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Track reconstruction and Kalman filter

Track reconstruction usually includes two parts:
= Track finding
> Hough transform
> Neural network
> Track following(track model, track seed, hit selection criterion)

- T'“EC" fitting—_____ Kalmlan filter
> I i Invented by R.E. kalman in 1960, and
> N\eg::rmsuqn:j(?:ﬂkezl iicring :lrr‘na - in’rr'oduced)lfn the HEP community in 1980's.

The motivation of using Kalman filter for TPC tracking:

m Relatively easilY deal with inhomogeneous magnetic field(crucia
requirement now!), multiple scattering, and energy loss;_

= Carry out track finding and track fitting simult

= The computation fime is proportional to si
makes computation expense less




Kalman filter algorithm for tracking

System equation:

X state vector Ox? is reasonable, accept this
¢@: transfer matrix hit °
Z. measurement o
Meas. equation: A [RElEEOR et ®
K gain matrix

P/Q: covariance of w/v

d X? is big, abandon this hit

> Kalman filter accumulates hit information

and calculates the track parameters;

»Kalman filter prediction providessgood

criterion for hit selections

y 2 020000003
T Y PR 7T 2 T T
— P =(1-K H P
I S W . AN S
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Track models

2D straight track

state vector

transfer matrix

projection matrix

> Despite of different track model,
the ftrack following method is nearly

the same for straight line and helix.

> For helix model, the Kalman filter
is not linear, it is usually called as

extended Kalman filter.

2010-3-30

Helix
T o +d,
Yo + d,
0 + lf-_

[ d_: the distance beteen the helix and the hit in x-y plane

p
@,: the azimuthal angle of the hit with respect to the helix center

K: Q/P,

d.: the distance between the helix and the hit in the z direction

7"

. tanA: the angle of the helix to the x-y plane

state vector

transfer_matrix

ECWS 10 4



KalTest

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

m KalTest contains 3 subpackages:

>

>

>

m To get KalTest package and more information about helix track

model, please visit KalTest homepage:



Reconstruction chain in MarlinTPC

reconstruction .xml

TPC RawData

<marlin>
<execute>
<processor name="MyConditionsProcessor"/>
<processor name="MyTrackerRawDataToDataConverterProcessor"/>
TrackerRawDataToDataConverter <processor name="MyPulseFinderProcessor"/>
<processor name="MyChannelMapperProcessor"/>
<processor name="MyRowBasedHitFinderProcessor"/>

<processor name="MyLCIOOutputProcessor"/>

TPC Data </execute>

PulseFinder ChannelMapper @
@ RowBasedHitFinder

2010 8 S0 LCWSI10 )



MaxSkipRows = 1
MinTrackHits =5

ek oo

Tracking process

N

/]

s

‘

Begin e ‘ Get and sort hits \
le

J YES

| Get a seed hit |

e
Find a track?
S —

e Iﬁ
. Removeseed |

| |

If Process Oriented - Ob
the whole work wull b




The class organization in processor
—I Hit management

Tracking algorithm

FillEventHits ()
RemoveHits ()
_ . Clear ()
virtual GetivumberOfHite() string _InputTrackerHitsCollectionName;
virtual RemoveHits(); string _outputTracksCollectionName; empty ()
int _minTrackHits; GetHitsInDomain()
virtual FindTrack() int _maxSkipRows; GetFirstHit ()
virtual SearchHit() int _trackType; GetHitPosition ()
virtual SearchTrack()=0; map<int,int>* _moduleorder;
virtual Reset()=0; TPCParameters* _tpcparameters;
virtual Create()=0; LCCollectionVec* _tpcTracksCollection;
virtual AddAndFilter()=0; TPCHitMap* _hitmap;
virtual GetType  ()=0; AttKalTrack* _theKalTrackPtr; e
virtual GetDeltaChi2()=0; SkipDomainy
void init();
SetMapAndParameter(); void processEvent(); SelRangay
void end(); GetModule()
i GetRow()
—— GetRangeOfRow()
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Track classes

TrackMakingKalmanFilterProceesor

virtual GetNumberOfHits()
virtual RemoveHits();

StraightKalTrack

HeliKalTrack

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

virtual Create()=0;

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

SetMapAndParameter();
]

KalTest
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Implementation in the processor

Then, the code in the processor becomes very neat:

TrackMakingKalmanFilterProcessor: :init ()

const TPCParameters™ tpocparameters =& Global: :GEAR->getTPCParameters () ;
_moduleorder= map{iﬂ+,in+>;

_hitmap= TPCHitMap (tpcparameters, _InputTrackerHitsCollectionName, _moduleorder)
_theKalTrackPtr = StraightKalTrack:
_theRKalTrackPtr->SetMapAndParameter (_tpcparameters, _hitmap) ;

volid TrackMakingKalmanFilterProcessor: :processEvent (LCEvent *evt)

{
tpoeTracksCollection = LCCollectionVeco (LCIO: : TRACK) ;

_hitmap->FillEventHits (evt);
{!_hitmap-rempty ())
{ TrackImpl* atrack=_theKalTrackPtr->FindTrack (_hitmap->GetFirstHit ()) )
_tpcTracksCollection->addElement (atrack) :

(int tracknum = _tchracksCollection—>getNumberOfElementsEJ]
evt—>addCollection( _tpcTracksCollection, outputTracksCollectionMName ) ;

vold TrackMakingKalmanFilterProcessor::end ()

{
_theKalTrackPtr;

_hitnap:;

cout << "End of TrackMakingKalmanFilterProcessor"” << endl;
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Configuration of processor

This is an configuration file of TrackMakingKalmanFilterProcessor:

Zprocezzor nane="MyTrackMakingEKalmanFilterProcezssor™ type="TrackMakingEalmanFilterProcess
<!--For zimple track finding and fitting by Kalwan filter!-->-
<! —-Name of the Input TrackerHitz collection---
Zparameter nane="InputTrackerHitz" type="string™ lciolnType="TrackerHit"> TPCHit
--MName of the output Trar collection-->-
Tparameter namne="0utputTracks" type="string”™ lciolutType="Track™> TPCTracks <.
<! =-Maximum number of subsequnetly miszing hits [(default: 1)-->
rameter hame="Ma: pRows"™ type="int"™ walue="1
--Minimum number of hits on track
Zparameter namne="MinTrackHits" type=""1

=]

/param

<!-—if not 0 the output hits collection iz set transient [(default: 0)-->
- name="JetlutputHits Tldnulﬁnf" type="int" walue="0"/>
. 0 the output trackscollection iz set transi 'je'-'u]_t: 0)--=
arameter name=": EUHrpurTlnrkL1nd1dnt:"TL:n:1Hnr" type="int" walue="0"/>-

i=H]

<!--Track type (default: 1 H—btldluhf line l=helix)-->
arameter name="TrackType™ type="int"™ walues=

2010-3-30 LCWS10
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Straight line reconstruction

<PadRowLayout2D

type="RectangularPadRowLayout"

xMin="-32." xMax="32." yMin="-48.">

<row repeat="24" nPad="64" padHeight="3.8"
padWidth="0.8" rowHeight="4." />

</PadRowLayout2D>

Single module

Pad Width:  0.8mm
Pad height:  3.8mm
Pad Pitch: Imm
Row Height: 4mm

Hit position error: 0.2mm

Intercept

-10.00
0.00
10.00
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Intercept
-9.9354
-0.0010
10.0189

12



Straight line reconstruction(Cont.)

Noise hits are added into...

TPCTracks(with noise)

40 40

30 30
20 20
10

0

-10

40

40

30 30

20

20

10

0
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Multi-module

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=*562." />
</module>

<module>
<offset x r="36." y phi="52." />
</module>
</modules>

and transfer modules. Thi
4 modules TPCHitDomain.
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Multi-module result
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Multi-module result(cont.)

» The result for straight line tracking is proper&
»Framework for multi-module tracking.aisé works. ©
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Helix result

» Track finding result for helix is reasonable .©
»But at present, the fitting result seems to be dependent on
the track seed ®, which need to be improved.

2010-3-30 LCWS10
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Summary and plan

® 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 resulft;

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

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




S for your attentio




