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GMR  Giant MagnetoResistance
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Linear RegionBiasing Field

Unipolar Field Response of GMR
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Weighted Summing Experiment

50 Hz 100 Hz 150 Hz



Decoupled current signalsCross-coupled field signals

Weighted Summing Waveforms
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Disturbance Field Decoupling 
(DFD) Experiment
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Field Decoupling Without DFD
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Zero Order DFD
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1st Order DFD
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2nd Order DFD
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Polynomial Constants
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2-D DFD Simulation
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Current Errors without 2-D DFD
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Zero Order 2-D DFD
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1st Order 2-D DFD
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2nd Order 2-D DFD
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3rd Order 2-D DFD
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4th Order 2-D DFD
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Bias Field Decoupling Simulation
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Temperature Dependence 
of Permanent Magnets



Bias Field Decoupling with DFD

A11 A12

A21 A22

A31 A32

A41 A42

A51 A52

A61 A62

A71 A72

1 x0 x0
2 x0

3 x0
4

1 x1 x1
2 x1

3 x1
4

1 x2 x2
2 x2

3 x2
4

1 x3 x3
2 x3

3 x3
4

1 x4 x4
2 x4

3 x4
4

1 x5 x5
2 x5

3 x5
4

1 x6 x6
2 x6

3 x6
4

4.61

5.86      

6.33     

6.26     

6.33     

5.86     

4.61

F1

F2

F3

F4

F5

F6

F7

I1

I2

a0

a1

a2

a3

a4

T

=

Polynomial Disturbance 
Field Estimate

Cross-
Coupling

Bias Magnet 
Coupling

Position [mm]

F
il
e
d

 I
n

te
n

s
it

y
 [

O
e
]

Total bias field

Bias field is treated as a disturbance



A11 A12

A21 A22

A31 A32

A41 A42

A51 A52

A61 A62

A71 A72

4.61      

5.86      

6.33     

6.26     

6.33     

5.86     

4.61

F1

F2

F3

F4

F5

F6

F7

=

Polynomial Disturbance 
Field Estimate

Cross-
Coupling

Bias Magnet 
Coupling

4.02      

4.84      

4.46    

3.13     

1.87     

1.02     

0.59

0.59 

1.02      

1.87     

3.13     

4.46     

4.84     

4.02

1 x0 x0
2 x0

3

1 x1 x1
2 x1

3

1 x2 x2
2 x2

3

1 x3 x3
2 x3

3

1 x4 x4
2 x4

3

1 x5 x5
2 x5

3

1 x6 x6
2 x6

3

I1

I2

T

a0

a1

a2

a3

T2

T1

Position [mm]

F
il
e
d

 I
n

te
n

s
it

y
 [

O
e
]

Total bias field

Magnet 1

Magnet 2

Bias Field Decoupling with DFD



Disturbance Rejection
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Magnet Temp. Estimation
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Conclusions

• Cross-coupled fields from neighboring conductors can be 
actively decoupled without using magnetic shielding.

• Unknown disturbance fields can also be decoupled using 
extra field detectors

• The order of DTD used depends on the magnitude of spatial 
field gradient anticipated in the net disturbance field.

• The temperature dependence of the biasing magnet(s) can 
be decoupled using DFD, without measuring the magnet’s 
temperature.

• DFD can be used to estimate the magnet temperature, 
effectively turning the magnet into a temperature sensor.


