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The non-linearity in tracking

α
● One example of non-linearity: the dependence of the intersected local 

position on the track direction is non-linear when α>>0
● Other non-linearity happens during: cartesian coordinate ↔ 

polar/cylindrical/perigee coordinate etc. 

Impact on the Kalman filtering 

See details here

https://indico.cern.ch/event/1038556/
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The idea of Unscented Kalman Filter (UKF)
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KF for non-linearity system
Idea: Jacobian→ Parameters evaluation at sigma points

See ref

https://www.cs.unc.edu/~welch/kalman/media/pdf/Julier1997_SPIE_KF.pdf
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The implementation in ACTS

Get the transformed parameters for 
the sampled parameters 



6

Test with Telescope detector with disc surface

No material
Zero B filed

Eta=2.0

hitSmearingCfg.sigmaLoc0 = 25_um;
hitSmearingCfg.sigmaLoc1 = 0.1_rad ;
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Fitted perigee params with disc telescope
No non-linearity correction



8

Fitted perigee params with disc telescope
With non-linearity correction
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Test with generic detector No material
Zero B filed

Eta=2.0
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Bound Parameters at volume8-layer2
No non-linearity correction
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Bound Parameters at volume8-layer4
No non-linearity correction
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Bound Parameters at volume8-layer6
No non-linearity correction
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Bound Parameters at all surfaces
No non-linearity correction
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Fitted perigee parameters
No non-linearity correction
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Bound Parameters at volume8-layer2
With non-linearity correction
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Bound Parameters at volume8-layer4
With non-linearity correction
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Bound Parameters at volume8-layer6
With non-linearity correction
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Bound Parameters at all surfaces
With non-linearity correction
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Fitted perigee parameters
With non-linearity correction
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Next-to-do

● Test with material effects and magnetic field

● Test lots of material + very good measurement precision

● The non-linearity becomes comparable to the measurement error and non-negligible

● Track parameters error decreases more rapidly than its actual error

● Already observed issue with BGV detector

● Time test 
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