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ATCA System
or
PC-based System
(Decision in June)
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ATCA System
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3 platforms supported
ML403 (Virtex-4 FX12)
ML405 (Virtex-4 FX20)
CN (Virtex-4 FX60)
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Outline

Most important: ROI (region-of-interest)

1. ROI finder by SVD data
4 hits per tracklet

� Hough transform
� maybe with pre-step conformal map
� ADAPTIVE, fast Hough transform (Claudio Heller) 

because avoids peak finder and speed-up factor >=100

2. RAM access („FPGA shared memory“)
test bench for receiving ROI from HLT

3. ROI selector, data filter 
(i.e. cut on data inside ROI)



Algorithm on PXDDAQ #1:
ROI SVD-only
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Claudio Heller Algorithm
for SVD -only ROI Selection

Total # of 
sectors and „wedges“
for Hough transform
520
(parallisable!)
● 40 straight (for high pT)
● 8 x 60 curved (for low pT)
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David Münchow (Ph. D. student, Giessen)
Implementation of Panda track finder algorithm
conformal map + Hough transform
on Virtex-4 FX12 (ML403 board)
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D. Münchow
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D. Münchow

Fast Hough Transform:
= two tasks at same time:
1. adaptive iterative Hough transform („zooming“)
2. peak finder
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D. Münchow
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FPGA Algorithm Timing results
� Read data + conformal transformation

360 ns per 1 hit

� Hough transform → Fast Hough transform
2520 ns → 20 ns per 1 hit
(64 cells parallel)

� Fast Hough transform requires hit sorting
sorting algorithm was implemented
unclocked (!)
sorting is included in 20 ns

� Comparison between PC and FPGA:
scaled to 800 x 800 
(instead of 128 x 128 for fast Hough, 5 steps) 
2nd z Hough transform
max. 512 hits, 10 muon mit 2 GeV (~300 hits)
2.5 x 103

� large factor because of parallelization

� Hough space in ϑ is parallized (but r serial)
� per step 64 cells parallel (in fast Hough transform)
� divider is not parallized yet
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Why „conformal map “ pre -step?

tested and works very well for high track density

Au+Au collision at √s=200 GeV
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STAR „HLT“
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track extrapolation

„ROI“
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p=1.599 GeV/c
Kaon

Extrapolated L3 track
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Laser Events for TPC Drift Velocity
Track Finder works for straight tracks!

Curvature = ∞∞∞∞
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Conformal Map Track Finder and Track Fitter

� finding a straight line is always easier 
than finding a helix (circle)

� works for high occupancy

� works for secondary vertices

� works even for straight tracks (e.g. cosmics)
� Code:

� stand-alone C/C++ version
� version in PandaRoot

(Oleg Rogachevsky, Mohammad Al-Turany, S.L.)

� with genfit (Kalman filter) post-step
(Christian Höppner, Sebastian Neubert, Lia Lavezzi)
because genfit needs a pre-ordered chain of hits,
i.e. it needs a pre-track finder

� VHDL version (i.e. lookup tables)
(David Münchow)



DDR2 RAM Access:
Shared Memory Concept
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„Shared Memory “

� FPGA ip core (SVD-only ROI)
write ROI

� FPGA ip core (receive ROI from HLT)
write ROI

� FPGA ip core (receive PXD data by optical link)
write data

� ROI selector
read unfiltered data
read ROI
write filtered data

� …

� addresses to e.g. 30 kB blocks (fixed block size)
(although variable event size, but otherwise too complicated) 

� addresses exchanged by registers
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STACK principle



Björn Spruck
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Algorithm on PXDDAQ #2:
ROI selector (data filter)



Belle-II PXD&HLT Workshop, MPI München, 21-23.02.2011 30Lange, Münchow, Spruck (Gießen) | PXD DAQ Algorithms

Event Example, 1 Half-Module

1024 x 256 space
(reality: 768 x 250, but address space 
needs to be bit aligned anyway, 
-> 10 bit x 8 bit)

3% occupancy

9 ROIs
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ROI code is 
NOT clocked
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Stability Test

<=10 random ROIs, variable number of ROI, variable ROI size 
random data, 3% occupancy 
ML403 board: 3 days, >11 x 10^6 events
ATCA CN: >4.5 x 10^6 events
output data re-checked on PowerPC side 



The location for the PXD DAQ Workshop
June 9 and 10, 2011

was fixed

Arrangement will be signed in the next few days.
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http://de.wikipedia.org/wiki/Burg_Münzenberg
http://www.burghotelmuenzenberg.de/

arrangement incl.
- dinner outside in the „Biergarten“
- guided tour to the ruine
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Mentioned in Documents since 1162. 
This drawing by Merian dated 1620.

optional:
June 11+12
ruine festival
(„renaissance fair“) 
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Münzenberg


