tried to make this software as production orientated as possible, to supply the 
operator with real-time compensated data to view, confirming that it meets company specifications, 
and continue flying.   

The programs supplied should enable the user to achieve software magnetic compensation 
for total field data.  This can be carried out in real-time using previously calculated compensation 
coefficients or in post-processing using a selection of compensation coefficients.  

NOTE on Box Maneouvers: The coefficient calculation is such that no specific flight maneouvers 
need be made BUT sufficient maneouvers must be made to characterize the effect of the aircraft 
and the sensors with regard to attitude. Both, slow moving maneouvers and high frequency 
manoeuvers should be made in all directions during the box.  
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STAGES OF COMPENSATION  

The compensation takes four stages:-   

A) Acquisition of motion test data.   

B) Reduction of this data to produce compensation coefficients.   

C) Production use of these coefficients in real time to supply compensated magnetic 
elements.   

D) Post processing, if desired, of the raw data with other sets of compensation 
coefficients for  improved results, if valid.    

ACQUISITION of Motion Test data (Box data)   

The acquisition of motion test data should take approximately 20 minutes.  Let us consider 
that we want to fly N-S traverses and E-W tie lines.  The test should consist of the following:-   

1) Have all equipment in normal operating conditions.  The sample rate should be that of 
the survey.  10 Hz sampling with a 2 Hz bandwidth is recommended for all surveys. All the 
equipment that would normally be ON during a survey flight should on. If the aircraft is equipped 
with an auto-pilot it should be turned off and the aircraft flown manually. Aircraft systems that 
consume large amounts of power  such as air conditioning should be either turned off and left off or 
placed in a mode where the compressor and fan systems are continually on and do not cycle. It 
should be noted that whatever aircraft systems are on during the compensation test flight must be 
ON for all surveys flights. Failure to observe this practice will result in poor compensation results 

during survey data acquisition.    

2) The pilot(s) should be consulted to ensure they understand the following, often 
somewhat conflicting, ideal requirements.   

The compensation test should be carried out in a magnetically quiet area at high altitude, 
away from ground effect, at least 8,000 feet above ground.  The normal data acquisition program 
should be run with the sample rate the same as that to be used in the survey.    During each of the 
four lines the aircraft should perform three each complete pitch, roll and yaw motions.  These 
should be smooth and as symmetrical as is possible, of typically 5-10 second period.  In addition, if 
flying any diagonal lines during the survey, diagonal lines should be flown in the motion o box test.   

The motions should be consistent with normal aircraft motion experienced during survey 
data acquisition. Roll manoeuvres should be +/-10 degrees peak to peak, pitch manoeuvres should 
be +/-5 degrees peak to peak and altitude changes should also be minimised, 50 m. or less if 
possible, and yaw manoeuvres should be +/- 5 degrees peak to peak.  Only the aircraft surfaces 
that are used on line to alter the aircraft attitude should be used, e.g. do not use rudder excessively 
if this is not normally used as magnetic push rods may complicate the compensation.  The order of 
motions is not critical.  It is, however, good procedure and enables us to view the replot in a more 
meaningful way.  The line should be closed, the aircraft set on a new heading, e.g. west, and the 
same motions carried out.  The motions should then be carried out again on the remaining south 
and east headings. IN order to assist in data analysis the operator should note on the flight log the 
start and end fiducials for each of the 12 manoeuvres  
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The operator may have several files, one for each direction or one file for the entire flight. 

The software can manage with either of these cases.   

The reduction of the data to calculate the coefficients can be carried out on the aircraft but 
is easier to do it the ground, either on the aircraft system or a similar PC computer.  It is 
recommended that a plot is carried out of the data at the fastest sample rate to view the fluxgate 
and the magnetometer signals to ensure that there are no glitches or other problems with the data.  
The user should also select the fid ranges to use for each heading.  There should be from 800 to 
2000 data samples for each line.   

It is recommended that this test procedure should be carried out at the beginning of each 
survey and every two weeks or whenever any major magnetic component is changed. 
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REDUCTION WITH EMIGMA/QCTool  

EMIGMA's tool "Magnetic Compensation" calculates the regression of the magnetometer readings 
individually against the fluxgate signals.   

THE SOFTWARE DONGLE   

If you are running EMIGMA in a WINDOWS-based systems, a software dongle will be necessary.  
The software dongle contains different codes which control the availability of various aspects of 
EMIGMA. The dongle is read on start-up, and EMIGMA is configured in accordance with the 
contents of the dongle.  In this way, it is possible to customize EMIGMA to particular individual 
requirements.  

The software dongle should be plugged into the parallel port of your computer before EMIGMA is 
started, and should remain in the port for the duration of the model run.  The executable may be 
placed on a number of computers, but the dongle must be on the computer when executing. 
NOTE: If a parallel port is not available, a USB dongle can be provided. Some newer computers 
particularly Toshiba notebooks can come without the parallel port enabled. If the software 
indicates that it cannot find the dongle, the user should check the parallel port settings in the 
BIOS. We recommend the parallel port dongle due to its strength and reliability.  

Getting Started in EMIGMA V7.8  

Start -> Programs -> Emigma 7.8 -> Emigma V7.8  

$ To Create a New Database - Select Copy Template Database, OK  

  

A new window will open as shown below. This window allows the user to create a new database 

Click here to 
allow 
creation of a 
new 
database 
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name and store it in the directory of choice. This would usually be the main data 
processing directory or the directory containing the raw flight data. It is recommended to 
place the database in a subdirectory of your processing directory.  

  

$ (If you need to Browse for the file template Database file: NewDatabase.mdb you will find 
it in c:\emigma\emigmav7.8\bin   

$ Save New Database - Browse for the path to save your new database file and give it a 
name.mdb as shown in the figure below                             
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To open an Existing Database - Select Open an Existing Database and either 
chose your database from the list or browse for your data base file by selecting 
More Files .                           

If the user elects to load an existing database the chosen data base will be loaded and the 
following screen will appear showing the particulars of the database.                  

Click here to 
allow 
selection of 
an existing 
database 

Click here to 
allow 
selection 
from 
different 
directories 
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Import Data 

 
Creation of a new 
Database      

If the user has elected to create a 
new database from scratch the 
following screen will appear but 
will have no information listed in 
the various information boxes.      

Importing Data to the Database          

Select the Import Data Icon  

If you are creating a new database within an existing project:  

You will be asked if you want to create a new Project.   

Select Yes if you are starting a new database or a new project within a database. Select No if you 
want to import a data file into a preexisting project.   

Type in the name of the New project. OK  

If you are creating an entirely new project and data base the following screen will appear             
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Enter in the name of the new project and click on the OK button. The user should ensure the 
project name is informative and represents the project at hand.   

After clicking on the OK button the import Utilities window will appear as seen below 

  

Select either XYZ Import for Mag Compensation, Picodas Bindary or PICO Import from the Import 
Utilities List by clicking on the desired line.       

             

Click on "Browse" button 
to select data file you 
would like to import into 
the database 

 

Use this import application to 
import compensation box  data 
or survey flight data 

If you import Compensation 
Box Data make sure that 
"Compensation Box Data" is 
checked. To import real 
magnetic flight data ensure 
this button does not have a 
check mark. 

Select data 
type to be 
imported 



PetRos EiKon        MAGNETOMETER COMPENSATION SOFTWARE   

15

                          

.            

It should be noted that the compensation software treats compensation box 
data as a separate entity / database from actual flight data. If the user wishes 
to use the calculated coefficients to actually compensate the box data to 
determine its effectiveness then the data must be imported twice, once as 
box data and again as flight data.  

Once the desired line to be imported has been selected click on the import button. The data from 
this line will be entered into the data base. To add additional lines click on the Add New Line 
button, select the appropriate line(s) and press click on the IMPORT button again. Repeat this 
procedure until all the lines from the compensation box have been entered into the data base  

Click on "IMPORT" 
button to import data 
from the selected file
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Selecting additional 
lines to import                           

Import screen showing the imported lines and the available channels. After all the lines required 
have been imported click on the close button.                    

Click here to 
allow selection 
of additional 
lines

 

Click here to import the 
selected line 
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Viewing the Box Data   

Once the data has been imported into the database it may be viewed in several ways.  
The data can be viewed as analog type graphs or as flight path information.  We suggest the data 
be viewed in both formats to aid in determination of the data s suitability for use in the generation 
of compensation co-efficients.  

From the respect of flight path the user should ensue that the lines for each heading are 
orthogonal, that the line heading was maintained during each line, and that the headings flown 
represent the flight line and control line headings for the current survey   

The total field magnetic data, fluxgate magnetometer data, as well as barometric 
altimeter data (if available) should then be displayed in graphical format. This will allow the user 
to determine the quality of the data. The data may be edited in this mode to remove any 
unwanted data such as spikes or dropouts, and excess data may be removed. Removing excess 
data is important.  Since the calculation of coefficients is based on the data generated by aircraft 
maneuvers; the user should take great care to edit the flight data to include only those data 
sections that represent specific roll, pitch and yaw maneuvers Any extraneous maneuver 
information such as turns or changes in altitude that are included as part of the compensation 
calculations will adversely effect the results of the compensation.   

VIEWING FLIGHT PATH DATA   

In order to view the flight path data click on the PROFILE MODIFIER icon located on the 
too bar. (See figure below). This tool can be used to separate headings if the data has been 
collected in less than 4 files.              

This tool can be used to split the boxlines into separate cardinal directions as well as to clean off 
superfluous (trim) data positions and portions of the flight such as the flight path into the box.

Survey Editor 
(Scissors) may be 
used to see the flight 
paths of the box data. 
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Below are shown two samples of a compensation flight data set.  The data shown in the first 
example would give very poor results in generation of compensation coefficients As can be seen 
from the displayed flight path the lines flown do not maintain a constant heading throughout their 
length and are only roughly orthogonal  

   

The figure below depicts a much better flight path data set. As can be seen the lines are uniform 
in direction are very close to orthogonal                          

VIEWING GRAPHICAL DATA   
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Data Correction may be used to view the channels of the Box Data including the TMI and the 
individual fluxgate data as well as the data statistics. Individual or multiple channels may be 
displayed or edited in single or multiple plot windows.   

This window allows the user to display single or multiple graphs of the data. The user may delete 
extraneous data, delete spikes or dropouts and visually confirm data integrity.         

Click this 
icon to view 
graphical 
data 

Right click 
on column 
heading to 
select plot  
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Data can be viewed in more detail by clicking on the zoom icon (shown at left) and selecting the 
region of interest                

The user may view different lines by clicking on the profile selection box. A drop down window 
appears displaying the lines currently loaded into the data base. Click on the desired line to 
display that data set.          

Left click and hold 
to adjust plot 
window size
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EDITING BOX DATA  

Removing unwanted or superfluous data is a simple procedure involving several steps:  

1> Pick a point on the graph where you wish data editing to begin. Click on the profile at this 
point. A cursor line appears and the corresponding point in the database is highlighted (see figure 
below)  

           

2>Click on the corresponding N cell (blue column on the left side of the data base. This defines 
the start point for the data to be edited / removed. In the  example above we wish to remove all 
the data to the left of our reference point.  Using the mouse and the vertical scroll bar on the right 
of the data base display scroll upwards to the beginning of the data set.   

Press and hold the SHIFT key on the keyboard and click on the top N cell in the database. The 
selected range of cells will become highlighted as shown in the next figure. Depending on the 
size of the region selected for deletion and the speed of the computer used this may take several 
seconds to accomplish.     

Start point for data 
deletion 

N column

 

Vertical scroll bar 
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Place the mouse cursor anywhere on the highlighted region and right click the mouse 
A delete points button will appear. Place the mouse pointer on the DELETE POINTS button and 
left click the mouse or press the enter key on the keyboard  Refer to the figure below    
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Once the unwanted cells have been deleted the data graphs will be redrawn to show the 
remaining data as shown below:                       

Repeat the process as required for all the lines in the comp box. After the editing process has 
been completed remember to save the edited data file with a unique file name . This is done by 
clicking on the save data icon shown below. This will save the edited data and return the user to 
the main database screen.      

The user will see that there are now two database files with the same name The edited database 
will be the bottommost file.              

IN order to change the edited comp box  file name highlight the file name by placing the mouse 
cursor over the file name and left click. The current file name will appear in the  SURVEY NAME 
window box. Place the curser in the Survey Name window and left click. Edit the name as 
required and then left click on the change button. The new name will replace the original. 

Original unedited comp 
box data file 

Edited comp box data file 
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In addition to the Data Correction tool, there is a useful plotter provided.  

  

File name to be edited

 

Enter new 
file name 
here

 

Click here to 
save new 
file name 
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Coefficient Calculation  

When your comp box data has been entered into the database and suitably edited; you can 
launch the coefficient calculation application  
From the main project screen select the PROJECT with edited Comp Box Survey Data; click the 
button "Compensation Coefficient Calculation" from the toolbar (button with calculator image).    


