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INTRODUCTION

Why are these two topics — ‘Error Recognition’ and ‘Image
Analysis’ in the same lecture?

-- Error recognition is used to determine defects in the (visibility) data and
image during and after the ‘best’ calibration, editing, etc.

-- Image analysis describes the almost infinite ways in which useful
insight, information and parameters can be extracted from the image.
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OBVIOUS IMAGE PROBLEMS

Rats!! , _mJy scale

This can’t be right. This is

either the most remarkable radio
source ever, or | have made an
error in making the image.
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HIGH QUALITY IMAGE

Great!!

After lots of work, | can finally
analyze this image and get some
interesting scientific results.
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GENERAL PROCEDURE

We assume that the data have been edited and calibrated
reasonably successfully (earlier lectures). Self-calibration is

sometimes necessary.

So, the first serious display of an image leads one—
to inspect again and clean-up the data repeating some or all of
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IMAGE DISPLAYS (1)
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IMAGE DISPLAYS (2)
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Grey-scale Display
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DATA DISPLAYS(1)
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DATA DISPLAYS(2)

J V F~ J UUC VC U

Projected uv spacing

General trend of data.

Useful for relatively strong
sources.

Triple source model. Large
component cause rise at
short spacings.
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DATA DISPLAYS(3)

5 _BR-LA(1-5)

Visibility amplitude and
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phase versus time for
various baselines

Good for determining the
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DATA DISPLAYS(4)

Weights of antennas 4 with 5,6,7,8,9

All u-v data points have a weight.
The weight depends on the antenna
sensitivity, measured during the

observations

The amplitude calibration values also
modify the weights.
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IMAGE PLANE OR DATA (U-V) PLANE
INSPECTION?

Errors obey Fourier transform relationship

Narrow feature in uv plane <-> wide feature in image plane

Wide feature in uv plane <-> narrow feature in image plane

Note: easier to spot narrow features




GOLDEN RULE OF FINDING ERRORS

---Obvious outlier data (u-v) points:
100 bad points in 100,000 data points gives an 0.1% image error

(unless the bad data points are 1 million Jy)

LOOK at DATA to find gross problem (you’d be hard pressed to

find it in the image plane other than a slight increase in noise)

---Persistent small data errors:

- "&I >
New Mexico Tec
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ERROR RECOGNITION IN THE U-V PLANE

Editing obvious errors in the u-v plane

---Mostly consistency checks assume that the
visibility cannot change much over a small
change in u-v spacing

---Also double check gains and phases from
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VISIBILITY AMPLITUDE PLOTS
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VISIBILITY AMPLITUDE RASTERS
BASELINE

Ant 1 2 3 4 5 678

(Last two scans from previous slide)

Use AIPS task TVFLG, CASA viewer

Raster scan of baseline versus time
immediately shows where the
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Example Edit = plotms

(2)

=~ msplot: plot

Editing commands
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Drop-outs at Scan Beginnings
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Editing Noise-dominated Sources

No source structure
information is detected.
Noise dominated.

All you can do is remove
outlier points above
0.3 Jy. Precise level
not important as long
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USING TVFLG (VIEWER) DISPLAY on a source

['& = %-AIPS tv Screen Server 98 - INET
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35km 12 km 3 km baseline

RFI Excision

befor
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ERROR RECOGNITION IN THE IMAGE
—— =

Some Questions to ask:

Noise properties of image:

|s the rms noise about that expected from integration time?

Is the rms noise much larger near bright sources?

Are there non-random noise components (faint waves and
ripples)?




EXAMPLE 1
Results for a point source using VLA. 13-5min observation over 10 hr.
Images shown after editing, calibration and deconvolution.

No errors: 10% amp error for all
max 3.24 Jy antennas for 1 time period
rms 0.11 mJdy rms 2.0 mJy




EXAMPLE 2

Shoxt-burst-of-bad-data

Typical effect from one bad antenna

10 deg phase error for 20% amplitude error for
one antenna at one time one antenna at one time
rms 0.49 mJy rms 0.56 mJy (self-cal)

B

anti-symmetric ridges symmetric ridges




EXAMPLE 3
Persistont t of ol G

NOTE: 10 deg phase error to 20% amplitude error
cause similar sized artifacts

10 deq phase error for 20% amp error for one




EXAMPLE 4

Occasionally Correlators produce ghost signals or crdSs talk signals
Occurred during change-over from VLA to EVLA system

Symptom: Garbage near phase center, dribbling out into image

Image with correlator offsets Image after correlation of offsets

. 150 100 50 -50 -100 -150 150 10 50

0 v}
ARC SEC ARC SEC




DECONVOLUTION ERRORS

Even if the data are perfect, image errors and uncertainties will occur
because the (u-v) coverage is not adequate to map the source structure.

Plot file version ted 10-JUN-2008 20:48:42
Ampl t de Vs Ll'u|I d tfor FORNAX_1.UVDATA.1 S
An Stokes RA IF# 1 Chan# 1
| I I ]

100 —

90

80—

70

o )

MilliJanskys

B
[=]

e

Kilo Wavingth

Freq = 1.4648 GHz, Bw = 50.000 MHz
UVrange 0.000E+00 3.000E+04 wavelengths
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DIRTY IMAGE and BEAM (point spread function)

&

Dirty Image Source Model
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CLEANING WINDOW SENSITIVITY
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How Deep to Clean?

Under-cleaned

Vamwam e e am W am e ——— -
r New Mexico Consortium’s
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FINDING HIDDEN BAD DATA

o to NF in first

Primary beam
sidelobe

Chandra De‘{BﬁEH&Pé{thDeep Field South

See Lectures
Bhatnagar and Ott on
Wide-field Imaging,
and Perley on High
Dynamic Range
Imaging

Center of

ddddddddddddddddd
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Fourier Transform Dirty Image

ows the u-v

lata as gridded

imaging

&t Las dlames National Laboratary

New Mexico Consortium’s
Institute for Advanced Studies

st before



Fourier Transform Clean Image

Shows the u-v

data from clean

image.

Diagonal lines still

present. Notice

that clean does an

interpolation in the

The University of New Mexico



Bad weighting of a few u-v points

After a long search through the
data, about 30 points out of
300,000 points were found to
have too high of a weight
by a factor of 100.

Effect is <1% in image.

TIAE CHOURS?

New Mexico Consortium’s

Institute for Advanced Studies



Improvement of Image

Removal of low level ripple improves detectability of faint
sources

Before editing After editing




SUMMARY OF ERROR RECOGNITION

Source structure should be ‘reasonable’/, the rms image noise
as expected, and the background featureless. If not,

UV data
Look for outliers in u-v data using several plotting methods.
Check calibration gains and phases for instabilities.

New Mexico Tech
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IMAGE ANALYSIS

v Gustaaf van Moorsel

Ed Fomalont
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IMAGE ANALYSIS

Input: Well-calibrated data-base producing a
high quality image

Output: Parameterization and interpretation
of image or a set of images

This is very open-ended

New Mexico Tech a
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IMAGE ANALYSIS OUTLINE

Multi-Resolution of radio source.

Parameter Estimation of Discrete Components

New Mexico Tec
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IMAGE AT SEVERAL RESOLUTIONS

Different aspect of source
structure can be see at
various resolutions, shown

B P by the ellipse in the lower

L ST ' = left corner of each box.

* " Natugral

: o SAME DATA USED FOR
T e ' T g o ALL IMAGES

-

Super-uniform-

- = [] - .
[ BT

HMA
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“:‘b New Mexico Tech o
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Imaging and Deconvolution of Spectral Line Data:

Type of weighting in imaging

40" resolution 15" resolution 9" resolution
I | I I I I I I I I | I |
Smoothed Robust=+1 Robust=-1

New México Tech
ERSITY
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PARAMETER ESTIMATION

Parameters associated with discrete components

Fitting in the image

Assume source components are Gaussian-shaped

Deep cleaning restores image intensity with Gaussian-beam

True size * Beam size = Image size, if Gaussian-shaped. Hence, estimate of true

NEW ngico Tech The Univcr:it:-nl' New Mexico

SCIENCE - ENGINEERING - RESEARCH - UNIVERSITY




IMAGE FITTING

Component  2-Gansaian
Peak intensity = 0.104 +/- 0.005 J¥/BEAM

Integral intensity= 0.998 +/- 9,47 JANSKYS

X-position = 255.986 +/-  0.0029 pixels

¥-position = 257 .033 +/-  0.0032 pixels
Major ax 19.99 +f-  0.02 pixels
Minor ax 9.98 +/-  0.03 pixels
Pos sng 135.3 +/- 0.1 deg

Compoment 1-Gaussian
Peak intemsity = 0.300 +/- 0.005 IJ¥/BEAM
Integral intensity= 0.302 +/- 0.008B JANSKYS
X-position = 270.991 +/-  0.001 pizels
¥-position = 267.018 +/-  0.001 pizels
Major ax 0.53 +/-  0.01 pizxels
Minor ax 0.00 +/- 0.05 pizels
Pos ang 21.6 +/- 1.1  deg

Component  3-Gaussian

Peck intemaity = 0.393 +/- 0.004 JY/EEAM .
Integral intensity= 0.403 +/- 0.008 JANSKYS
X-position = 241.007 +/-  0.001 pixels .
¥-position = 241 988 +/-  0.001 pixels
Major ax 1.54 +/- 0.1 pizels
Minor ax 0.21  +/- 0.01 pixels n
Pos ang 3.6 +/- 0.2 deg -

The University of New Mexico




(U-V) DATA FITTING

Amp and phase vs. time for three baselines

ge with model fits

S o of = BT,

0asoJel||Iiw

'A’i

@

| _.ﬂmmﬁ.‘gﬂh._ @
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COMPONENT ERROR ESTIMATES

P = Component Peak Flux Density

s =Image rms noise P/s = signal/noise = S
B = Synthesized beam size

qi = Component image size

DP = Peak error=s




Comparison and Combination of Images of Many Types

FORNAX-A Radio/Optical field

Radio is red - NATIONAL RADIO ASTRONOMY -
Faint radio core - _ OBSERVATORY
in center of : i -
NGC1316 :
-

2005 NSF Senior Review

New Mexico
SCIEMCE - ENGINEERING - RESEARCH -



LINEAR POLARIZATION
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COMPARISON OF RADIO/X-RAY IMAGES

Contours of radio intensity at 5 GHz

ARC SEC

Dots represent X-ray Intensity (photons)
between 0.7 and 11.0 KeV

_Q | | | | I‘ g
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SPECTRAL LINE REPRESENTATIONS
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Visualizing Spectral Line Data: Channel Images
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Visualizing Spectral Line Data: Channel Images
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IMAGE REGISTRATION AND ACCURACY

Separation Accuracy of Components on One Image due
to residual phase errors, regardless of signal/noise:

Limited to 1% of resolution

Position errors of 1:10000 for wide fields, i.e. 0.1” over 1.4 GHz PB

Images at Different Frequencies:

Multi-frequency. Use same calibrator for all frequencies.
Watch out at frequencies < 2 GHz when ionosphere can
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DEEP RADIO / OPTICAL COMPARISON

Grey-Scale:
Optical emission
faintest is 26-mag

Contours:
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Radio Source Alignment at Different Frequencies

SO - " : -0y ot
Frequency-dependent structure causes relative position of maximum to change

Fitting of image with components can often lead to proper registration
43 GHz: res = 0.3 mas

23 GHz: res = 0.6 mas 15 GHz: res = 0.8 mas
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IMAGE ANALYSIS:
SUMMARY

Analyze and display data in several ways
Adjust resolution to illuminate desired interpretation, analysis

Parameter fitting useful, but try to obtain error estimate
Fitting in u-v plane, image plane
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