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ABSTRACT

In GMRT, an incoherent Beamformer is implemented-BiGA platform, plays a vital role in
observing a pulsar with higher sensitivity to ge¢ fpulsar profile. The design uses the packetized
correlator design of F-X Engine for 4 Antennae aratks at bandwidth of 400 MHz on ROACH
Boards. Offline processing of data from the Paaketibeamformer design successfully handles only
one polarization at an instant. So, this can besidened as a limitation of the previous work. As a
part of GMRT backend up gradation system, the giathis project is to upgrade the offline
processing chain. This work briefly describes thgid to process both polarization and to do offline
long term integrate up to the n number of cycledctwhwould be provided by the user while
compiling. The testing of the scripts is done withise. Results are also attached with this report t
ensure that Beamformer design is functioning prgpe&rith both polarization and long term
integration is being done on it.
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Introduction: GMRT is the world’s largest array of Radio Telese®mt metewavelength and it is
operated by National Centre of Radio Astrophysacgart of Tata Institute of Fundamental Reses
Currently, GMRT consists of 30fully steerable telgses based onSMART’ (Stretch Mesh
Attached to Rope Trusse€Spncept, each of 4teters in diameter spread up to 25km. Each Ant
contains 4Feeds and operates on 5 Frequency Baamdsed as 153, 233, 327, 610 and 1420MH:
these provides Dual Polarizatic output. The positions of Antenna are as shown gnré below
GMRT can at as an interferometer which uses a technique knasvaperture synthesis to mi
images of radio sources. To provide searr
coverage from 100 MHz to 1600 MHz, upgr:
in Digital baclend Electronics must require w
an upgrade in mechanical and servontrol
systems. Two possible solutions to the bacl
upgrade are currently being develop— one
based on multiple FPGA boards, second on (
cluster.

Currently, the GMRT is undergoing an upgre
As a part of upgrade, the GMRT plans to incre
the bandvdth of GMRT from pesent value of 32
MHz to about 80 MHz and also plans to upgre
the digital backend from GSB (GMRT Softwz:
Backend) to FPGA and GPU based back
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o Description about Previous Work: Digital
The GMRT anay as viewed flom space. I the jarge scale piciuse e Individual . . .
anennas are oo small fo b e, Instead thalf IocaTions dre NaKcaTed Dy M- backend main Iy deals with s|gna| processof
bols. In he Diow up aof the cenfral EJuUmE Nowsever, he INcvIoUdl anfennas can .
18 86N, AGUTS gENGITTed by PRI LN and PremkLmar data received from Telescopes, used

interferometer and beamforming moc¢ The
digital signal is processed through FX CorrelatoX:(FFT followed by Multiplier) to generate crc
amplitude and phase information between each paiseline) among th30 antennas to give tl
visibility information. This data is used in imagincontinuum and many other astronom
observations.

As a part of Digital backend up gradation proceB<GMRT, An incoherent Packetize
Beamformer was designed during June to 2013.In Radio astronomy,eAmforming is a techniqt
which is used to get the pulsar profile. It carobtwo types such as, Incoherent Beamforming M
and Coherent Beamforming Mode. Tincoherent Beamformer adds voltage signals fromedifft
antennaend computes the basic self term of voltage sicof the two polarizations. Thincoherent
Beamformer for 4 antennae and 2 orthogonal poldoizs is implemented on a multiple ROA-
boards (FPGA platform) and tested with proper pudsarce
For the Design, CASPER based FPGA is usec
shown in fig:

The QGentre for _Astronomy _&jnal Processing and
Electronics _Rsearch (CASPER) is a glol
collaboration dedicated to streamlining ¢
simplifying the design flow of radio astronor
instrumentation bypromoting design reuse throu
the development of platforimdependent, open-
source hardware and software. The CASPER
flow is Dbetter known as the MSSC
(Matlab/Simulirk/System  Generator/EDK/ISE)
Bee XPS tool flow.

Packetized Beamformer Specificdons:

e Number of antennas: 4
e Polarization: Both polarizatic



Number of spectral channels: 512

Number of F engines: 4

Number of X-engines: 8

Number of spectral channels per X-engine:64
Networks used: 1Gbps, XAUI link and 10Gb Ethernet
Clock Frequency: 800 MHz

Bandwidth : 400 MHz

Base integration time: 0.163 milliseconds

Data rate from 1 X-engine: 27.19 Mbps

Data rate from 8 X-engines: 223.2 Mbps

4 Antenna Packetized Beamformer Design 4 antenna packetized Beamformer uses four F-
engines and 8 X-engines. Below Figure shows thetimm performed by an F-engine and
also shows after which stage the signal for beamifgg is taped.
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Figure: Functions performed by an F-engine

Note: For detailed working of the above design, Refetht® report developed by Pranjali
Chumbhale and Shreya Shetty.

Adding different features to the offline processingchain: My motive of the project is divided into
two main parts as follows:

1. To provide the integration

2. To process both polarizations simultaneously.



Part 1: Adding Long Term Integration

In previouswork, the script does not process multiple timengts. So, to get mre clear profile of
PULSAR, we need tadd the multiple time stam. Hence, integration isecessary. We can i
integrationat any one stage from the following two stz (refer SOP):

1. Before interleaving of the packets, i.e. after safian of 8 packets which are capturec
gulp. But in this case, channels are not arrangeal sSequential nnner because the pack
are arriving from different -enginesSo, we need to do integration of all 8 packets thed
interleaving should be dot

2. We can also do the integration after the interlegaf 8 files of different x engine. But at tl
stage, we need to integrate only one

In this work, integration is done after interleayiof all the files. Before integrati, the file will
contain all the channels at different time stamplasvn in fig below
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So, to add all channel 0, chann till channel 511 of different time stampegic is developed in the
scripts which arattached in the end of this report. Two File pami@e used, one is used to reac
file and 29 one is to write the addition in file. All the chagis are store in one array by reading fro
the input file i.e. the interleaved file. And thémey are added and stored sequentially in diffe
array and printed in an output file. This outpué ftontains the integrated channels which ca
plotted using GNU plot. fie program is designed such that it wik the user to enter the numbef
integration required for his observation. The pangris well tested on noise and outputs are
attached with this report.

Part 2: Processing PolO

Also, previous worksprocesse only one polarizatiori.e. pole 1. It is not processi the 2°
polarization after capturing into the gulp. S scripts are develope® process both polarizatior
One script is to print the botholarization in the 16 new files. Anithe othe two scripts are to
interleave 16 files into 2 different files i.e. ofile contains pole 0 anc™ file contains pole : And 4"
scriptis to add both the files whiccontain polarization 1 and polarization 2.



Syntax of the commands used for the compilation afcripts:
Till acquiring the data from Antenna/Noise sourgsame as in the previous project report.
1. Converting data from binary to ASCII

File name: for_pmon_pol0_poll.cthis script processes both the polarizations amergees 16 text
files received from different X-Engines.

Syntax to run the script:
.Ipolel2 <input file name.dat> <packet size> <scpfactor>
Example: ./polel2 example 554 4
2. Interleaving of both polarizations:

Interleaving of Polarization-Q: This scripts generates a single text file comiragrfrdifferent X-
engines.

File name:poll.c
Syntax to run the the script:
Jinterpoll > <outputfilename.txt>

Example: ./interpoll > polel.txt

File name:pol0.c
Syntax to run the the script:
Jinterpol0 > <outputfilename.txt>

Example: ./interpolO > pole0.txt

3. Integration of Cycles:
File name: intgeration.c: This scripts asks a number of cycles to be integratad the user.
Syntax to run the the script:

Note: this script is working only after head commhan
Jintgeration <input file name.txt> <outputfilenas¢>

Example: ./intgeration polel.txt intgpolel.txt

4. Addition of both polarizations:

File name:addp.c: This scripts adds the two files which contains pa&tion | and polarization Q



Syntax to run the the script:
Jadpolell-2 <input file name.txt> <input file hamx¢> <outputfilename.txt>

Example: ./adpolell-2 poleO.txt polel.txt addp@led

Snapshots of Results:
Before integration:
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After Integration:

Gnuplot (window id : O) (on corrdevel2.gmrt.ncra.tifr.res.in)
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Polel:
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Addition of Polel and PoleO:
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