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uGMRT
Plan 
! The GMRT upgrade or the uGMRT - 

 (complement several other observatories 
  a testbed to demonstrate wide band, 

wide field-of-view imaging); 
! current status of uGMRT; 

! towards a working uGMRT; 
! test studies using uGMRT - 

! understanding data quality, 
! fidelity of new wide-band backend, and 
! challenges in data reduction and analysis; 

! (imaging) results for several targets 
! (commissioning data) 

! continuum surveys
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The existing GMRT: An overview
!30 dishes, 45 m diameter each 

!12 dishes in a inner 1 km2 region (central square) and 
!remaining along 3 arms of Y-shaped array 

!baselines : ~100 m ~30 km 
!Frequency range: 

!130-170 MHz 
!225-245 MHz 
!300-360 MHz 
!580-660 MHz 
!1000-1450 MHz 
(max instantaneous BW = 32 MHz) 

!Aeff (2-3% of SKA): 
!30,000 m2 at  lower frequencies 
!20,000 m2 at  highest frequencies 

!Supports 2 modes of operation: 
!Interferometry, aperture synthesis 
!Array mode (incoherent & coherent)
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GMRT: usage statistics
!Users/Community, since Oct 4, 2001 
!GMRT sees users from all over the 

world 
!(users) Indian:Foreign = 45:55 

! The GMRT has been  typically 
oversubscribed by a factor of 2 or 
more

Credits: Reena S. (GTAC)



GMRT: Scientific objectives 
!Solar system objects 
!Pulsars: rapidly rotating NSs 
!Transients 

!Ex. SNRs, GRBs, etc. 
!centre of the Galaxy 
!Molecular gas, and HI 
!Galaxies 

!normal / active galaxies 
!Clusters / Groups of galaxies 
!Deep-fields / EoR 
!All-sky survey 

AND many more interesting new results
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uGMRT is a major upgrade of the GMRT 
The fundamental goal is to improve 

major observational capabilities of the 
original GMRT (bandwidth, sensitivity). 

This is a leveraged project - built upon existing 
infrastructure of the GMRT. 
The project is scheduled to be completed by the 
end of 2017.

 The upgraded GMRT: 
ongoing upgrade and status

Generation-Next: The upgraded GMRT
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Generation-Next: The upgraded GMRT
!A major upgrade is underway at the GMRT, 

!with focus on (nearly) seamless frequency coverage 
!from ~30 MHz to 1500 MHz, 

!design of completely new ‘feeds’ and ‘receiver’ system with 
octave bandwidths 

!Improved G/Tsys, 
!i.e., use of better tech. receivers and reduced Tsys 

!Increased instantaneous bandwidth to 400 MHz 
!from present 32 MHz using new digital ‘backend’ receiver 

!Revamp Servo-system (brushless drives, new servo computer) 
!Modern and more versatile ‘control and monitor’ system 
!Matching improvements in off-line computing facilities and 

other infrastructure 
!Improvements in mechanical, electrical, … 
Without compromising availability of “existing GMRT” to users!
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uGMRT: the receiver system
!Old vs. upgrade
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!1000 – 1450 MHz (updating L-band) 
!550 – 900 MHz   (replacing 610) 
!250 – 500 MHz   (replacing 325) 
!120 – 250 MHz   (replacing 150) 

!Modified optical fibre system to 
cater to wideband (50 to 2000 
MHz) dual pol RF signals (while 
allowing existing IF signals) 

!Analog back-end system 
translates RF signals to     
0-400 MHz baseband 

!Digital back-end system process 
400 MHz BW for 

!interferometric and 
!beam modes

!Broad-band feeds + FE (in octaves):
uGMRT: the receiver system



uGMRT: (wideband) feeds
!Cone-dipole design 

!250-500 MHz 
!550-900 MHz 

!Dual-ring feed 
!120-250 MHz 

Credits: frontend team (H. Rao)
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!Here, we have gone with the existing broadband L-band feed: 
! ~ 900 to 1450 MHz 

(usable from ~1000 MHz upwards due to mobile phone RFI) 
!Improved LNA (higher dynamic range) + better filters for 

rejecting RFI 
!30 antenna system completed, more than 1 yr ago; refinements 

of filters are planned in 2nd phase 
!Sufficient sets of spares 
This system is FULLY READY!

uGMRT: L-band (Band 5)

Performance of L-band 
system is monitored 
regularly by the FE 
team to keep the 
system in good health 
 – we need to watch out 
for growing RFI! 
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uGMRT: 250-500 MHz band (Band 3)
!Replaces existing 325 MHz system 
!Broad-band (250-500 MHz) feed with 

good E-H pattern match 
!Upgraded wideband FE system with new 

LNA: improved Tsys (22 K vs 36 K) & 
improved dynamic range 

!Completed on all 30 antennas! 
!Sufficient sets of spares 
This system is also FULLY READY!

Credits: frontend team



!Replaces existing 235/610 system 
!Front-End system split into two parts : 

!Polariser + LNA is right next to feed 
(to minimise the loss) 

!Rest of the FE electronics is in the 
regular box 

!Now installed on 19 antennas and growing…
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uGMRT: 550-900 MHz band (Band 4)



uGMRT: 120-250 MHz band (Band 2)
!Replaces existing 150 MHz system 
!Broad-band feed for 120-250 MHz in final 

acceptance phase, installed on 9 antennas 
!Sensitivity: 

- at 150 MHz, better than existing; 
- at 235 MHz comparable!
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!Configuration of feeds, receivers and their current status: 
!Band 5 (1000 – 1450 MHz):  existing wideband feed + 

improved  dynamic range Rx with appropriate RFI filters 
-  completed on 30 antennas! 

!Band 3 (250 – 500 MHz): cone-dipole feed + receiver  is 
well into mass production & installation - completed on 30 
antennas! 

!Band 4 (550 – 900 MHz): cone-dipole feed  with matching 
receiver  system finalized and now in mass production 
phase - 19 antennas completed. 

!Band 2 (120 – 250 MHz): modified Kildal (dual) ring feed + 
modified electronics in last stages of validation – 
populated on 9 antennas. 

!Band 1 (50 – 80 MHz): on hold at present. 

Summary (uGMRT): (wideband) systems

Performance of several systems are monitored on a regular basis 
by respective teams - to keep the system in good health – next, 
we need to watch out for the growing RFI! 



!Completed 
installation for  
all 30 antennas 
in September 
2015 and 
working well. 
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uGMRT: optical fibre systems



uGMRT: analog backend
!Phase-I 30-antenna system installation completed.
!Peripheral units under installation as part of phase-II. 

Credits: backend team



uGMRT: digital backend

Antenna 32 
(400 MHz 

2 pols)

ADC 
(2channels)

FPGA 
(packetizer)

CPU + GPU  
(correlator)

Switch 
(40 Gbe)

Antenna 1 
(400 MHz 

2 pols)

ADC       
(2channels)

 FPGA  
(packetizer)

CPU + GPU 
(correlator)

Antenna 2 
(400 MHz 

2 pols)

ADC 
(2channels)

FPGA 
(packetizer)

CPU + GPU  
(correlator)

Data Acquisition 
and Control

CPU + GPU  
(correlator)

CPU + GPU  
(correlator)

CPU + GPU 
(correlator)

32 stations, 400 MHz BW,  16-32 K channels, 
Full Stokes correlator + beamformer + pulsar Rx.



uGMRT: (now GWB IV)
!BW: 400 MHz, upto 16K channels 
!tint: 0.67 sec 
!IA/PA Beamformer 
!Upgrade to 32 stations (January 2017)
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uGMRT: Mechanical improvements
!A major upgrade 
!Antenna surface 
!BLDC 
!Mechanical 

!HLP, gearbox, etc. 
!M-&-C system 
!Servo control computer 
!Electrical system 

!(RFI friendly) UPS 
!Workshop machinery 
! …
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uGMRT

 The upgraded GMRT: 
 expected amount of improvement
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uGMRT vs. GMRT: frequency coverage

Credits: Ruta Kale

!Fractional bandwidth 
!old and new



uGMRT: Expected performance
!Spectral lines : 

broadband coverage 
will give significant  
increase in the 
redshift space for HI 
lines + access to other 
lines 

!Continuum imaging 
sensitivity will improve 
by factor of 3 or so. 

!Sensitivity for pulsar 
observations will also 
improve by factor of 3. 

!Only SKA-I will do 
better then uGMRT at 
10s of cm-wavelengths

Expected sensitivity performance of the uGMRT and …

Credits: N. Kanekar



uGMRT: Expected performance

Expected sensitivity performance of the uGMRT and …

Credits: R. Braun



uGMRT

 The upgraded GMRT: 
a working instrument!
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uGMRT: Wideband
" Larger bandwidth 

" better sensitivity 
" 32 MHz -> 200 MHz => 2.5 times increase in 

sensitivity 
" Increased (u,v) coverage 

" lower side-lobe levels of psf => better 
dynamic range 

" Information of spectral structure of the 
source.
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uGMRT: (u,v) coverage



uGMRT: Challenges

Wide field imaging, DD-calibration, A-projection 
Primary beam and MS-MFS,and several of these can 
only be done in CASA.

Credits: B. Sebastian



uGMRT: 3C129

Credits: Biny Sebastian (DVL)

!200 MHz bandwidth 
!80 microJy rms 
!~3 hr on-source tint 
!14 antennas 

!calibration in AIPS 
!imaging in CASA (ms-mfs, 

w-projection)



uGMRT: 3C129
! z = 0.021 
! uGMRT verification science



uGMRT

 U-GMRT 300-500 MHz legacy GMRT 325 MHz

16 antennas 
2048 channels 

200 MHz bandwidth 
6 x 20 min 

rms ~0.9 mJy/beam 
beam 6.5 arcsec

A85 (Relics / … / dead radio plasma) 
(demo science: Ishwara-Chandra C.H. and D.V. Lal) 

" z = 0.055 



uGMRT: Image fidelity
! Abell 85 (relic / … / dead radio plasma) 
! z = 0.055

Ishwara-Chandra + DVL



uGMRT

 The upgraded GMRT: 
a working instrument! 

spectral-line 
pulsars 
…
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uGMRT: radio frequency interference
External sources of RFI



uGMRT: radio frequency interference
!Real-time filter running on BB voltage data of each antenna  
!panels show effect of this filtering, 

!in beamformer time series (top) and 
!in visibility domain data (bottom-two!)

Credits: Kaushal Buch



!Real-time prediction of positions of known satellites 
!both stationary and moving… 

!Real-time warning when observing antenna beam comes within 
zone of avoidance (decided by beam-width and strength of 
signal from satellite)

uGMRT: Avoiding RFI from satellites

!Predictive warning: 
can work on your 
submitted 
observing file 

!Post-facto 
warning: can work 
on your recorded 
data file

Credits: K. Buch / Santaji Katore



uGMRT

 The upgraded GMRT: 
Continuum surveys 

…
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legacy GMRT: continuum surveys (TGSS)
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! TGSS 
(talks by Jess / Natasha)
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! TGSS 
(talks by Jess / Natasha)

legacy GMRT: continuum surveys (TGSS)
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! TGSS and 
! GMRT archival survey project 

 (reaching out to larger user base) 
 (H. Intema, Ishwara-Chandra CH & Y. Wadadekar) 

! New SPAM pipeline to process all legacy continuum obs. 
! AIM: to deliver (near-) science-ready data products to the 

astronomical community 
! data products will be linked to observations regular 

GMRT archive interface

legacy GMRT: continuum (archive project)



uGMRT: continuum surveys

 400MUGS: 
400 MHz uGMRT survey 

(PI: Francesco de Gasperin) 
…
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uGMRT: continuum surveys (400MUGS)
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! Observing strategy: 
! 5 min per pointing 

! in 3 epochs, each of 100 sec 
! 40k pointings (in phase I & II) 
! 300-500 MHz (band-3) 
! 7” angular resolution 
! 0.3 mJy/beam 
! sky coverage - 40% (phase I) and 90% (phase I & II) 
! wrt WENSS 

! 10 x better rms noise 
! 10 x better angular resolution! 

! Complementary data: 
! Lofar LBA sky survey (LoL-SS) 42-66 MHz



uGMRT: continuum surveys (400MUGS)
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! Science cases: 
! AGN accretion modes => galaxy evolution 
! unbiased selection of 10s of 1000s of LLAGN 
! morphological studies 

(including X-shaped, DD, HYMORs, …) 
! AGN (radio-band SEDs) 
! radio-FIR relation 
! fast transients (n*, brown dwarfs,…) 
! high-z radio galaxies 
! cosmology: 

!clustering, …



uGMRT: continuum surveys (400MUGS)
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! 400MUGS vs. …:



uGMRT: continuum surveys (400MUGS)
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! 400MUGS vs. …:



uGMRT: continuum surveys (400MUGS)
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! Status: 
! GAMA12 
! COSMOS 
! Galactic plane 
! Hydra A 

! 5 hr DDT time (end of Nov 2017) 
! 52 hrs (Feb 2017)



uGMRT: continuum surveys (400MUGS)
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! Status: 
! GAMA12 
! COSMOS 
! Galactic plane 
! Hydra A 

! 5 hr DDT time (end of 
Nov 2017) 

! 52 hrs (Feb 2017) 

! An ex. - 
! 60 pointings 
! 3 x 100 s per 

pointing! 
! some data has been 

processed



uGMRT: continuum surveys (GLASS)

 uGMRT-GLASS:  
(GAMA legacy ATCA southern survey) 
 (PI: Minh Huynh - ATCA-GAMA) 

! band-3 (250-500 MHz) 
! 0.015 mJy/beam (thermal) 
! ~50 sq. deg. (observations during next month) 

!Science goals 
! life cycle of RL AGN 
! CSS/GPS/GRGs 
! AGN galaxy environment 
! RQ AGN 
! Faint radio source population 
! thermal/non-thermal fraction in SF gal.
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uGMRT: continuum surveys

 E-CDFS: 
uGMRT-MIGHTEE survey  
(PI: Russ Taylor) 
… (talk by Bradley Frank)
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uGMRT: continuum surveys (E-CDFS)
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! Observing strategy: 
! total intensity + full polarisation 
! 30 hr per pointing 

! 3 pointings 
! 550-850 MHz (band-4) 
! 4” angular resolution 
! 0.005 mJy/beam 

! (a factor of 2 off from thermal noise!) 
! Complementary data: 

! 1.75 - 2.75 GHz (~5.5 sq. deg.) 
! 0.6 - 1.6 GHz (all 20 sq. deg.)



uGMRT: continuum surveys (E-CDFS)

SPARCS VII (ICRAR, Perth), 18 July 2017

! Science goals: 
! star formation history of the universe 
! faint AGNs 
! nature of steep spectrum objects 
! cosmic magnetic field 
! … 

!Technical challenges: 
! (thermal) noise limited images 
! high dynamic range imaging 
! joint deconvolution of uGMRT and MeerKAT data 
! ionosphere calibration 
! …
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Tracking space probe with the uGMRT
uGMRT: some fun stuff!

!Ground support for 
ExoMars mission of ESA 

!GMRT + NASA 
collaboration  

!Faithfully tracked ESA’s 
Schiaparelli Lander module: 
~ 3 W signal @401 MHz 
from Mars! 

!ExoMars / Schiaparelli / 
EDM 

!Entry, Decent, Landing 
Detection at GMRT, 
India (2016/10/19)



!Releases in multiple phases: 
!First release of 8 antenna trial system – way back in 

September 2013. 
!Release of 16 antenna system for internal users –  

September 2015. 
!Release of 16 antenna system for all users - April 2016. 

!Now available:  Release of 30 antenna system with 2 bands 
fully functional: 

!Band 5 (1000 to 1450 MHz) and Band 3 (250-500 MHz) - 
October-November 2016 (GTAC cycle 31) onwards. 

!Future plans - release of fully upgraded GMRT: 
!30 antenna configuration with all 4 bands fully 

functional - targeted for 2017 end 
!And monitor & control system as a SKA prototype 

Please stay tuned!

uGMRT is available for users
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uGMRT
Summary 
! The GMRT upgrade or the uGMRT - 

 (complement several other observatories 
  a testbed to demonstrate wide band, 

wide field-of-view imaging); 
! current status of uGMRT; 

! towards a working uGMRT; 
! test studies using uGMRT - 

! understanding data quality, 
! fidelity of new wide-band backend, and 
! (imaging) results for several targets. 

uGMRT is a much improved instrument over the 
existing GMRT.


