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Tianlai Electronic chain overview (1)
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Tianlai Electronic chain overview (2)
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Main data processing levels

✤ Level 1 : Data acquisition and on-line processing 
➠ raw science data (wave form or  visibilities …)

✤ Level 2 : cleaning, calibration
➠ calibrated, cleaned / flagged science data (visibilities)

✤ Level 3.a : map making 
➠ visibilities to 3D sky maps (data cubes) 

✤ Level 3.b : component separation (foreground removal) 
power spectrum computation …

✤ Level 4 : from level 3 data to science products 
R. Ansari - May 2013



Level 1 software 

✤ Instrument & hardware configuration and control
✤ Data acquisition: (a) raw data (wave form), (b) FFT data, (c) visibility data to disk 
✤ Acquisition and storage of auxiliary data (housekeeping) data : telescope configuration, 

weather, temperatures, …
✤ Suggested main communication channel between hardware & software: ethernet 

(TCP / UDP) and data exchanged in form of packets
✤ On-line processing : some RFI cleaning, data flagging, visibility computation with fine 

time sampling (<~ 0.1 s) 
✤ If possible, some on-line monitoring information 
✤ Should be flexible enough to adapt to different hardware configuration (CPU, GPU …)
✤ Performance & efficiency & robustness is crucial 
✤ Output data written in a well supported format, suggested format: FITS

R. Ansari - May 2013



Software requirements

✤ An important component to ensure efficient collaboration 
✤ Would be helpful to use a common base layer  (library and associated tools) for 

developing the acquisition and key components of the data analysis software  
✤ Required qualities: robustness, efficiency and reliability Efficiency, reliatibility, the 

question of maintenance & evolution should be addressed
✤ Acquisition software should handle different observation modes (electronic calibration 

& tests, sky source calibration, normal observation mode …)
✤ Data storage format & scheme, should cover all the experiment needs (Science Data, 

Housekeeping data) - should ensure easy exchange of the processed data 
✤ Ensure an efficient implementation of the computing intensive part ( visibility 

computation, sky map reconstruction … ) 
✤ Should be flexible enough to adapt to different hardware configuration (CPU, GPU …)
✤ Leave enough freedom to scientists for high level data analysis 

R. Ansari - May 2013



Data flow & data rates …
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1. Sampling : (NFeed) × (BandWidth x 2)

2. FFT : In Data Rate = Out data Rate = (NFeed) × (BandWidth x 2)    [ x 4  →float] 

3. Transpose (grouped in M frequency bands)
✤ In Data Rate = (NFeed) × (BandWidth x 2)    [ x 4  →float]

✤ Out Data Rate = M × (NFeed) × (BandWidth x 2 / M)    [ x 4  →float]

4. Visibility computation (NFeed^2 /2=NVis)

✤ In Data Rate = M × (NFeed) × (BandWidth x 2 / M)  [ x 4  →float]

✤ Out Data Rate = M × (NFeed^2 /2) × (BandWidth x 2 / M) / 10^5  [ x 4  →float]

Data flow

10^5 : assuming 0.1 s time sampling and ~10 000 freq. bins ( ~ 10 kHz resolution) 
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A B C
NFeed

BandWidth
1⇢2⇢3

M
3/M➟

NVis
@4 TFlops 

4➟ / M

32 256 1024

100 MHz 200 MHz 400 MHz

6.4 GBytes/sec 100 GBytes/sec 800 GBytes/sec

8 64 256

0.8 GBytes/sec 1.6 GBytes/sec 3.2 GBytes/sec

528 32896 526336

~ 1 ~ 100 ~ 3200

5 MBytes/sec 50 MBytes/sec 400 MBytes/sec

CPU & bandwidth requirements

Easy … Challenging … ??
R. Ansari - May 2013



Level 1 & 2 data rates for A: 
32 feeds = 16 x 2 polar, 100 MHz, M=8 
❖ Level 1 output data rate  
✤ ~ 5 MBytes/s for each frequency sub-bands 
✤ ~ 40 MBytes/s total 
✤ ~500 GBytes / day  for each sub-band
✤ ~4 TBytes / day in total 
✤ ~ 1500 TBytes / year for the raw science data 
✤ may be reduced by a factor 10-50 by further processing & binning in 

time (1-5 seconds) →  ≤ 100 TB / year   
❖ Level 2 output data rate  
✤ ≲ 100 TBytes / year ( ~ 10 TB / month) for cleaned science 

data  
R. Ansari - May 2013



BAORadio TAcq software

An object oriented C++ framework 
for the high level acquisition / 
processing software for Tianlai

Can be used as a basis for Level 1 
& Level 2 pipelines 



✤ Multi-thread programs / object oriented (C++) architecture
✤ FITS files (+ directory structure) for data storage (raw data/Fourier 

coefficient/Visibilities/spectra)
✤ BRPaquet hardware / software data exchange unit
✤ RAcqMemZoneMgr  (memory manager) insure thread synchronisation/

coordination 
✤ Thread objects (ZThread) perform differents tasks
✤ Uses the SOPHYA  C++ class library 

BAORadio Acquisition/Processing 
software

http://www.sophya.org

R. Ansari - May 2013

http://www.sophya.org
http://www.sophya.org


HDR TRL… Data …

BRPaquet

• HDR/TRL: Data description, HW Time Tag, paquet length …
• Data : Raw or FFT coefficients, one or multiple channels
• HDR+TRL = 40 Bytes, Paquet length (variable)

HDR : 
• Packet length    • DataDesc 
• TimeTag  • FrameCounter

HDR TRLC1: f1 … f32 C2 : f1 … f32

HDR TRLC3: f1 … f32 C4 : f1 … f32

HDR TRLC1: f1… f16 C2: f1… f16 C3: f1… f16 C4: f1… f16

HDR TRLC1: f17- f32 C2: f17- f32 C3: f17- f32 C4: f17- f32

+

R. Ansari - May 2013



FITS format & data files 

✤ Output files uses directory structures + FITS format 
✤ Raw data (time samples), FFT data and visibility matrices written in 

FITS format
✤ BRPaquet complete structure written to FITS files for raw/fft data 

dumps
✤ FITS headers used to add auxiliary informations, such time 

time&date, start-end timetag, pointing/source identification … 
✤ Visibility matrices written also in FITS format 

http://heasarc.gsfc.nasa.gov/fitsio/

FITS header

R. Ansari - May 2013
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Some of the TAcq classes

✤ Class BRPaquet & BRPaqChecker
✤ Class RAcqMemZoneMgr (Multi fiber / link managed memory zone)
✤ Thread (task) classes  (ZThread)  ( see next slide)
✤ Class MiniFITSFile 

http://bao.lal.in2p3.fr/TAcq/
http://www.sophya.org

R. Ansari - May 2013
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Thread (Task) classes 

•PCIEMultiReader  (PCI-Express DMA to memory)
•PCIEToEthernet  (PCI-Express DMA to ethernet )
•MultiDataSaver  (Writes packet data to disk (FITS format))
•EthernetReader  (Read packet from ethernet to memory)
•BRMultiFitsReader  (Multi fiber fits reader, align in time) 
•BRVisibilityCalculator  (Computes visibilities)
•BRFFTCalculator  (perform FFT on raw data)
•MonitorProc(s)  (Monitoring during processing)

R. Ansari - May 2013



A TAcq example …



P11 P12 P13 P14 …

P21 P22 P23 …

P31 P32 …

RAcqMemZoneMgr

T1 -ReadEternet

↔ ↔
BRVisibilityCalculator

↔
ZThread

Threads : EthernetReader, 
VisiCalc, Monitoring …↔

T3 - Monitoring

↔DMA-Task↔PCIExpress Ethernet

Task: PCIExpress ➠ 
Ethernet

Acquisition/visibility 
computation(mfacq) 



Flexible CPU or GPU correlator 

BRVisibilityCalculator can easily be 
adapted to perform the heavy 

calculation on GPU …



BRVisibilityCalculator code has > 800 lines
less than 20-50 lines has to be executed on GPU …


