
Plans & prototyping for 
data acquisition and real-time processing.

Rare Pion Decay Workshop
Oct. 6-8, 2022

Tim Gorringe, tim.gorringe@uky.edu



Outline

● challenges,  rates, compression, ...

● proposed hardware & software 

● prototyping test-stand & activities

● compression techniques, results

● future development, purchases



Trigger, data rates

DAQ will provide 3.5 GB/s readout of ATAR, calorimeter, tracker and 
other detector sub-systems over PCI-e

DAQ will provide real-time processing for event building and > 10-fold 
compression for data storage on PSI’s Petabyte archive

DAQ will provide run control / configuration over PCI-e / IPbus for 
operations w/ full record of config. metadata 

DAQ requirements 

arXiv:2203.01981



16 cores
5.2 GHz

4.5 TF 32-bit FP
16 Gb memory
1.44 GHz clock
1280 cores

Intel i9

Nvidia A2 PCI-e 4.0

Â 16 GT/s 
x2, x4, x8, or x16 PCIe slots

Data acquisition / real-time processing technologies
- leverage commercial technologies

PCI-e fiber links



Schematic showing  frontend layer for data readout / compression,  backend layer for 
event assembly / data storage, and the analysis layer for online monitoring

Parallel, layered CPU / GPU network
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MIDAS data acquisition framework

package of modules for run control, expt.. configuration, data readout, 

event building, data storage, slow control, alarm systems, 



Uky test-stand
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development activities include

● pci-e  communication prototyping

● lossless / lossy compression prototyping

● system component rate testing 



 Signal conditioning
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 Lossless compression

● Huffman encoding - assign variable-length codes to input 
words w/ codebook

● Golomb encoding - assign variable-length codes to input 
words w/ quotient + remainder

Data compression

“Potential of fast delta encoding for higher compression ratio”, H. Tan et al, 2020 IEEE International Conference on Cluster Computing

“Data Compression in the NEXT-100 Data Acquisition System” R. Bosch et al, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9318325/

“Lossy and lossless data compression of data from high energy physics experiments”, C Patauner, CERN-thesis 2011-211.pdf

“TPC data compression”, J Berger, Nuclear Instruments and Methods in Physics Research A 489 (2002) 406–421 

“High-Performance Lossless Compression Algorithm for Digitized Analog Signals”, D Mathews, C Crawford,

“Data compression in zero suppressed high energy physics data”, H Beker, M. Schindler, 

Bibliography of real-time compression in particle, nuclear, medical

https://www.ncbi.nlm.nih.gov/


GPU / CPU compression scheme
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* tunable parameter M divides words into quotient (unary coded), remainder (binary coded)
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Golomb compression ratio of linear fit residuals
assigns variable-length codes to input words using quotient + remainder of division by m
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of wavedeam data
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● ‘batched’ compression of triggers to optimize rate

● single GPU/CPU w/ PCI-e v2 is x16 too slow

● but (i) pci v2.0 → v4.0 (ii)  reducing 1024 samples 
x 1024 chans, (iii) multiple frontends

 



● established UKy test stand

● UKy graduate student joined daq development  

● started compression studies

● planning purchase of pci-e over fiber + GPU/CPUs 

Summary
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