
Motivation 
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How to perform pattern recognition in Monitored 
Drift Tube chambers in the case of high noise 
environment?  
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Legendre Transform (LT) of Convex Functions  

Calculate LT at a point x0: 



Legendre Transform 

The Legendre transformation is an application of 
the duality relationship between points and lines. 

The functional relationship specified by f(x) can 
be represented equally : 

•   as a set of (x, y) points,    or  
•   as a set of tangent lines specified by their 
slope and intercept values. 



Example: Legendre Transform of x2/2 

A parabola becomes a parabola! 
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Legendre Transform (LT) of a Circle (1)  

intercept slope 

Tangent line with 
 p slope & F(p) intercept 

a circle becomes a hyperbola! 



Legendre Transform (LT) of a Circle (2)  

Canonical form of a line: 
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f (x) LT← →⎯ F( p) =
r = x0 cosθ + y0 sinθ + R      

r = x0 cosθ + y0 sinθ − R      
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Legendre Transform (LT) of a Circle (3)  
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r = x0cosθ +y0sinθ ± R

LT 

in the limit of R  0 
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  r = x0cosθ + y0sinθ

RT 

we get the Radon/Hough Transform! 
extensively used in PET & pattern recognition  
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Legendre Transform for Tracking (1)  
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•  Το each circle corresponds a couple of sinograms in the Legendre Space. 
•  The point with the maximum intensity defines the common tangent of all circles.  

Legendre Space 

(r0,θ0) 
  r0 = xcosθ0 + ysinθ 0



Performance of Legendre Algorithm - Single Track Events 

tubes 
Track` 

single track events 
randomly  generated 
in θ & r. 

Monte Carlo Events  

residuals 

residuals 

noise hits 

single track events 
randomly  generated 
in θ & r with 100 µm 
smearing factor. 

With 100 µm smearing 



Performance of Legendre Algorithm - Multi Track Events 

with 50%  
noise level 

with 200%  
noise level 



Conclusions/Summary 

•  A new efficient fast tracking method using the Legendre transformation 
  of circles in conjunction with a χ2 test is developed. 

•  This method is successfully applied to a set of hits (circles) on a drift  
   chamber using Monte Carlo simulated data. 

•  In the limit of zero circle radii, the Legendre transform is reduced to the  
  Radon/Hough transform of a set of points providing us with an efficient  
  method of tracking as well. 


