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PREMABLE TO EHRROR RECOGNITION and IMAGE
AWARESS

* Why are these two topics in the same lecture?

- - BEror recognition is used to determine defects in the data
and image after the * best’” calbration, editing, etc.

- - Image analysis describes the almost infinte ways in which
useful information and parameters can be extracted from
the image.

* Perhaps the two topics are related to the reaction one has
when looking at an image after * good  calbration,
editing, self- calbration, etc.

* | the reaction is:



POSSBLE IMAGE PROBLBEVIS

mJy scale
Rats!! T T

This can’ t be rght. This is
etther the most remarkable
radio source ever, or | have
made an error in making the
image.

Image rms, compared to the
expected rms, unnatural
features in the image, etc are
Clear signs of problems.
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How can the problems be found
and corrected?
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HGH QUALITY IMAGE 4

G reat!!
After lots of work, | can finaly
analyze this image and get
some interesting scientific
resutts.

W hatw ere defects?

Two antennas had 10%
calbration errors, and one with
a 5 deg error, plus a few
outlier points.
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ThisLecture.

How to find the errors and fix
them.
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GENERAL PROCEDURE

Assuming that the data have been edited and calbrated reasonably
successfuly (earler lectures). Self- calibration is usualy
necessary.

So, the first serious display of an image leads one- -

to inspect again and clan up the data with repetition of some
or all of the previous reduction steps.

to image analysis and obtaining scientific results from the image.

But, frst a digression on data and image display.



o
+—
'©
C
@)
—
| -
o
o
o
| -
o

Good for slow

the intensity
links

)
—
@®©
2]
—
)
®)
S
>
Z

Digital image

d da 4
d 4 4
a o a
d a4 4

1

1

1

i
1 a 4 a 4
1 a a a 4
1 4 0 a 4 4
1 4 a a 4 4

o

1 a 4 a 4

1 4 9 9 a 4
E 412 &4 3

aTh

1

i 49 a4 4 a4 a4 a 4
1

1 4 a 4 4 4 a 4

1 a4 a4 a0 @ a9 4 4

1
1 1
2 4 3 3 4 4

i
1 2 3 4 4

1
i 2 3
1 2 4 &8 49 13 14 15 14 14 40 72 47 13 2 04 & 0

1
k
E® T & 49 4159 32 22 4
1 4 a a4 a4 ad a a J 4

285
a a4 9 9 a4 a4 9 g a4 & 4

i 4 4 4 4 a 4 ¢ 4 a4
i a4 4 4 a9 ad ¢ a4 4 4 a

1

1
1
1
1
i 4 a4 a a ¢ 9 a9 a3 4 a4 d

o9 41 41 24 12 4 3
i |
i

1
E
1

1
1 ¢ a4 0 4 & a0 4 4 F¢ a a4 J d

5D 8E10813013T1x310E T4 Talh4xd0113 20
i

i a9 a4 a9 0 a a9 4 9J9 a0 a9 4 4 a a9 a4

3
m
O
&
=

Pixal valnas
mE
1 2 & 8 12 17 22 X3 24 22 2T TT1A84 87 19 2 4 4 o

1 2 4 8 15 21 25 385 3 37 33 431238217132 28 3 O O 4

4 4 815 25 34 44 B0 B0 B3 48 S11T3E18E M 03 4 O 4
i

i a a9 9 a a9 O 04 40 a0 04 4 a0 4 4J 4

a 9 o 4 4 9 a0 94 4 4 4 a4 a d4 g ad a a dgoad

1
a

245

1

1

1

E 11 23 a¥

1 2 4 &8 14 25 40 B2 & ™ TF T4 &3 TRIQ931G1FT 3 3 O 4 4
1

1 3 7 14 24 40 40 77 SridEiad 93 T4 79191389185 Fo

1 4 8 17 33 b4 81114139164166813310T7 Th 41105140 &9 12 2 4 O 4
E 12 24 45 THOE143182170161131 99 &4 47 64 ThH 36 &

1 2
i1 2
1 2 2

i
1 2 7 18 2F 42 TO1411351421641 68134100 T1 44 27 20 14 7

1 415 4 &3 b1 THO518316H 46135112 81 54 34 19 11 T A

1 & 34 T3 W 69 71001201 30122114
1 940 8 23 T 3 2

23K
a J4 ¢ a0 a4 4 0 a4oa Jd goa o dad Jd g aoa a4 o ad I o d aod

a a9 49 a9 o a4 49 a0 a a g a ad g4 a a da da
a 4 49 a9 0 04 4 4 0 a9 4 4 0 9 4 4 oaq
a a4 49 a a a4 a9 a4 a a Jd a4 a a d

a a4 4 o & J a4 4 & a4 a4 a4

a o 4J9 40 ¢ a4 a9 a0 ¢ a4 a4 o9

a a9 a4 a 4 a4 a4 a 4 a a

a a9 90 @ a4 a9 a4 od

a 4 4 o a4 4 & a

a a9 4 a a4 a9 44 a

da 4 94 a 4 4 4

a a4 4 a a 4 4

da a4 94 @ @& 4

a a9 40 &4

a aJ4a a a 4
1 2 14 49141113 &5 T3 AT1001408 96 &3 44 &1 27 14 T &

1 3 231123818T 69 &2 49 FF 81 Ta B8 42 » 14 & 3
1 4 442938y BG 24 25 25 22 14 11 7 3

1 & 420224902242 A5 38 AT 38 4T 29 21 14 T 4
1 3 39196327179 41 18 14 15 12 4§

1 3 39180338217 &9 48 52 RE KT 47 38 25 18 & 3

1 3 28139223118 24 11 9 &3 &4 4 2
a a4 49 0o @ a4 909 4 a4 4 a9 a4 oa g9 a4 oa a4 4 da dd o 4oda d
a o9 40 ¢ a4 a9 4o ¢ a a d 9 a a d 9 a da da g doa d g ad a4

a a9 90 @ & 2 4 8 18 32 B A81241801T71169162118 S48 EE 38 A4 34 14 3

d 4 ¢ a
a a9 44 4
d a4 4 4
a 4 4
d 4 4
a &4 4
a a4 4
d 4 4
d 4 a4

a 4a a4
a 04d 0 a2 18 81T &4 14 & 4 A

K| d 4 ¢ da
a a9 94 a a4 417 x4 11
4 4 @ 0 2 & T 3
a a4 44 da 4a

287
285
283
281
2714
aTrT
a2Th
2Ta
aTi
289
287
285
263
241
259
257
255
253
261
244
247
245
243
441
239
2a7
FRE
24

231
229
227
22k
223




IMAGE DISPLAYS (2)
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These plots are easy to reproduce in printed documents
Contour plots give good representation of faint emission.
Profile plots give a good representation of the * mosque-like’
bright emission and faint ripples.
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IMAGE DISPLAYS (3)

o | Grey-scale Display . 5
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TV-based displays are most useful and interactive:

Grey-scale shows faint structure, but not good for high dynamic
range.
Color displays more flexible; pseudo contours



DATA DISPLAYS(1)

List of - v Data

Source= J0121+11 Freq=  B8.434858511 Sort= TH
¥Wia # IAT Ant Su Fq Ulklam) Y(klam) W(lkIam)

2191 Oof22:35:08.22
3971 Of22:-43:-43 34
6431 O/23-07:05.15
6611 O0/23:07:-14.%98
6791 O0/23:07:-24_81
6971 0/23:07:34_64
Tis1 O/23-07:-44.47
Ta341 O0f23:07:54.30
ThR11 O/23:15:06.84
7691 O/23:15:16.67
TAT1 O/23:15:26.50
#8051 O0/23:15:36.33
8231 0/23:15:48.168
B411 O/23:15:55.9%9
931 O0/23:-31:02. 36
9791 0/23:-31:06.29
10301 0O/23:31:29_88
10861 O/23:39:02_08
10951 O/23:-39:06.01
11171 O0/23:39:15.84

S4220 23776 100371
BT659 24517 S68442
106307 26661 86632
106364 2667 T BELET
106421 26692 86483
106477 26708 #6408
106534 26724 86333
106591 26739 BE25%
109027 27438 82930
109081 27454 82854
109135 27470 B2TTT
109189 27486 82701
109243 Xrs02 B2624
109297 27518 82547
114020 29035 TH322
114040 ety l o TEZXO0D
114156 x9082 T5098
116320 9863 Ti3rs
116339 FSETO T1346
116384 ZBH8T T1264
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Very primitive display, but sometimes worth-while: egs, can search on
Amp > 1.0, for example, or large W.



10

DATA DISPLAYS(2)

Visibiity Ampilitude versus
Projected uw spacing

General trend of data.
Useful for relatively strong
Sources.

(Triple source model with
large component in middle,
see Non-imaging lecture)

Mega Wavingth

Mega Wavelength
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DATA DISPLAYS(3)

15 LBR-LA(1-5)

Plot of Visbiity ampltude
and Phase versus time
for various baselnes

Good for determining the

» oo continuty of the data.
should be relatvely smooth
with time

1/01 00

Time in d/ hh mm
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DATA DISPLAYS(4)

m< — -

Baselnes- - >

l l Color Display of Visbity
(| :

|

|

|

ampiltude of each baselne
with time.

I

: Usually interactive editing
1A anii

I

|

i

I

IS posshble. Example
later.



IMAGE PLANE OR DATA (U- V) PLANE? 13

Errors obey Fourier relationship
Narrow features <-->
Wide features
(easier to find narrow features)

Orientations are orthogonal

Data amplitude errors <->
symmetric image features Image Plane

Data phase error --> Ax=A0
asymmetric image features L = nAB




GOLDEN RULE OF HNDING HRRORS 14

- - - Obvious outler data (+ v) points:
100 bad points in 100,000 data points gives an 0.1% image error
(unless the bad data points are 1 milion Jy)
USE DATA to find problem (but don' t go overboard)
- - - Persistent smal data errors:
egs a 5% antenna gain calbration error is difficutt to see
N (= v) data (not an obvious outler), but wil produce a
1% effect in image with specific characteristics (more later).
USE MAGE to discover problem

- - - Non- Data Problems:

Perfect data but unstable algorthms. Very common.



HRROR RECOGNITION N THE U- V PLANE

15

Editing obvious errors in the - v plane

- - - Mostly consistency checks assuming that the
visbity cannot change much over a smal change in & v
spacing

- - - Also, double check gains and phases from
calbration processes. These values should be relatively
stable.

See Summer school lecture notes in 2002 by Myers
See ASP Vol 180, Ekers, Lecture 15, p321
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Editing using Vishbiity Amplitude versus w spacing

Nearly point source

Lots of drop- outs
Some lowish points

L

2 3"
1
i- -

Coud remove al data
less than 0.6 Jy, but
Need more inform-
ation.

A baselne- time plot
IS more instructive.

Mega- wavelength



Example Edit —msplot (2)

17

Fourier transform of
nearly symmetric Jupiter

'y -". ”l

n:*if;.ﬂ !“Imhi; RL

Kilo- wavength




Editing using Time Series Plots 18

14 Fer-LA(1-5)

1/00 00
TIME (HOURS)

Mostly occasional drop-
outs

Hard to see, but drop outs
and lower points at the
beginning of each scan.

(aips, aips++ task
QUACK)

Should apply same editing
to all sources, even if too
weak to see signal.



Editing noise- dominated Sources

19

No source structure
information available.

All you can do is remove
outlier points above
0.3 Jy. Precise level
not important as long
as large outliers
removed.

g

0
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c
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Other points consistent

with noise.

BO
Mega Wavingth




USING TVH.G DISPLAY on noisy source
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ERROR RECOGNITION IN THE MAGE PLANE

Some Questions to ask?

Noise properties of image:
s the rms noise about that expected from integrtion time?
s the rms noise much larger near bright sources?
Are there non- random noise components (faint waves and ripples)?

Funny looking Structure:
Non physical features; stripes, rings, symmetric or antk symmetric
Negative features wel below 4xrms noise
Does the image have characteristics in the dity beam?

Image- making parameters:
s the image big enough to cover al signficant emission?
s cell sze too large or too smal? >4 points per beam
k5 the resolution too high to detect most of the emission?



EXAMPLE 1

A lldata bad over a shortperiod oftin e e
Resutts for a point source using VLA. 13- 5min observation over 10
hr.
Images shown after editing, calbration and deconvolution.
no errors: 10% amp error for all
max 3.24 Jy antennas for 1 time period
rms 0.11 mJy rms 2.0 mJy

6-fold symmetric _

pattern due to Y s 3

VLA Y . ¢

Image has LAY

properties of
. dirty beam. o eng



EXAMPLE 2

Shortburstofbad data

23

Typical effect from one bad u v ponts: Data or weight

10 deg phase error for
one antenna at one time

rms 0.49 mJy

antk symmetric ridges

20% amplitude error for
one antenna at 1 time

rms 0.56 mJy (self-cal)

symmetric ridges



EXAMPLE 3
Persistenterrors over m ostof observations

24

NOTE: 10 deg error equivalent to 20% error. That is
why phase variations are generally more serious

10 deg phase error for 20% amp error for one
one antenna all times antenna all times

rms 2.0 mJy rms 2.3 mJy




DECONVOLUTION HRRORS

25

Even if data is perfect, image errors wil occur because of
incomplete or poor deconvolution.

This is often image distortions serious associated with extended
sources or those with Iimted (U v) coverage.

The problems can usualy be recognized, if not aways fixed. Get
better (= v) coverage if you can.

Also, 3- D sky distortion, chromatic aberration and time- smearing
distort the image (other lectures).
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DRTY IMAGE and BEAM (point spread function)

T 670N ¥l

!
A
\J

Dirty Image Source |
[ smm 0000000 ]

=a a 54 18a 133 z20E IS8 333 350 480 58 G S8 188 133 2eE {54 330 350 4008

@ £a €8 158 caa o=a ety
: e
MT  T.I“-FFam MT  T.I*-FFaM MT T.0“/FFaM

The dirty beam has large, complicated side-lobe structure.
It is often difficult to recognize any details on the dirty image.
An extended source exaggerates the side-lobes.

5% in dirty beam becomes 20% for extended source
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© TightBox — Middle Box h Big BoX Dirty Beam
Three small clean One clean box Clean entire
boxes around all emission inner map quarter

(interactive clean
shown next)

Spurious an ission 1s alvays associated w ith
higher sdebbes in dirty-beam .



Snanshot 1

A SEQUBENCE ABOUT CLEANING

28

Using Caltech
Difmap Software

W coverage

v 107 )

1200

500

=500

—14G0

Edit all channels.

16156554 at 8.440 GHz 1994 Mar O

- PGPLOTWMdowl | [.]|

[ I I I
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Edit all channels.

16156554 at 8.440 GHz 19%4 Mar @1
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600 800 1000
Uy radius (167 3)

400

200

Somewhat noisy with
emission
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about 50 mJy In

radius




Snanshnt 3
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dirty beam

20% sidelobes

O velotwmdowi [ [ ]

Dirty beam. Array: VLA
1695850% at 440 GHz 19594 Mar-(F
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dirty image
field view

wide

{arcsec)

Felative Declination

5]

=if]

Reaidual map. Array: WLA
186 o8a0%

Right Ascension

at 5440 GHz 1994 Mar O

{arcsec)

=5y

Maop center: Ra: 16 08 10700, Dec +85 32 46.000 (2000.0)
Cigplayed range: —0.018 -+ 0.0382 Jy/ beam

=001 u] D0.o1

002

0.03
Jy/Baamn
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Snapnshnt 5

32

dirty image - ful
resolution around
peak

Any thing that is not
symmetric may be
real (phase errors)

O velotwmdowi [ [ ]

Reaidual map. Array: WLA
169o850% af & 440 GHz 19594 Mar-(F]
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Maop center: Ra: 16 0% 13961, Dec +85 32 27.938 (2000.0)

Cigplayed range: —0.00818 - 0.0351 Jybeam
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u] T.01 T.0z T.03
Jy/Baamn




Snanshnt 6

33

residual image - 1%
source removed

Ft in » v plane for a
smal- diameter comp
near + location, and
remove t from data
and make new

image

Cleaning does almost
the same thing.

S pcPioTwmdowi [ [ ]|

Relative Declination ({arcsec)

Residual map. Array: VLA
18126554 at 8,440 GHz 1994 Mar O

| | |
il
F
¥ al s
P = = &
.
n i =
+
’ .
E ® -
B i ==
- -
e i =
i
. L -
5 -
'l ] ] i
2 ] -2

Right Ascension {arcsec)

Map center: Ra4: 16 0% 135961, Dec: +85 32 27.938 (2000.0)
Cigployed range: —0.00551 - 0.0149 Jy./ bheam

—5x1073 0 Sxi0™ 001

Jaef baarm




residual image
source removed

2rd

{arczec)

Felative Declination

PGFLOT Window 1

Reaidual map. Array: “WLA
191o600% at 440 GHE 19594 Mar-(F

S 0 =
Right Ascension {arcsec)

Mop center: R&: 16 0F 13.561, Dec: +85 32 27.938 (2000.0)
Cigplayed rongs: —0.00368 - 0.0137 Jy/ beam

1] =107 0.0

Jf baam

I
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Soapshot 8

35

residual image
source removed

3rd

Residual map. Array: VLA
18156554 at 8,440 GHz 1994 Mar O
= = i [ ¥

{arczec)

Relative Declination

Right Ascension ({arcsec)

Map center: R4 16 0% 13561, Dec +85 32 27.938 (2000.0)
Cigployed range: —0.00347 - 0.00385 Jv/beam

T T ———

-3x1078

L i —" nt
-2x157 -1 0 imsa brod [0

dfis
P

3x107F

Javd baam

A
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Soapshot 9
= PGPLOT Window 1 EEE
Residual map. Array: VLA
16156554 at 8440 GHz 19%4 Mar O
residual image - 4

source removed

Notice noise structure
is left. Need
further

self- calbration?

Felotive Declination ({arcsec)

Right Ascension {arcsec)

Map center: R4 16 0% 13561, Dec: +85 I2 27935 (2000.0)
Cigployed range: —0.00349 - D.00358 Jv/beam

-0 —Zx1g -107 iy 1078 2x107F 3x107

Juvd baam
1.5 mly




Soapshot 10

New residual image

After phase seff- cal
with the four
component model

Note: Change of
brightness scale by a
factor of 2.

Felative Declination ({arcsec)

37

Fa‘ﬁﬁmf Window 1

Residual map. Array: VLA
181265054 at 8,440 GHz 19594 Mar O

Right Ascension {arcsec)

Map center: Ra: 16 0% 135961, Dec: +85 I2 27935 (2000.0)
Cigployed range: —0.00136 - 0,001 74 Jyv/beam

e

PR

-0 -Exig o Sxio™ Fingt] 18x1a7
Jyvd baam

15 mly




PGPLOT Windowr 1

Clean map. Array: vLA
16156554 at & 440 GHz 1394 Mar-L1

Hnal restored image . , i
g ¢ ;
2 to z |
Gravitational lens: - :
four radio blobs i A
from one true source
near middle. g . . -l

) 0 =2
Right Ascension (arcsec)

Mop center: Ré: 16 08 13,961, Dec: +65 37 27.988 (2000.0)
Map peak: 0.0323 Jyv/beam

Cantours %: —2.5 2.5 5 10 20 40 BC

Beam FWHH: 0.272 = 0.177 (arcsec) at —B4.1°

PR ST R W S I L
u] Ex107 .01 0015 0.02 0028 0.0%
Sy beam




Soapshot 11
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FHnal image (contour)
overlayed on
original dirty image

It" s amazing how well
deconvolution and
self-cal work if you
are careful!

- PGPLOTWmdowl [ [.[ ]

Heaidual map. Array: “WLA
18156554 at 8.440 GHz 1394 Mar O1
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2 0 -2

Right Ascension {arosec)

Map center: Ra: 16 0F 13.961, Deec: +85 32 27.935 (2000.0)
Cisplayed rangs: —0.00818 - 0.0351 Jyv beam
— 7 ——

a oo o0z Q.03
Jy baamn




SUMMARY OF ERROR RECOGNITION

Source structure should be* reasonable’ ,the rmsimage noise
as expected, and the background featureless. If not,

UV data
Look for outllers in - v data using several plotting methods.
Check calbration gains and phases for instabilties.
Look at residual data (uv- data - clean component)

MAGE plane
Do defects resemble the dity beam?
Are defects related to possible data errors?
Are defects related to possible deconvolution problems?



IMAGE ANALYSIS

Ed Fomalont

Tenth Summer Synthesis Imaging Workshop
University of New Mexico, June 13-20, 2006
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MAGE ANALYSIS

°* hput: Wel calbrated data- base producing a
hgh qualty image

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

This is very open ended
Depends on source emission complexity
Depends on the scientific goals

Examples and ideas are gwven.
Many software packages, besides APS
and Casa (eg. DL, DS 9) are avaiable.



MAGE ANALYSIS OUTLINE

Mult- Resolution of radio source.

Parameter Estimation of Discrete Components
Polarzation Data

Image Comparisons

Positional Registration



IMAGE AT SEVERAL RESOLUTIONS “

Milli- arcsec

Different aspects of source

can be seen at the different

resolutions, shown by the

ellipse at the lower left.

SAME DATA USED FOR
ALL IMAGES

For example, the outer
components are very small.

There is no extended
emission beyond the three
main components.



PARAMETER ESTIMATION

Parameters associated with discrete components

* Htting 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 size is relatively simple.

* Htting n (+- v) plane
— Better estimates for small-diameter sources
— Can fit to any source model (egs ring, disk)
* Hror estimates of parameters
— Simple ad-hoc error estimates
— Estimates from fitting programs



MAGE HTTING

ﬂnmpnnnnt
Peak intensity

20aaaian
= {.104 +/- 0.005 J¥/BEAM
JANSKYS

Integral intemsity= 0.998 +/- 9,47

X-poaition

Y-poaition
Major ax
Minor ax
Poa ang

omo ATHETHIE
@
|

Cnmpnnant

Paak intansity

—pnaltlnn
—pnsltlnn
Major ax

Minor ax
Poa &ang

255 .985 +/-
257 .033 +/-
19.99 =
9.98 L e
135 .3 +/-

3Cmaaian
= 0.393 +/- 0.004 JY/BEAM
Integral intensity= 0.403 +/- 0.008 JANSKYS
= 241 .007 +/-

0.0029 pixels
0.0082 pixels

Q.02
0.03
2.1

= 241 988 +/-

1.54
0.21
3.6

+f-
=
=

pixels
pixels
dag

Compoment  1-Gaussian

Peak intemsity = 0.300 +/- 0.005 JY¥/BEAM

Integral intensity= 0.302 +/- 0.008B JANSKYS

X-positiom = 270.991 +/-  0.001 pixels

¥Y-position = 267 .018 +/-  0.001 pixels
Major ax 0.53 +f-  0.01 pixels
Minor ax 0.00 +/-  0.05 pizxels
Pos ang 21.6 +f- 1.1  deg

Casatool

0.001 pixels Imagefitter

0.001 pixels
0.01 pixels
0.01 pixels
0.2 dag

AIPS task: IMFIT
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(U- V) DATA HITING

Jy !
Deg |
Jy | %
- (_'§
Deg £
Jy
Deg )
miliarcsec
Time
DFMAP has best algorithm
Fit model directly to (u-v) data Contour display of image
Look at fit to model Ellipses show true component

size. (super-resolution?)



COMPONBENT BHRROR ESTIMATES

P Component Peak Hux Densiy

o = Image rms noise P/o = signal to noise
= S

B = Syntheszed beam size

6 = Component image size

AP = Peak error = O
AX = Postion error = B/ 2S
Af = Component image size error = B/ 2S

Q@ = True component size = (G2 B
AQ= Minimum component size = B /S
most interesting



Comparison and Combination of Images of Many Types 4

FORNAX- A Radio/ Optical field

Radio is red
Faint radio core
in center of :
NGC1316 -

Optical in , $ 4 i e .
blue-white - * ' : . .
.‘. - =
Frame size is g5 4 -
60" x40 : ¥ . - : _
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COMPARISON OF RADIO/ X- RAY IMAGES

Contours of radio intensity at 5 GHz

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

Contours of radio intensity at 5 GHz

Color intensity represents X-ray
Intensity smooth to radio
resolution

Color represents hardness of X-ray
(average weighted frequency)

Blue - soft (thermal)
Green - hard (non-thermal)




SPECTRAL LINE REPRESENTATIONS 52

177T6.0 KM'3 1765.6 KM/S 117604 KM/S 17552 KM/S

False color intensity
Low = Blue; Hgh = Red

17500 KMSS i 5 11739.6 KM/S1734.4 KM/S

1698.0 KME

Integrated

Mean
Velocity
Hux Velocty
Dispersion
amount of rotational

turbulence?



MAGE REGISTRATION AND ACCURACY

53

Separation Accuracy of Components on One Image:
Limited by signal to noise to 1% of resolution.
Errors of 1:10000 for wide fields.
Images at Different Frequencies:
Multi-frequency. Use same calibrator for all frequencies.
Watch out at frequencies < 2 GHz when ionosphere can
produce displacement. Minimize calibrator-target separation
Images at Different Times (different configuration):
Use same calibrator for all observations. Differences can
occur up to 25% of resolution. Minimize calibrator-target separation.
Radio versus non- Radio Images:
Header-information of non-radio images often much less

accurate than that for radio. For accuracy <1” , often have
to align using coincident objects.



DEEP RADIO / OPTICAL COMPARSON

Grey-Scale:
Optical emission
faintest is 26-mag

Contours:
Radio Emission
faintest is 10 uJy
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