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1 Introduction
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SparseRI: A Compressed Sensing Framework for Aperture Synthesis Imaging in Radio As-
tronomy

PPT - Deconvolution

Antennas & Receivers in Radio Astronomy

ADAPTIVE REAL TIME IMAGING SYNTHESIS TELESCOPES

Annular synthesis telescopes - A novel class of multiple beam telescopes operating at mm-
wavelengths

aperture synthesis

Antennas in Radio Astronomy

Synthesis of Wide Beam Array Patterns Using Quadratic-Phase Excitations

2 Original Paper:
Aperture Synthesis with a Non-Regular Distribution of
Interferometer Baselines [link]
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2.1 Abstract

In high-resolution radio interferometry it is often impossible for practical reasons to arrange for
the measured baselines to be regularly distributed. The standard Fourier inversion methods
may then produce maps which are seriously confused by the effects of the prominent and
extended sidelobe patterns of the corresponding synthesized beam. Some methods which
have been proposed for avoiding these difficulties are discussed. In particular, the procedure
CLEAN s described in some detail. This has been successfully applied to measurements taken
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with several different radio telescopes and appears to be the best method available at the time
of writing.
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2.2 Introduction

Aperture synthesis measurements are usually made at a set of interferometer spacings and
orientations that form a regular pattern in the baseline (,v) diagram. Such a regular coverage
has many practical advantages both in connection with the formal synthesis calculations and
the later astronomical interpretation of the synthesis map. However, there are occasions when
irregularities in the baseline coverage cannot be avoided. Interference or malfunctioning of
some part of the equipment can make it necessary to reject certain portions of the measure-
ments and this will leave gaps in an otherwise regularly covered u,v plane. The gaps give rise
to undesirable sidelobes in the synthesized beam, making the synthesis map difficult or im-
possible to interpret. Similar problems arise when the u,v plane has been covered by a coarse
grid of measurements as this will give rise to prominent grating responses in the synthesized
beam pattern.
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Need to know what are synthesized beam and synthesized map:

synthesized beam #LA#AT UV B & KA Visibility 89 T L KAF R 469 1§ 2vh3f
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It may, in certain cases, be impossible (or impractical) to arrange for the interferometer
measurementtho fall on a regular grid in the baseline (u,v) diagram. This is the case for



measurements taken with instrumernts such as the Caltech and Green Bank interferometers
and, in general, for measurements that involve large inter- ferometer spacings. Interferometers
can be operated over spacings up to the full diameter of the Earth and fram space vehicles
and one shall ultimately want to use such measurements in a systematic way to synthesize
very high-resolution maps of small diameter sources. Occultations of radio sources by the
Moon give rise to similar problems. A few occultations of the same source (or one occultation
measured at several observatories) will deliver a number of strip scans at a non-regular set of
position angles. These strip scans are equivalent to a u,v coverage along radii at these same
position angles.
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3 NARO slide, Radio Imaging and CLEAN

4 CLEAN Algorithm implementation

4.1 Qutline

1. UVE &
%X G ﬁ-ﬂiﬁ(% %F)[(Longitudel Latitudel),(R 22, dt#h)], & 354 @[(ul,vl sl) (u2,v2,52)]
KRR (B, 460K asARE) - Akt E (R4 8 Elj' )
«ﬁ" TREGE (FABESE) . MM E, RB\RAZLE, SHUVES ifc
A AR (A KA %42, kilolambda (% Radio Imaging and CLEAN) )
75#] KA AL, HFRRFZIAUVE S92 40 —
Telescope %
telescope.py:
class Telescope:
def __init__(self,poslist,directionlist):
self.poslist = poslist
self.directionlist = directionlist
def uvcoverage(self,dt,t0,t1,freq):
pass
return uvcover

def fake_uvcoverage():
return uvcover
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telel = Telescope(poslist,directionlist)
uvcover = telel.uvcoverage(dt,t0,t1,f)
telel.uvplot()

. Clean B 7% :

%
Cleaner X :

cl = Cleaner()

Bk

cl.dirty_map

cl.residual

cl.model_beam

cl.cleaned_map

cl.brightness (ZPABF 45 N 89746 5 7F B )

cluveover(uviz &)

7k
cl.dirty_map _plot(scale="1og”)
cl.dirty_beam_plot (scale="log”) (BER, HuvRAFe94F et B %)

cl.residual_plot(scale="log”)
cl.model_beam _plot(scale="log”)
cl.cleaned _map_plot(scale="log”)

%

XU B 6y &5 5 —Ae

cl.plot(whichimg, scale = "log” isuv=False (BRIAT A ZIM R E) save=False (K
AT HRAEBE) )

T ATk

cl.clean(dirty_map,itertime=100,gamma=0.1)

visibility = cl.gen_visibility (self self.brightness) (ZEPABF 4 X & 7F K B A4 5] 47T 1L
R

sampled_visibility = cl.samp_visibility (self,visibility,uvcovrage) (3B, MuvE & K
AW LEBBAR ENT LEAR)

dirty_map = cl.gen_dirty_map(self,samp_visibility) (MDA 2K, 5 Ix M 2 13 5] 69 52 0]
TRERAERBER) » ARBETEH clclean() HxHE LT

clsave visibility ()1 £ M T WA & # G, RRESMAR /B L, &
BRI EM T LRI, RS ZMFEASELT .



3.

4.2

-
var_config.py — B E &3k, RAERERG, AR F 5. H#Fimport # MK KA
ER Y

AL ] K,

simu_test.py # XK £42 5

from telescope import Telescope

from cleaner import Cleaner

import var_config

telel = Telescope(poslist)

uvcover = telel.uvcoverage(dt,t0,t1,f)
uvcover.plot()

Codes and Results

. telescope.py

R fake uveover() R EKF £ —MNEBREGUVE 5, & T HAT .
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2. utils.py

T EE KK plot TAERKS, FIAKE

BN — A~ Bk 69 A utils.py

A MR BURAE MK B 1R (dwlenna) 49 K FK A2 E] utils.py E @

A I E W B ARG et T 365 A B utils.py 2@
=T VAR X AT 8 89 dirty beam @ FT A & A #1456 % B 69 UV coverage — 4% :

FT of 3 sites dirty beam

FT of Gaussian dirty beam
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plt.imshow() — cmap = ’gray’
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Bl M T LR 3k, g #ATMF Lot THRAFBIAEAE dirty map :
RC = (512,512)

telel.fake_uvcover2(RC, 30):
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Fake u\{)coverage corresponding to a Gaussian dirty belag’\ o Gaussian dirty beam(after np.fft.ifftshift) Lenna img
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Fake u\{)coverage corresponding to a Gaussian dirty bela‘l)h Gauss\an dirty beam(after np.fft.ifftshift) Lenna img
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3. cleaner.py:
CLEAN algorithm steps
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4.3

polish codes
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http://avntraining.hartrao.ac.za/images/coordinate_systems_for_astronomy_1.pdf

Radia
Telescope

/ N
' e
y £
Hydrogen maser clock .
et @ i
1 million years)

Magnetic Tape

TAHE AR ESE REATFTRELEG .
3. 7T WE B1&% E & XA kilolamda

4.3.1 telescope.py
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1. & VLBI &3 0912 & £ 4%
VLBI Techniques
Very Long Baseline Interferometry (VLBI) overview
International VLBI Service for Geodesy and Astrometry - IVS components, IVS list, &
EENGHTURNLBHE(FERRPERT)
Very Long Baseline Interferometry
VLBI observations of GNSS-satellites: from scheduling to analysis

B0 24

g
%Eillmo'rig,Creﬁ(

LY
§

%‘Y ellowknife.

Katherine: - :
= et N e
Yarragadee, 7

f Network Station
% Former Network Station
@ Operation Center
@ correlator
[[] pata Center
Analysis Center -
W Technology Development Center - 1
.7 Coordinating Center :i"o"r“gglng

sheshan = (31.0943700000,121.1932500000)
L AREARTET, KB -
Astronomical Observatory Sites by Latitude and Longitude
Non-US Radio Astronomy Observatories
AEHFH . (GHRRLETHHESERILEZEP130)
AL 5 7T XL A B VLBI Reconstruction Dataset - A Dataset Designed to Train and
Test Very Long Baseline Interferometry Image Reconstruction Algorithms £ 89 ¥ & =
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https://www.astron.nl/eris2017/Documents/ERIS2017_L12_Campbell_no-anim.pdf
https://cddis.nasa.gov/Techniques/VLBI/VLBI_Overview.html
https://ivscc.gsfc.nasa.gov/about/org/components/index.html
https://ivscc.gsfc.nasa.gov/about/org/components/ns-list.html
https://ivscc.gsfc.nasa.gov/about/org/components/ns-list.html
https://www.ga.gov.au/scientific-topics/positioning-navigation/geodesy/geodetic-techniques/very-long-baseline-interferometry-vlbi
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5486937/
http://www.gpsspg.com/maps.htm
https://www.eso.org/~ndelmott/obs_sites.html
https://sites.nationalacademies.org/BPA/BPA_059561
http://vlbiimaging.csail.mit.edu/myData
http://vlbiimaging.csail.mit.edu/myData

EPNE

208 GBS s koA

T R G 5k 6 5 A East Longitude Latitude

X-Position Y-Position Z-Position

Step 3: Specify Telescope Array Add the telescope locations and intrinsic parameters
that you would like to use to simulate data

Initilization: Select a pre-loaded telescope

Name: Unique name for each telescope station (up to 12 characters)

East Longitude/Latitude: East longitude and latitude of the array center. For locations
less than 180 degrees west of Greenwich a minus sign should precede the longitude en-
try. (3T & Greenwich W 180F VAN &), K EMEA A i £

X /Y /Z Position: Absolute X, Y, Z coordinates of each station (in meters) relative to
the center of the Earth

Lower/Upper Elevation: Lower and upper elevation limits of the of the antenna in de-
grees

SEFD: System equivalent flux denisty of the antenna

Diameter: Antenna diameter in meters KA AAE, BRXRBOHLEK, ARHKGE
WIEKBA %V, £ B . VLBI imagingchallenge

Z )G B4 F 3 ehtimg ) KA

Coordinate Systems for Astronomy or: How to get your telescope to observe the right
object
Geodetic VLBI with an artificial radio source on the Moon: a simulation study

CRBRAGIHEAALE, K&, WM R, XHEE, XHFEERER, @H
UV & &84/

RAEKRLEEL . MITHUVE 4R

Step 4: Specify Date and Time Data is Collected Specify the time of when you would
like measurments to be taken, and the time interval between measurements.

Start Time: Specify the time of your first observation in Universal Time (UT). The
required format is "YYYY:ddd:hh:mm:ss” where YYYY is the year, ddd is the day
number (e.g., December 31 is day 365); hh is the UT hour, mm is the UT minute, and
ss is the UT second.

Scan Duration: The length of a continuous scan in seconds

Interval Length: The time in seconds between successive scans Number of Samples: The
number of successive scans of this type Google: how to generate UV coverage

Paper: OBSERVABILITY AND UV COVERAGE
I[sella_Radio_Interferometry_Basics_Caltech2012

create_uv_tool

L1_Jackson_Interferometry

UV mapping tips

github uv gen™
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http://vlbiimaging.csail.mit.edu/imagingchallenge
http://avntraining.hartrao.ac.za/images/coordinate_systems_for_astronomy_1.pdf
http://avntraining.hartrao.ac.za/images/coordinate_systems_for_astronomy_1.pdf
https://link.springer.com/article/10.1007/s00190-017-1072-4
http://vlbiimaging.csail.mit.edu/training_14
http://www.jmmc.fr/obsvlti/book/Segransan_1.pdf
https://science.nrao.edu/opportunities/courses/casa-caltech-winter2012/Isella_Radio_Interferometry_Basics_Caltech2012.pdf
https://learn.foundry.com/modo/content/help/pages/uving/create_uv_tool.html
https://www.eso.org/sci/meetings/2015/eris2015/L1_Jackson_Interferometry.pdf
https://knowledge.autodesk.com/support/maya/learn-explore/caas/CloudHelp/cloudhelp/2018/ENU/Maya-Modeling/files/GUID-1CEF8A5B-1051-40F1-ACFE-F29AD066F56F-htm.html
https://github.com/SpheMakh/uvgen

V.R.I. - Virtual Radio Interferometer
python-casacore pyrap Documentation
LOFAR synthesis data handling Introduction
casacore developments since 1-May-2009
LOFAR synthesis data handling pyrap

Github: generate uv coverage
SARA-CALIB-time-regularised in Matlab
XRAYVISION - X-RAY Vlsibility Synthesis ImagiNg
github generate uv coverage - ipynb
ratt-interferometry-course

Fundamentals of Radio Interferometry*****

HE {Synthesis imaging in Radio Astronomy, Lecture 2) 2 (4t & R L& T
M Z 5 & mIEPT2-73) 694EE T X
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https://www.narrabri.atnf.csiro.au/astronomy/vri/guide.html
https://buildmedia.readthedocs.org/media/pdf/python-casacore/stable/python-casacore.pdf
https://www.astron.nl/~gvd/tutorial1.pdf
https://safe.nrao.edu/wiki/pub/Software/CASADevelopersMeeting/casacore-2010.pdf
https://www.astron.nl/~gvd/tutorial3.pdf
https://github.com/basp-group/SARA-CALIB-time-regularised.git
https://github.com/sunpy/xrayvision/tree/905042be8227688c4088800423dfa8db79e56566
https://github.com/search?l=Jupyter+Notebook&q=generate+uv+coverage&type=Code
https://github.com/ratt-ru/ratt-interferometry-course/tree/b56f81b6a1172ccffc525cc54f62f1bb990d39c5
https://github.com/astronomical-data-processing/fundamentals_of_interferometry_chinese/tree/d48343994aeb4e254fe5a6b7c1befd82086266d3
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UV coverage of sites: 6 at 227.3 GHz
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