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The O
oty R

adio Telescope
•Cylindrical	
  parabola	
  (530m

x30m
)

Been	
  in	
  opera7on	
  since	
  the	
  early	
  1970s	
  

M
ounted	
  on	
  N

-­‐S	
  slope	
  w
ith	
  slope~ l

Cylinder	
  axis	
  is	
  parallel	
  to	
  earths	
  rota7on	
  axis
(“Equitorial	
  m

ount”)
M

echanical	
  steering	
  along	
  E-­‐W
	
  Electrical	
  steering	
  to	
  point	
  in	
  N

-­‐S

O
perates	
  at	
  a	
  frequency	
  of	
  	
  330	
  M

H
z	
  

M
ainly	
  used	
  for	
  space	
  w

eather	
  studies	
  of	
  the	
  inner
heliosphere
A

lso	
  recently	
  being	
  used	
  for	
  pulsar	
  studies.



The O
oty W

ide Field A
rray (O

W
FA

)


O

R
T is being upgraded to becom

e a
m

odern versatile telescope


R

F signal is digitized in the field


D
igital signal is transported  to receiver room

via  optical fiber


Tw

o sets of digitized output are available


40 el interferom
eter 

 [P
hase I, FO

V
 300’ x 115’]


264 el interferom

eter
  [P

hase II, FO
V

 1795’ x 115’]


The system

 is designed so that 


the legacy system
s functioning is unaffected

by the upgrade.


P
hase II system

 can w
ork in parallel w

ith
P

hase I system


W
hen installation is com

plete, A
nalog,

P
hase I and P

hase II (O
W

FA
) could all be

sim
ultaneously available.



N
etw

orked S
ignal P

rocessing S
ystem

(N
S

P
S

)

•
O

W
FA

 receiver has 264 nodes (“antennas”)

•
N

ew
 A

rchitecture (N
S

P
S

) developed for this
•

treats this as a m
ulti-sensor data fusion

problem

•
R

eceiver consists of a “custom
” (FP

G
A

)
segm

ent and a “com
m

odity” (H
P

C
) segm

ent

•
C

ustom
 segm

ent “fuses” the data so that
each H

P
C

 node gets one tim
e-slice from

 all
elem

ents
•

S
oftw

are correlator deals w
ith an

em
barrassingly parallel problem

P
rasad &

 S
ubrahm

anya E
xp. A

st. (2011)



O
W

F
A

 S
IG

N
A

L
 F

L
O

W

CUSTOM

C
O

TS●
R

F is digitised at the field (12 channel A
D

C
 per m

odule)
●

P
acketised data is sent via optical fiber to “P

ooler cards”.  
●

D
ata is organized into  250m

s w
ide tim

e slices
●

“B
ridge” cards send out the data via 1 G

 ethernet links
●

E
ach H

P
C

 node gets 250 m
s w

orth of data from
 all 264 elem

ents 
●

V
ia 11 x 1 G

B
 ethernet links



 
 

O
W

FA
 C

orrelator

●
C

orrelator is designed as a
264 elem

ent 800 channel,
~40 M

H
z B

W
 FX

 correlator

 
●

S
peced to run on an 8 node

H
P

C
–

E
ach node has 2x18 core

H
asw

ell + 1X
eon P

hi 3120
add on card

●
F engine runs on the host,
w

hile the X
 runs on the

X
eon-P

hi card



O
W

FA
 S

pecifications



H
I at z ~ 3 w

ith the O
W

FA

Ideally suited for m
easurem

ent of the H
I pow

er
spectrum

  at z ~ 3

–
Lot of baselines at  the angular scales w

here the signal is
strong

•
D

ense sam
pling of the central part of the u-v plane

–
E

quitorial m
ount m

eans that one is m
easuring the sam

e sky
Fourier com

ponent at all tim
es (i.e. coherent integration)

–
M

assive redundancy allow
s for excellent calibration.



N
on linear redundancy calibration


Traditional redundancy calibration
algorithm

s are linear
–

R
equire large m

atrix operations
–

B
iased unless the S

N
R

 is high
(N

oordam
 &

 de B
ruyn, 1982; W

ieringa 1991, 1992)


M

odified m
atrix based m

ethods rem
ove the

bias
–

B
ut are still expensive ~ N

4

( Liu et al., 2010 )


S

tudy in detail a non-linear algorithm
–

U
nbiased

–
O

ptim
al (achieves the C

ram
er-R

ao
bound)

–
Fast N

2 instead of N
4


S

hould allow
 us to calibrate in near real

tim
e

–
U

seful for space w
eather, searches for

FR
B

s...

M
arthi &

 C
hengalur M

N
R

A
S

, 437, 534, (2014)



 
 

D
etecting correlated H

I em
ission from

 large
scale structures

●
The brightness of correlated part of
the post-reionisation H

I intensity
fluctuations is relatively bright
●

C
om

pared to the therm
al noise

●
In a series of papers B

hardw
aj and

collaborators com
puted expected

signal strength for the G
M

R
T

●
B

haradw
aj, N

ath &
 S

ethi JA
A

 22, 21 (2001),
B

haradw
aj &

 S
ethi JA

A
, 22 293 (2001)

●
P

roposed m
easuring the correlated H

I
signal directly from

 the visibilities
●

A
voids dealing w

ith the non-
linearities produced during
deconvolution

●
B

haradw
aj &

 S
ethi JA

A
, 22 293 (2001)



 
 

M
easuring em

ission pow
er spectra

using an Interferom
eter

D
ickey &

 C
rovisier A

&
A

 122 282 (1983)

B
egum

, C
hengalur &

 B
haradw

aj, 
M

N
R

A
S

 372, 33 (2006)

●
The square of the visibility directly
m

easures the em
ission pow

er
spectrum
–

The visibility square includes the
system

 noise
–

S
uitable only for situations w

here
the S

N
R

 is large
–

e.g. G
alactic H

I em
ission

●
A

t low
 S

N
R

 w
e can use a m

odified
estim

ator
–

C
orrelate a given visibility w

ith
“nearby” visibilities

–
“nearby” w

ithin one antenna diam
eter



 
 

C
haracterising the estim

ator
●

S
im

ulations show
 that the

estim
ator accurately recovers

the input pow
er spectrum

●
H

as been used in a w
ide

range of studies
–

P
ow

er spectrum
 of

●
 H

I absorption in our
galaxy, 

●
H

I em
ission in external

galaxies,
●

Foregrounds for the H
I

signal....

C
how

dhury et al. M
N

R
A

S
 445, 4351 (2014)

R
oy et al.  M

N
R

A
S

 404, L45 (2010)
D

utta et al. M
N

R
A

S
 398, 887 (2007)

G
hosh et al. M

N
R

A
S

 411, 2426 (2011)



3.2 G
pc

0.2   G
pc   

0.34 G
pc

O
W

FA
 

Z=3.35



P
aram

etrization of the H
I P

ow
er

S
pectrum

Zafar et al, 2013

B
agla et al.,2010



M
easuring the Pow

er Spectrum
Am

plitude
Prior

A
H
I /ΔA

H
I

SN
R

  =

S
arkar et al (2015)



M
easuring the binned P

ow
er S

pectrum
S

arkar, A
. et al., (2015)

1000 hr

B
A

O



	
  	
  

P
redicted FR

B
 event rates

●
A

rray is m
assively redundant

●
O

nly 264 unique baselines
●

A
llow

s for very efficient post
correlation beam

 form
ing

●
B

eam
 form

ing on candidate
events 
●

 confirm
 events

●
 do rough localisation



 
 

C
urrent Instrum

ent S
tatus

●
A

ll of the R
F am

plifiers have been installed

–
A

nd running stably for quite som
e tim

e
●

A
ll fibres betw

een the field and receiver
room

 laid and tested

–
H

ardw
are and link for transport of

reference clock and 1pps installed and
tested

●
A

ll custom
 hardw

are cards are ready

–
A

ssem
bly of one sub rack (½

 the
telescope) done and being tested

●
C

ode for the critical parts of the correlator
(X

engine) w
ritten and tim

ed
●

Final H
P

C
 system

 (X
eon P

hi based) is
installed.

●
E

xpect to be taking sky data by the m
iddle

of next year.



Thank you for your attention



R
esults: SN

R
 plots



O
W

FA
 S

tage 1 am
plifier 

B
LO

C
K

 D
iagram



 
 

R
elation betw

een the tw
o visibility correlation and the pow

er 
spectrum

 

A
li, S

.S
. et. al. , 2008 , M

N
R

A
S

, 385, 2166 

M
easured

Q
uantity of Interest (M

A
P

S
)

Relation between Two Visibility
 correlation (V

2 ) &
 M

APS 



O
R

T Legacy
B

eam
 Form

er

Consists	
  of	
  22	
  m
odules	
  

Each	
  m
odule	
  is	
  23m

	
  x	
  30m
	
  in	
  size

Feed	
  consists	
  of	
  a	
  linear	
  dipole	
  array
Each	
  m

odule	
  has	
  48	
  dipoles
Each	
  dipole	
  has	
  an	
  independent
am

plifier	
  and	
  phase	
  shiV
er

The	
  dipole	
  signals	
  are	
  com
bined

together	
  hierarchically	
  to	
  create	
  the
final	
  output	
  signal


