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1. Overview and background

This document describes how to calibrate Ellipse sensors, when they are strapped on an object that affects 
the local magnetic field.

Ellipse sensors are fully calibrated in factory. As for other sensors, magnetometers are fully temperature
compensated. However, magnetic sensors are very sensitive to their close environment (mainly the objects
on which they are strapped) : Some materials can generate magnetic fields that will be summed with Earth
magnetic field, and some other can distort the existing magnetic field. These effects will be measured by
magnetometers and will not be distinguished from the Earth magnetic field, and therefore error will occur in
heading estimation. The amount of this error can be really significant, reaching dozens of degrees i n many
cases.

SBG Systems has carefully chosen materials that do not disturb magnetic field in the Ellipse hardware. So
the unit itself should not disturb the magnetic field so much. Unfortunately, it is sometimes impossible to
remove that kind of materials in customer system. There are two kinds of distortions, which are described
below.

Hard Iron distortions

This kind of distortion is caused by magnets, or anything that acts as a magnet. It is very easy to magnetize
objects like screws or nuts. Hard irons generate magnetic fields that are summed with the Earth magnetic
field. Hard Iron effect shifts the magnetic field measured by magnetometers by a constant offset, whatever
the device orientation is. Power supplies, which generate high current (several amps) and their associated
wires, may also generate magnetic fields.

Soft Iron distortions

This kind of distortions are caused by ferromagnetic objects which are placed in the vicinity of the device.
Iron, and some steels for example are ferromagnetic materials, but more generally, anything that sticks to a
magnet is ferromagnetic. Ferromagnetic materials do not generate their own magnetic field. Instead of
that, they react to existing magnetic field (in our case Earth magnetic field). By this way, Soft Irons distort
the  local  magnetic  field  in  a  different  way  depending  on  the  magnetic  field  direction.  In  addition  to
changing the magnetic field measurements, it also tends to rotate it compared to inertial reference frame.
That rotation can be quite significant, reaching tens of degrees in some cases. This is why soft Irons are
much more difficult to compensate for. 

1.1. The most advanced calibration procedure available on the market

SBG Systems was the first company to introduce an easy to use hard & soft Iron calibration procedure in
2008 with the IG-500 series.

Since then, Hard and soft Iron calibration became a standard in the inertial sensor industry.

Always looking for best quality, SBG Systems stays a step ahead by using a new compensation of magnetic 
coordinate frame alignment. When standard calibrations on market are subject to large and non-constant 
errors, SBG Systems guarantee a reliable, yet easy to perform calibration.
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1.2. What can be compensated for and what cannot

It is critical to distinguish disturbances that can be calibrated from disturbances than can not be.

1. Distortions that come from materials which are fixed with respect to the device coordinate frame
can be compensated for by the calibration procedure.

2. Distortions that  are  not  fixed with the  device,  and move independently  with  respect  to the
device, or distortions that change over time, cannot be compensated for and must be limited as
much as possible. 

Distortions of the magnetic field act generally very locally, so in practice keeping the device far enough from
the noise or time varying magnetic field might make the error negligible. Ideally, keep the device away from
source of disturbances from at least 3 meters.

Note:  Thanks  to  its  internal  Kalman  filter,  the  Ellipse  is  able  to  cope  for  short  term  external
distortions.  Distortions that last up to a few minutes are handled without significant heading drift.
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2. Procedure

The main goal of the procedure is to perform magnetic field measurements in many different orientations.
This is done by rotating the device in different orientations to measure the magnetic field. SBG Systems
exclusive algorithms are able to map the magnetic distortions in 3D and compensate for them. The more
orientations will be passed through, the best the results will be.

If you cannot rotate the device freely in all possible orientations, the calibration algorithm can easily cope
with it, and you will still get a good precision in orientations that were covered. However, a minimum of 9
significantly different orientations is required to perform the calibration.

Two types of calibration are provided depending on the degree of freedom of the device:

Important Note: In order to get good results, it is important to keep away from at least 3 meters all
external  sources  of  magnetic  disturbances. Keep  in  mind  that  a  building  structure  generally
contains steel and other sources of interferences, as well as computers, chairs, desks, etc.

2.1. 3D Calibration

3D calibration procedure  is  the  standard  procedure  and should be  preferred as  it  will  provide  the  best
performance in most applications. When user starts it, the device has to be rotated through the maximum
amount of different orientations. User has simply to rotate the device regularly at a relatively slow rate
(< 250°/s rotations are acceptable). Too fast movements may weaken results.

Ideally, the points should draw a complete ellipsoid shape. User has to try to cover a maximum of this
ellipsoid shape to get the best results. After calibration, the magnetic field norm should equal 1.0 in all
orientations. In this case, all points after calibration should be placed on a unit 3D sphere.

2.2. 2D Calibration

Sometimes, it is not possible to move the device in 3D. A 2D calibration is intended for these cases. The
procedure is just to rotate the device through a horizontal circle. It is possible to cover less than a full circle,
but  best  results  are  achieved  with  a  full  360°  coverage.  Before  the  calibration  is  performed,  the
magnetometers readings should form a 2D ellipse. After calibration, the magnetic field norm should equal
1.0 in all orientations. In the 2D case, all possible magnetic fields should be placed on a unit circle.

Note 1:  The 2D calibration algorithm is specifically designed to make the best use of all available
data, even with a very limited motion. However, due to physical and mathematical constraints, it is
not possible to fully realign magnetic and inertial coordinate frames in that calibration mode. This
can lead to a residual offset on the heading measurements that depends on the magnitude of
disturbances to correct.

 There  is  no  way to  estimate this  offset but  you can read it  by placing the  device  to a  known
heading.

Note  2:  The  2D  calibration  requires  sensor  position  (Latitude,  Longitude,  Altitude)  and  date
information in order to work properly.  It  can be provided by “initial  parameters” on an Ellipse-A
product, or/and when the system has entered in navigation mode for Ellipse E and N models.
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3. Calibration methods

SBG Systems now supports two calibration methods that offer the same performance level. The choice of 
the method to use depends on the user integration constraints.

● sbgCenter method which is the easiest way to proceed and should suit to most applications. It can use
either real time data, or previously recorded data. This requires a computer connected to the sensor,
but it gives a nice and powerful real-time feedback.

● On-board calibration method, that provides similar performance as the above one, but that do not
require any special piece of hardware to be executed. The Ellipse does it by itself when it receives
corresponding commands!

3.1. sbgCenter method

This method is advised if a computer can be connected to the device. It is very flexible and allows real time
calibration, as well as calibration with log files.

3.1.1. Presentation of the calibration window

On the left of the window, a file list is available to include log files to reprocess or that has been previously
recorded. Multiple files can be used for a single calibration.

Then, two 3D plots are displayed: 

● The first, “Before” shows all points in 3D as they are measured by magnetometers before any 
hard/soft iron calibration. This display is updated in real time.

● The second one, “After” will show the same points, transformed by the calibration algorithm. This 
display will only be updated once the Calibrate button is pressed.
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These 3D plots can be easily rotated with the mouse, and you can also zoom in/out with the mouse wheel. 
When you rotate a plot, the second one will also rotate so that the field of view remains the same in the 
two displays.

On the bottom, several buttons allow to:

● Reset calibration data

● Start/ Stop Real time acquisition

● Calibrate acquired data

● Save acquired data for future use

● Finish or cancel calibration

A few options will allow user to tune calibration behavior. These options can be used before or after the
acquisition has  been performed,  so  it's  possible  to  try  new settings to  see  if  the  calibration is  better
performed in 2D or in 3D.

● Bandwidth, set to “High” by default, can be reduced to improve calibration robustness against noisy
magnetic  field  environments.  In  case  of  selecting  “Normal”  or  “Low”  bandwidth,  it's  then
recommended to move slowly the sensor during calibration (rotations < 100°/s).

● Mode can be set to 3D or 2D. 3D is the default one and should be used as long as it's possible to
provide sufficient motion.

Finally a few boxes will inform user about the calibration procedure, its results, and some quality hints:

● Points information: The number of collected points is displayed. The more points will be collected, 
the best the calibration will be. The length of the current magnetic field is displayed once the 
calibrate button is pressed. This length should always equal one in all orientation with a good 
calibration.

● Before deviation: This information is updated each time the calibrate button is pressed. It informs 
about the distortion of the local magnetic field before calibration. The average deviation is 
representative of the magnetic field. STD Dev defines the noise observed, and the maximum 
deviation informs about how noisy the environment is. 

● After deviation: This is the deviation of the magnetic field, when the full calibration algorithm is 
applied. The average deviation is the most representative information. STD Dev defines the noise 
observed, and max deviation represents the worse case of all measurements performed during 
calibration.

● Expected error: Finally, this box shows in term of degrees the expected magnetic heading error after
the full calibration. The STD error is the most representative information. Max error represents the 
worse case of all measurements performed during calibration. If the max error is high, it may come 
from a disturbed magnetic field during calibration.

3.1.2. Real Time Procedure

Before launching the calibration procedure, it is recommended to put the device in a place free of external 
magnetic fields (more than 3 meters of any source of distortion).
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Step 1: Start/Reset the procedure

Once you have started the Soft and Hard Iron Calibration Tool, the following window appears. When the

device is ready for calibration, you can click on the Start Acquisition button.

Step 2: Rotate the device

Step 3: Press the “Calibrate” button
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Figure 3.4: Points are first displayed in the
"Before" plot (3D mode)

Figure 3.3: Points are first displayed in the
"Before" plot (2D mode)

Figure 3.2: The window of the calibration tool, before the calibration really starts
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If the calibration tool detects some issue during calibration, a pop-up window will appear to tell you what is 
wrong. Possible errors might be having not enough motion observed during calibration, or alignment issues 
that come from a too fast motion or too noisy magnetic field.

Step 4: Press OK to finish procedure. 

The calibration data will be sent to the device and saved into internal Flash memory.

3.2. On-board calibration

The on-board calibration  method shares  the  same principle  of  operation as  the  sbgCenter  one.  So we
suggest you to first make use of the sbgCenter method to get familiar with the concepts involved in the
magnetic calibration before using the on-board method.

On-board and sbgCenter methods will  provide similar  performance.  The on-board calibration has just a
smaller memory than a standard PC, so it's not able to store more than 1000 calibration points. Please note
that this will not affect performance as an intelligent system only stores relevant points in the internal
memory.

The on-board calibration is using different low level commands to achieve the full procedure, and we will
basically run the same steps as sbgCenter method.

3.2.1. Initiate the calibration

The command SBG_ECOM_CMD_START_MAG_CALIB is sent to the Ellipse to start magnetic calibration. At
this point, user must define some calibration parameters:

● Bandwidth must be selected (high, medium, or low bandwidth). High is the default one; other options
are useful to cope with noisy magnetic fields.

● 2D or 3D calibration mode. 

3.2.2. Compute calibration parameters

Using  the  command  SBG_ECOM_CMD_COMPUTE_MAG_CALIB,  the  Ellipse  will  compute  all  calibration
parameters, and will return the calibration result, with advanced quality indicators, and indication about
how to solve any calibration issues.
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3.2.3. Store calibration parameters into the Ellipse internal memory

Once proper calibration parameters have been returned by the Ellipse, the user can decide to apply it. In
order to do so,  the command  SBG_ECOM_CMD_SET_MAG_CALIB must be sent with returned correction
vector and matrix as parameters.

Finally,  the  new  configuration  must  be  sent  to  flash  memory  for  use  at  the  next  boot,  using
SBG_ECOM_CMD_SETTINGS_ACTION command.
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4. Advises and limitations

4.1. Cover a maximum of different orientations

Best results will always be given when a wide range of orientations is covered during calibration. In theory
only  a  few  orientations  would  be  necessary  to  map  the  whole  magnetic  field.  But  due  to  noise
measurements,  external  magnetic  fields and other effects,  it  is  always better to collect  the maximum
amount of data to get good results.

4.2. Limited degrees of freedom

If the device cannot be rotated freely in all  orientations, the algorithm will  still  be accurate, but only in
orientations that were covered during calibration procedure.

4.3. Keep away from any external sources of distortion

The magnetometers and the calibration algorithm cannot distinguish between distortions caused by 
external magnetic fields and distortions caused by the object on which the device is strapped. Those 
external distortions can be generated by the building structure, or Iron desks, computers etc. 

It is therefore very important to move away the device from ferromagnetic objects within about 3 meters.

Note: This recommendation becomes even more important if the calibration is performed within a
limited set of orientations.
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Figure 4.2: Example of a calibration with limited
rotations (2D mode)

Figure 4.1: Example of a calibration  that can be
achieved in marine applications (3D mode)
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5. Support

Our goal is to provide the best experience to our customers. If you have any question, comment or problem
with the use of your product, we would be glad to help you, so feel free to contact us:

EMEA:

SBG Systems S.A.S.
1 avenue Eiffel
78420 Carrières-sur-Seine
FRANCE

Phone: +33 1 80 88 43 70
support@sbg-systems.com

Americas:

SBG Systems North America, Inc
5932 Bolsa Avenue, Suite #103
Huntington Beach, CA 92649
USA

Phone: +1 (657) 549-5807
support@sbg-systems.com
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