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Real-time data compression for data acquisition

applied to the ITER radial neutron camera
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Real-time data compression for data acquisition systems
applied to the ITER Radial Neutron Camera
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Introduction

+ To schieve te am of the (TER Racial Neutron Camsra Disgrostic, the daa acquisiion
protatype. musi ba complant wilh a sustained 2 MHz peak svoni for sach channal wih 126
samples of 16 bs per event, The dala is acquired snd processed using 3n IPFN FPGA
Mazzaning Gard (FMC-AD2-1600) with Z digiizes channels of 12-5it resouton sampling up to
16 /s In tha host PC.

* The scquired data in the event-bissed dats-path is streamed 1o the host through the PChe xB
Direct Memery Access (DMA) and the maximum data throughput per channel is ~0.5 GBis of
raw data (avont bass, ~1 GBls par digitizer and up ko ~ 1.6 GB/s in continuous made,

The prototype Srchitechure comprisss one host PC with two KCT0S modulss and four
channels, praducing up to ~2 GBis in event made and up 1o ~3.2 GBI in continuous mode.
* Roal-fime data campress|en 1o reduce data throughpul from the host to ITER databases was.
evalustad using the LZ4 lossless Igorithn, which provides apead
up o 400 MBis per core.

» This contrbulion prasants the architoaturo, implamentation and tost af the pasallel roal-time
data comprassion System ruAning in multipia |solsted CPU cores, The avarage space seving
and the perfermance results for long pulse acquisiions u o 30 minutes, using diferent dota
biack sizes and diffarent number of CPUS, are also presentod

System Architecture

= The Host Computar runs Scientific Linux 7 as.
Oparating System will kermel 3.10-1 and LZ4
version 1.7.5
+ InleR® Core"™ i7-5830KE3.50 GHz (12 cares)
+ 256 GB SSD and 64 GB of RAM

e + To test the compression branch maximum

F—r————— partommance, n the pressnted tests,
compression application is firectly connected

o o to the device driver.
E + The devies driver implements e intemal

circudar buffer 1o siore temporally the data

ransfarred from tha nardwsre, unil 8 is read

LT U from the consumer applicaions.
o .  The shared memary layer is only used when
[ron—" several cients nasd the Gata  5ama tima,

= Introducing tha  shared mamory layer, the
compression performance must ot be
"
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threads runs in (solatod coras.

* The mastor thread reacs the data from L

dewca driver, packs It in data blocks

Wi configuratie  dasta  size  and

distributes it sorass the confiqurated

Aumber of warker threads. . . 1
* Each block is tagged with an id, T T i
* The id is used to store the compressed - -

data in the Aight Rosition of & SNAEA | Compreesed Dais Memcry | Dota Archive

worker threads

« The worker thraads can stera the compressed data in a memary buffer ar deliver it thraugh
tha netwrk drectly 10 tha data archiver.

= Thie minimum number of Readed cores per acquisition rate (with no data (o35 is presentad in
tha lable beiow,

= The davice driver and ie master thread IMEISMEnt 1gorithms o chack the data loss

= The input signal was 8 puise type signal (gamma distributien) from & wavelorm gensrator with
using a 10 MB blcck size dusng
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= The figuras below prasent tha CPU and memory usage during 3 runs of 10 seconds duration
wilh 1024 MEVs of data acquisition rate. The |61 snapshol presenls the siste of e system during
‘an aeguisiion Trom ane board end the right from two boards simultanenusly (512 Mers psr b,

= The chart in the fignt presents the relation between Space Saving and pulse wigth
using ene and twe ADCS.

= The tabia below presents the test of different data ik bl

Dlock sizes wih Same MpUL SGNEI AN CORfigUIaons
{1 Channel, Puise Willh 128, Data Rate 512 MBis)

Conclusions

= The presented architecture is scalable and adjustabie. The number of werkes threads can be
‘Gonfigures 1o comply with different akgorithms and data Shroughput
= Thie strass tast shows & stabls solution during 60 minutss scquisitions wih acquisition rates
& 1.5 GB/s, using & worker treads in parallel
 The systeen was also tested in Fedors Linwe 27, kermel 4.16 wilh Similsr resuts,
= Hwas idontified a relation between space saing and putse width
= The data block size did net improve the space savng, hawaver the standard devalion of the
‘compression spesd duing 1he pulse s rechucsd
» To compress 1 GBis fram one boord, & minimum of § cores is needed {1 maser and 4 werksr
threads)
= Based en the (ests with indivicusl boerds:
= The system needs 14 cores i compress 1 GB/s from twa boards in resktme (2 cores for
‘oparaing sysiom, 2 soros for the davice diver, 2 Gares for mastar thread and 8 coras for o
worke threads).
= The preiiminary tasts with two bosris simultansously showed a performance decreasing in the
minienm nurber of CPUS IWilh S12 MB's of data rale acquistion e system needs 3 cores,
instead of 2 with a single board). Tests with two hardware modules scquiing simultanscusly are
‘schodulod 10 3 fuluro lask,
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Results

* Stable solution
* 60 minutes at 1.5 GB/s
* 6 worker threads in parallel.

Space Saving ~ 35%

Conclusions

* Two boards simultaneously

* 14 cores to compress 2 GB/s



