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Effects of aircraft motion on data
a) What are the effects?
b) Traditional approaches
c)    Why Study Compensation? methodology , direction

Investigation of some fundamentals
a) Solvers, Filters
b) The use of synthetic data

Compensation with multiple GPS antennae
a) Methodology
b) Results

Where to from here?

PetRos EiKon
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Compensation of AeroMagnetic Noises

OVERVIEW

BASICS
- New generations of optically pumped sensors have their sensitivity quoted  in pT 
- New instrumentation is also attempting to measure high accuracy vector data. 

- Aircraft/helicopter itself emanates magnetic signals
- Compensation a limiting factor in obtaining highly accurate data

TOPICS
1) problems and techniques related to removing the effects of the moving platform
2) attempts to study the subject with the use of simulated data.
3) Attempts to use GPS data as orientation 
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Compensation of AeroMagnetic Noises

BASICS

Permanent
Induced
EM ?

Total field sensor
3-axes fluxgate

B0

aircraft (helicopters, moving platforms) are magnetic 

magnetic effects VARY with the aircraft s attitude (wrt B0 )

Motion within B0, Gradients in B0, heading effects

Determine the effects as a function of attitude and rotation rates
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Compensation of AeroMagnetic Noises

METHOD

BT = Ci ai , i=1,N    Leliak, 1961
Ci, i=1,3  - permanent
Ci, i=4,9  - induced
Ci, i=10,18  - induced EM
Ci, i=19,?  - gradients, heading effects, em noise

ai = fi (cosX,cosY,cosZ) or B0 gi (cosX,cosY,cosZ)
B0 hi [ d/dt (cosX,cosY,cosZ) ]

where cos( .. ) are direction cosines 
of the aircraft s axes wrt to B0 traditionally from fluxgate data

- find ci at altitude in a uniform field 
and apply corrections to survey data
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Compensation of AeroMagnetic Noises

Issues  and Objectives

History clouded 
military,exploration

Adequacy of assumed mathematical system 
number of terms, synthetic models

Solution techniques
Sensor, Gradient effects

box data
Effects of non-uniform fields gradients, anomalies
GPS attitude

fluxgate data not actually used to determine orientation
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Compensation of AeroMagnetic Noises

Issues  and Objectives - 1
Adequacy of assumed mathematical system 

number of terms, synthetic models, filters

Raw mag

Compensated - Gaussian high-pass

Compensated - no high-pass

6nT

.1nT

.05nT
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Compensation of AeroMagnetic Noises

Issues  and Objectives - 1

PetRos EiKon

Adequacy of assumed mathematical system 
number of terms, synthetic models, filters

Even for induced and permanent system not complete

High-pass introduces noise and DC shift

For synthetic data solvers equivalent
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Compensation of AeroMagnetic Noises

Issues  and Objectives -2

Solution techniques

AC = Y ,  nxm,   n=18,   m>>18
1. Ridge Regression               2. Singular Value Decomposition

3. Conjugate Gradient            4. Symmetric Inverse

raw

13 SVD

16 SVD
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Compensation of AeroMagnetic Noises

Issues  and Objectives - 3

Aircraft attitude and Filtering
or Filter the Data or Filter the Operator

-for synthetic data results are equivalent
- Gaussian high-pass best we found

Red curve: 5th term before filtration
Blue curve: 5th term after filtration - .2Hz cutoff

5th term
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Compensation of AeroMagnetic Noises

Issues  and Objectives - 3

Aircraft attitude and Filtering
or Filter the Data or Filter the Operator

Real Data
- Highpass of data easier to understand but not always the best

Red curve: measured total field (nT)
Green curve: results by filtering data
Blue curve: results by filtering operator
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Compensation of AeroMagneticNoises

Issues  and Objectives -4

Sensor, Heading and Gradients Effects


