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n Track finding
Ø Hough transform
Ø Neural network
Ø Track following(track model, track seed, hit selection criterion)
…

n Track fitting
Ø Least squares estimation
Ø Maximum likelihood estimation
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n Relatively easily deal with inhomogeneous magnetic field(crucial 
requirement now!), multiple scattering,  and energy loss;

n Carry out track finding and track fitting simultaneously;
n The computation time is proportional to site number, which 

makes computation expense less.

The motivation of using Kalman filter for TPC tracking:

Kalman filter
Invented by R.E. kalman in 1960, and 
introduced in the HEP community in 1980’s. 

Track reconstruction usually includes two parts:
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x:       state vectorφ:     transfer matrix       
z:       measurement
H:      projection matrix
K : gain matrix
P/Q:  covariance of w/v

UpdatePrediction

System equation:

Meas. equation:

δχ2 is reasonable, accept this 
hitδ χ2 is big, abandon this hit

ØKalman filter accumulates hit information 

and calculates the track parameters;

ØKalman filter prediction provides a good 

criterion for hit selection.
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state vector

2D straight track

transfer matrix

projection matrix

transfer matrix

state vector

Ø Despite of different track model, 

the track following method is nearly 

the same for straight line and helix.

Ø For helix model, the Kalman filter 

is not linear, it is usually called as 

extended Kalman filter.
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See KalTest reference by K. Fujii

dρ:   the distance beteen the helix and the hit in x-y planeφ0:   the azimuthal angle of the hit with respect to the helix centerκ:     Q/Ptdz:    the distance between the helix and the hit in the z directiontanλ: the angle of the helix to the x-y plane



n KalTest is a Kalman filter package written in C++. It provides basic 
libraries for track fitting with Kalman filter technique.

n KalTest contains 3 subpackages:

Ø Kallib:  implements the generic algorithm of the Kalman filter

Ø KalTrackLib:  inherits from the generic base classes in KalLib, 

and implements their pure virtual methods for track fitting

Ø GeomLib:  provides track model and detector surfaces

n To get KalTest package and more information about helix track 

model, please visit KalTest homepage:
http://www-jlc.kek.jp/subg/offl/kaltest/
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reconstruction .xml
<marlin>
<execute>
<processor name="MyConditionsProcessor"/>
<processor name="MyTrackerRawDataToDataConverterProcessor"/>
<processor name="MyPulseFinderProcessor"/>
<processor name="MyChannelMapperProcessor"/>
<processor name="MyRowBasedHitFinderProcessor"/>
<processor name=“MyTrackMakingKalmanFilterProcessor"/>
<processor name="MyLCIOOutputProcessor"/>

</execute>    

…

TPC RawData

ChannelMapper TPC Pulses

TrackerRawDataToDataConverter

Hits

TPC Data

PulseFinder

RowBasedHitFinder
TrackMakingKalmanFilter

Tracks
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Track criteria
MaxSkipRows = 1
MinTrackHits = 5

Begin Get and sort hits

Get a seed hit

Find a track?

Is there hit?

End
Save track & 
remove hits

Remove seed

YES

NO

YES

NO
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If Process Oriented à Object Oriented,  
the whole work will be distributed to different 
objects,  making the code flexible.

x

Y
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TrackMakingKalmanFilterProcessor

string                        _InputTrackerHitsCollectionName;
string                        _outputTracksCollectionName;
int _minTrackHits;
int _maxSkipRows;
int _trackType;
map<int,int>*            _moduleorder;
TPCParameters*      _tpcparameters;
LCCollectionVec*     _tpcTracksCollection;

TPCHitMap*             _hitmap;
AttKalTrack*            _theKalTrackPtr;

void init();
void processEvent();
void end();

marlin::Processor

AttKalTrack
virtual GetNumberOfHits()
virtual RemoveHits();

virtual FindTrack()
virtual SearchHit()
virtual SearchTrack()=0;
virtual Reset()=0;
virtual Create()=0;

virtual AddAndFilter()=0;
virtual GetType ()=0;
virtual GetDeltaChi2()=0;

SetMapAndParameter();

TPCHitDomain
SetDomain()
SkipDomain()

SetRange() 
GetModule() 
GetRow()  
GetRangeOfRow()

TPCHitMap
FillEventHits ( )
RemoveHits ()
Clear ()

empty ()
GetHitsInDomain()
GetFirstHit ()
GetHitPosition ()
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Tracking algorithm 

Hit management
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StraightKalTrack
(K.F. is implemented inside)

HeliKalTrack

TrackMakingKalmanFilterProceesor

AttKalTrack
virtual GetNumberOfHits()
virtual RemoveHits();

virtual FindTrack()
virtual SearchHit()
virtual SearchTrack()=0;
virtual Reset()=0;
virtual Create()=0;

virtual AddAndFilter()=0;
virtual GetType ()=0;
virtual GetDeltaChi2()=0;

SetMapAndParameter();

TKalTrack
EXKalTPCDetector
EXTPCHits
EXTPCMeasLayer KalTest
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Then, the code in the processor becomes very neat:
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This is an configuration file  of TrackMakingKalmanFilterProcessor:
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Single module 
Pad Width:     0.8mm
Pad height:     3.8mm
Pad Pitch:       1mm
Row Height:   4mm
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Reconstructed

Slope Intercept

0.0502 -9.9354

0.0008 -0.0010

-0.0997 10.0189

Real

Slope Intercept

0.05 -10.00

0.00 0.00

-0.01 10.00

<PadRowLayout2D 

type="RectangularPadRowLayout" 
xMin="-32." xMax="32." yMin="-48.">
<row repeat="24" nPad="64" padHeight="3.8" 

padWidth="0.8" rowHeight="4." />

</PadRowLayout2D>

Hit position error: 0.2mm
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Noise hits are added into…

30 hits 40 hits

60 hits50 hits
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<modules moduleIDStartCount="0">
<default>

<PadRowLayout2D    type="RectangularPadRowLayout" 
xMin="-32." xMax="32." yMin="-48.">
<row repeat="24" nPad="64" padHeight="3.8" 
padWidth="0.8" rowHeight="4." />

</PadRowLayout2D>
</default>

<module>
<offset x_r="36." y_phi="-52." />

</module>

<module>
<offset x_r="-36." y_phi="-52." />

</module>

<module>
<offset x_r="-36." y_phi=“52." />

</module>

<module>
<offset x_r="36." y_phi=“52." />

</module>
</modules>
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The main problem is how to cross boundaries 
and transfer modules. This work is done by 
TPCHitDomain. 

64mm

96
m

m

8mm

4 modules
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ØThe result for straight line tracking is proper. ☺
ØFramework for multi-module tracking also works. ☺
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ØTrack finding result for helix is reasonable .☺
ØBut at present, the fitting result seems to be dependent on 
the track seed L, which need to be improved.



� Kalman filter based processor has been developed in MarlinTPC;

� Processor was used to reconstruct  straight line and helix with toy 
MC data;

� Multi-module framework of processor has been setup.

� Check and improve the helix track reconstruction result;

� Implement multi-module helix reconstruction code, and  apply it to 
test beam data;

� In the long run, we can feed  back to MarlinReco.
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