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Algorithms for de-rotating 
2 horizontally offset magnetometers 

with 1 vertically offset magnetometer



  

3 TMI measurements at each station in the local 3 TMI measurements at each station in the local 
frame (platform) originating at (Px,Py,Pz)frame (platform) originating at (Px,Py,Pz)

Sensors
dv

dw

(Px,Py,Pz)
(starboard)

(port)

(lower)

In this configuration, the 3 sensors are set on a  rigid frame which varies its 
orientation continuously during flight. The problem is how to obtain gradients 
in some useful and consistent coordinate system.

Locally ( ie. at each position), the sensors measure derivatives in somewhat 
random orientations. Unless, the gradients can be de-rotated to a consistent 
frame then they have limited usefulness.



  
Global  vs. Platform (local) FrameGlobal  vs. Platform (local) Frame

 

i.e. pitch, roll, heading

Normally gradient vectors can be orientated easily from a local frame to a more 

general geographic, geomagnetic or grid system if the orientation of the rigid

system and the 3 gradient vectors are known. Mathematically, 

(x,y,z) Grid , 
Geomagnetic,

Geographic

(u,v,w) platform

The orientation is represented mathematically by:



three equations in four unknowns                three equations in four unknowns                

Platform Transverse GradientPlatform Transverse Gradient

Platform Vertical GradientPlatform Vertical Gradient

Two of the platform derivatives derived via the following equations:

At each data point, we wish to recover the 3 gradients in the

grid system. i.e., M/ x, M/ y, and M/ z. However,

!!??



The derivative in the direction of flight (in-line) has no direct

measurement for this configuration. Normally, it is estimated by the 

difference in 2 in-line average measurements, i.e.
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Where,                    are the average M at each data point.

However, using this estimate of the in-line derivative with the other local 
derivatives to de-rotate the gradients as if in a fixed rigid system presents 
problems. As will be seen later.

2,1 MM



fourth equation !fourth equation !  

Previous observation at (Px ,Py ,Pz )Previous observation at (Px ,Py ,Pz )

Flight PathFlight Path

Another approach is to use the notion of a directional derivative



  

Simulated Flight PathSimulated Flight Path
roll, pitch, heading, altitude variations and thus roll, pitch, heading, altitude variations and thus 
magnetometer  frame orientations generated magnetometer  frame orientations generated 
semisemi-- randomlyrandomly

Simulated data mathematically generated Simulated data mathematically generated 
allowing analytic gradients for benchmarkingallowing analytic gradients for benchmarking

In this example, the locations of the center of the sensors vary pseudo-randomly 
along a prescribed flight path and the orientations of the 3-sensor rigid system 
are allowed to vary at each data position in a smooth but random fashion. The 
data at each sensor is generated by simulation at the location of that sensor by 
means of PetRos EiKon s 3D Magnetic modeling functions.
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The determinant at each point of the 4 eqn system for de-rotation
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Transverse vs. Easting

 
Flight Path North

For the simulation, the flight path is generally 

North and here we show the simulated transverse

measured derivative (blue) against the 

de-rotated derivative (red)
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Easting vs. Analytic

Here the derived derivatives from the de-rotation

are shown against the true derivatives in the grid

east direction.



  
Section of a Single survey line (LINE10) with Section of a Single survey line (LINE10) with 
approximately 620 stationsapproximately 620 stations  

Simulated data is generated on three profiles Simulated data is generated on three profiles 
which follow the trajectories of the three which follow the trajectories of the three 
sensors based on given flight path and sensors based on given flight path and 
orientation informationorientation information  

> (x,y,z), pitch, roll, heading are from > (x,y,z), pitch, roll, heading are from 
real datareal data

For this example, we utilize actual data locations and sensor

orientations but use synthetic data to check the processing technique
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Here we show the synthetic model and the actual flight path with elevation for synthesis.
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Note: global (x,y,z) = local (-v,u,w) 
approximately
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Derived Derivatives in Global System
(de-rotated)

The processing technique significantly 

smoothes the derivatives as well as un-mixing 

the horizontal derivatives.



0.00 2000.00 4000.00 6000.00 8000.00
Northing

-0.80

-0.40

0.00

0.40

0.80

1.20

G
ra

di
en

t

-Mv

Mu

Mw

no rotation relative to flight path



Note: global (x,y,z) = local (-v,u,w) 
approximately
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Measured corrected data Measured corrected data 

(LINE10, LINE70)(LINE10, LINE70)  

Processed to derivatives based on given Processed to derivatives based on given 
flight path and orientation informationflight path and orientation information

Here we examine several effects of examining or using derivatives 

without correct processing




