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5.6 TWO-DIMENSIONAL TRACKING ARRAYS iSl

(c) {d)

Figure 3.18 Spatial frequency coverage for the VLA with the power-law configuration of

Fig. 5.17b: {a) § = 43°. () § = 30° {c) & = 0%; {d) snapshot at zenith. The range of

hour angle is +4 h or as limited by a minimum pointing elevation of 9°, and 45 min far the

snapshot. The lengths of the (1, v) axes from the origin represent the maximum distance of Thomson, Moran &
an antenna from the array center, that is, 21 km for the largest configuration. From Napier, Swenson 2001
Thompson, ard Ekers (1983), (€)1983 IEEE.
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CLEAN

I. Compute the DM and the DB by standard Fourier inversion methods. The weights g should be chosen in
such a way that the main lobe of the DB becomes a good fit to the selected CB.

II. Subtract over the whole map a DB pattern which is centered at the point at which the DM has its
maximum absolute value |I,| and which is normalized to yI, at the beam center. The fraction y will
be called the loop gain.

III. Repeat step II, each time replacing the DM by the remaining map from the previous iteration. Stop
the iterations when the current value of I, is no longer significant in view of the general noise level
on the map.

IV.Return to the final remaining map all those components that were removed in step II, but do this
in the form of clean beams with the appropriate positions and amplitudes.

Hogbom (1974)

CLEAN: two sincs with noise

cleanDemo.r

cleanl.dat
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Dirty map - Dirty beam - Max. channel
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Dirty map - Dirty beam - Max. channel
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Dirty map - Dirty beam o Max. channel
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Dirty map - Dirty beam - Max. channel
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Dirty map - Dirty beam o Max. channel
- = © AR .
2 i ssl N A
@ o 2 2 &
= = = F=a
S T _| = @ | \ \‘
= o = I B ;
=% =4 C o |
E g ™ T | f
S =] T = E -
=gk VY
- o 2] | Vo
1:_ C|'_ - +* & +* » * * *
@ T I ] I I ] I ] I ] I I I I ] ] T
0 50 100 200 0 50 100 200 2 4 B B 10 12
Channsl Channsl leration
Residuals rms Clean components - Clean beam
= o » — ]
*
=t hS Lia] w
s " g o E=n
w - = - 3
E : s 3 3
= s ‘\. E‘ =] g_ o
S| *e o] == W A
_ ‘. = TAVATITS YT
- o~ W W
Q9 | *ts, = _| o I
o 1 T T T 1 = T T 71 T T T 1 T T 1 1 T
2 4 8 8 10 12 0 50 100 200 4] 50 100 200
lteration Channsl Channal
Clean comp. conv. clean beam Residuals Cleaned map
2— o4 E_
=
o | _
z = o =] Z o |
E El > <
= = _| = =
=9 = [~ ]
g° £ 2 £ o
L ooy = < 3
=] —
= —
= _] ' o
= T T T T T T T T T T S T T T T T
0 S0 100 200 0 50 100 200 0 S0 100 200
Channel Channeal Channal
Dirty map o Dirty beam = Max. channel
=] = * *+ =
we_| _ | * .‘ -
L] —_
o - s O 3 \ [\
B v 3z g | \
= 2 = ] £ |
E - £ o : 5 |
L O_| < O | E - | \‘
= _ = — j ||
o 2 I I
=T = f L II - * - » =
o I I I I I I I I I I [ T e A N
0 50 100 200 0 50 100 200 2 4 6 8 10 12 14
Channel Channel Iteration
Residuals rms Clean components o Clean beam
* * -
o
_ \' o a
= | S © = _
@ = "'- :% S :% =
E 0 = —_— =
fel 23 2o
= ., < o < e d
— - =] — BT S
- 'y Y
8_ T, = =2 g vl
= (. [ I I =2 [ I [ I [ o I I I I I
2 4 6 8 10 12 14 0 50 100 200 0 50 100 200
Iteration Channel Channel
Clean comp. conv. clean beam Residuals Cleaned map
©_| o | E
L] =
T = T o k=] g—
= = =
= = =
E Em E .
<z < < o
=7 r
=|_ -
= &
=T I ] I I ] I ] I ] I = I I ] I ]
0 50 100 200 0 50 100 200 0 50 100 200
Channel Channel Channel

13



11/16/2016

Amplilude

0 04 048
I R
Amplilude
-0.2 0.2 0.6
I R
Max. channel
130 140 150
L1 |

rms

Amplitude

00 02 04 06 08
| | 1 |
Amplitude
-0.1% D.00 010 0.20
T T T
Amplitude
0.0 0.4 0.8
I I

Dirty map - Dirty beam o= Max. channel
- = © + + @
o | * = B
[ ] —
o o & 2 8- \ "
= = = F=a |
= T _ =] @
£s - § /
£ E i 3 a |
< 9 < = g~ } I
°“”“”W =11 |
— o = —
- > 7] e +4 4 4 % & % 0w
A I ] l l ] I I I ] I I ] ] I I I ]
0 50 100 200 0 50 100 200 2 4 6 8 10 14
Channsl Channel leraticn
Residuals rms Clean components . Clean beam
= ] — ]
w
_ \' = _
<+ 5 ©
v — - @ 2 @ —
w = \“ g e E D
£ — ' = o =
T2 ‘. E S g o
= . < < = dh
— . o] -'-|'_,‘|' .l,_ FATA ATV
© ™ ™ W hl
24 bl < o LI
= | [ B = T 1T T T T T O T T | | |
2 4 6 8 10 14 0 50 100 200 4] 50 100 200
Iteration Channel Channal
Clean comp. conv. clean beam Residuals Cleaned map
@ & I
=] =] -
© = =7
B8 O] S o 3 -
= 2 4 =2
3 24 28 83+
E° g S £
< o < = _| <
= =]
o = <7
oy T T S T 1T T 1 T T T T
0 50 100 200 0 S0 100 200 Qg S0 100 200
Channel Channeal Channal
Dirty map o Dirty beam = Max. channel
=] = s @

==
il
4L

i
\

et

'ﬂ:_ e -» -» » L 4 » L4 »
2 | | | | | | | | | I 1 | |
0 50 100 200 0 &0 100 200 5 10 15
Channel Channel lteration
Residuals rms Clean components o Clean beam
‘\ © | L ] —
1o. o _
=X 5 o=
e [ 3 @ @ o =
=l 5e i
- = = = ]
2 ] E‘ o g g _|
3 - <
= .-' L g_ =< i _ ' 4 . —
= Ye., o T VT
] s =2 = vl
= [ e = [ [ [ [ [ o I I [ [ [
5 10 15 0 50 100 200 0 &0 100 200
Iteration Channel Channel
Clean comp. conv. clean beam Residuals Cleaned map

I I I I I I I I I I I I I I I I I
0 50 100 200 0 50 100 200 0 50 100 200

Channel Channel Channel

14



11/16/2016

Dirty map - Dirty beam o Max channel
. — 0 —
m_ - - | T -+ & @
S . 1
© o 2 2 &
-] = o F=ah I
S T _| =] @ _|
= o = I R
[= % O Qo=
E o ;o
S =] T = E -
— o~ = | |
- o = * I- * » -
S T T T T T T T T | | I
0 50 100 200 0 50 100 200 5 10 15
Channsl Channsl leration
Residuals rms Clean components - Clean beam
= ] — ]
A o
- = —
-+ i o
b * @ O _| a o —
2] = \‘_ g i E D
E o + 2 <_| =
—_ * E = g o
=] ‘o =< o™ e RN
_ * y | 'I. " .I PATAY
. l._" = o ! O
g_ tee g < l.:l> ] LA
T T T = T T 71 T T T 1 T T 1 1 T
5 10 15 0 50 100 200 4] 50 100 200
lteration Channsl Channal
I lom mum om o e o o - T ommimds somlom r"‘-l-—_— -—
wicdll CUITIR. CONV. Licall bcda mEsiuudls ‘wicdlicu ap
o E ]
=N S 0 _|
© — =
L] . @ w0 a _
i ER=S E
= Y- = - 2 -
E - E D £
< o | < 2 = |
o v o
o 1o} o ]
o4 T T T T SH T T T T T T T T T T T
0 S0 100 200 0 50 100 200 0 S0 100 200
Channel Channeal Channal
Dirty map o Dirty beam 2 ; l\flaix. channel
o - - | |l s & 8 2
@ | e
g . 2 37 28| | | |\ |
= 3 [}
E o = = ,
B - 2o S 2- / |/
<o < S 8= |
=" | = \
™ =g
= _| =] = 5 = = = » dlp - !I' -
o I I I I " I I I I I I I I
0 50 100 200 0 50 100 200 5 10 15
Channel Channel Iteration
Residuals rms Clean components o Clean beam
* * -
N w
" ) _| _
S I = o
=7 g g3
w _| * 2 = _|
E * = 5 =
=2 o E‘ = g o
< % =< <> gt
- - -  E——
g -.. o Y TR
d Ll F P8 = = v
= 1 I 1 * =2 [ I [ I [ o I I I I I
5 10 15 0 50 100 200 0 50 100 200
Iteration Channel Channel
Clean comp. conv. clean beam Residuals Cleaned map
Iy
= S| @ _
oo 1, ] =
8 o S 24 g -
= S o =
= 5 = =
o o =4 — 5 =
E® E & =
< < S < T
:;_ ! — i:)l
= 2 =
=T I ] I I 2 T I ] I ] I I I I ] I ]
0 50 100 200 0 50 100 200 0 50 100 200
Channel Channel Channel

15



11/16/2016

Dirty map - Dirty beam o Max. channel
- = LT s s e
) | | L ] ﬁ * ® &
= —
@ o © 2 2 \
=) b-= Fali / ;I
= T _ =] @
E o = — - 1
[= % O Qo=
E o ;o
L o T = E - , \
= = —
N o 2 | I
< _| o] — 4% % % % % % % & w»
S T T T T T T T T | | |
0 50 100 200 0 50 100 200 5 10 15
Channsl Channsl leration
Residuals rms Clean components - Clean beam
= ] — ]
%
— (1 2] —
hi3 % s ©
s | * T - g S
» _| - = 3
E - = =
=2 ., E S g o
o - =TI < = i ]
] - — T i FAYEY,
© s, o I EITEEES
=N | | ”T“" 2- E"._| I R B —
T T 1T 1T 1T T
5 10 15 0 50 100 200 4] 50 100 200
lteration Channsl Channal
Clean comp. conv. clean bea Residuals Cleaned map
0
S = o _|
— =
(=] o
= = | = |
= [=% 2 o
E S = £
= o < g7 <
o — =
= 2| =
= T T T T = T T T T T T T T T T T
0 S0 100 200 0 50 100 200 0 S0 100 200
Channel Channeal Channal
Dirty map o Dirty beam 2 . .Mji}(. channel
@ | '__ —_ | P 1 s e @
L] —_
o - o 9 28 ﬂ |
S = 3 g
< - 5o i
] ™ il
E: o _ E © - J ‘ /
= it ] “el i
™ =g
= _| :ID f!;;!!;!!!!!
o I I I I I I I I I I I I I I
0 50 100 200 0 50 100 200 5 10 15 20
Channel Channel Iteration
Residuals rms Clean components o Clean beam
* * -
!
— 15] —
2 “ © o
70" 2 g3
w - = =
E ™ = =
=2 . g 3 g o
= ‘l =X < = " .
1 - . _ LI
© l.- - Ty T
= ""‘l‘i =2 = (N
e I I 1 T =2 [ I [ I [ o I I I I I
5 10 15 20 0 50 100 200 0 50 100 200
Iteration Channel Channel
Clean comp. conv. clean beam Residuals Cleaned map
" s
= | — o _|
T =
o @ [ a3 |
ER - E
a3 < a a -
E E 2 =
e . =y ':.' s -
< - =
= ie} =
=T I ] I I ‘:,' ] I ] I ] I I I I ] I ]
0 50 100 200 0 50 100 200 0 50 100 200
Channel Channel Channel

16



11/16/2016

Dirty map - Dirty beam = Max channel
— = 2 .
w© _ | * L]
= —
@ o 2 2 2 \
= - @ c -
= T _| S @ | |
= o = I R
[= % O o o
E E ™ . - —
T g T @ 8- \
= = n
1 =
o (]
- o - l LR N N R B 2
2 T T T T T T T T | | T
0 50 100 200 0 50 100 200 5 10 15 20
Channsl Channsl leration
Residuals rms Clean components - Clean beam
= ] —
5
-+ .\ = ©
prt I L] L ST
=] . =] — - O
» _ * = 3
Eo * 2 < | =
- “ Eo E ™
(=] » =TI < = i 1
m_ 'l‘ 7 'I'_.‘,'l u'." FRYArgvy
- iy 4
= - "..*.‘- o ™~
* - — (=] L
© T | T T =T 1 T T T 71 O T T T 1 T
5 10 15 20 0 50 100 200 0 50 100 200
lteration Channsl Channal
Clean comjp. Conv clean beam ) Residuals Cleaned map
; I
w0 — o’
= o =
s - S 2 s -
E: 2° E
= = — = =t
[~ = [~ !
E o £ & | E°
£ < o <
] — S _|
o o e
=T | T T | e | | | | | | T T | | |
0 50 100 200 0 S0 100 200 Qg S0 100 200
Channel Channeal Channal
Dirty map o Dirty beam 8 Max. channel
— ] =1 * & *
w | | - 8 » l L ' *
L] —_
s - s 9 S B
B v 3 ° s
= o = £ o /
o o
- o™ . -
E o _ g5 &~ \/
= i = l
. 3 ! U
=T = 'v-ﬂltntn'rnt,
g7 [ [ [ [ " [ [ [ | [ [ |
0 50 100 200 0 &0 100 200 5 10 15 20
Channel Channel lteration
Residuals rms Clean components o Clean beam
* * -
5
— 15] —
-+ .\ S o
P 2 &<
w - - = =
E o . a <« a
< ., E o £~
= - =X =L = Ak
] ‘. - — o - I| o e
© ., 'I'-'| |‘l,_l.,-_-..’._..
2 LT TP =2 ; vl
[ 1 | =2 [ [ [ [ [ [ I I | [ [
5 10 15 20 0 &0 100 200 0 50 100 200
Iteration Channel Channel
Clean comp. conv. clean beam Residuals Cleaned map
| . )
= D =
(]
3 - S = s -
E 2 - 2.
[~ 4 O f= .
E o7 £ 3 E°
s < o = —
] - =]
= © =
=T | | | | S 7 | | | | | | T T | | |
0 50 100 200 0 50 100 200 0 50 100 200
Channel Channel Channel

17



11/16/2016

Dirty map - Dirty beam Max. channel
— — ] — -
W I =
(] N
8 g S g7
é;_ g | ED_ .Ill..llllll * ®
=1 2 e E24 \ f i
E E O % = |
cl::i_”q”',”'lﬂ" T = o / /
= = - /I 1
1 o %_ |I |I !
- o EEE P A A I BN N R T
S T T T T T T T T T 1 | | I |
0 50 100 200 0 50 100 200 5 10 15 20
Channsl Channsl leration
Residuals rms Clean components - Clean beam
= ] —
5
— (1 2] —
+ | " o
T © o O
=] . =] — - O
» _ + = 3
Eo * 3« =
~ *e E o E o
= - < < = .
@ .I‘ 7 -"I'_.‘,'l u'." FRYArgvy
- iy 4
g_ “""**-ua =] g_ i
1 T = T T 71 T T T 1 T T 1 1 T
5 10 15 20 0 50 100 200 0 50 100 200
lteration Channsl Channal
Clean comp. conv. clean beam Residuals Cleaned map
w0 o
= (Tn] =
[
s - = o s -
= = =2
= = = =t
-+ -
E o g 8_ £°
=L < o = |
] - S _|
<) o =
=T | | | | S | | | | | | 1 | | |
0 50 100 200 0 50 100 200 0 50 100 200
Channel Channeal Channal
Dirty map o Dirty beam Max. channel
— - S
@ _| — 2 '
L] —_ 2 — |
2 & S = |
= 3 [v] T R esus aa
=E e = S I 1
: - : s 22 |
. —4 —
< o_| L © E /l
= _ = — I
[ oy 2 " !
< | = E b resen i,
27 I I I I o I I I I I I | | I I
0 50 100 200 0 50 100 200 0 10 20 30 40
Channel Channel lteration
Residuals rms Clean components o Clean beam
* * -
!
— 15] —
- | " S =
s 1" & g o
w o ® = =
E - = =
Eeol % 2 3- 2o
e *a =X =< @ .
N % 1 — AT - . FETET T
g_ !h £ R Ui
= =2 — = vl
I I I I =2 [ I [ I [ o I I I I I
0 10 20 a0 40 0 &0 100 200 0 50 100 200
Iteration Channel Channel
Clean comp. conv. clean beam Residuals Cleaned map
g_ el _ i
=
& @ 2_ @
=] - = = -
=1 = ] =
- ss sz
= E ©4 E°
< = 2 < -
- = o
= = =
o 2

I
0

I I I I
50 100 200

Channel

I I I I I I
100

Channel

0 50 200

I I I I I I
0 50 100 200

Channel

18



11/16/2016

CLEAN: experiments with gain,
region, and iterations
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Figure 1 Example of a baseline coverage obtained with the Green Bank Interferometer. The measured pomis have been mirrored
through the origin w give o better impression of the overall structure.

// = = G
%0 0.0,

Figure 2 The “dirty beam™ corresponding to the wr coverage shown in figure 1. Contours are drawn at 5 10, 15, 20, 30 e %
of the beam maximum (top center). No distinetion has been made in the figure between positive and negative contours; half of the sidelobes
are i fact negalive.

Figure 3 Tllustrating the effect of the CLEAMN procedure on measurements ai 2605 MHz of the radio source 3C 2441 taken with the
W coverage shown in figure 1. Contours are drawn atl the same intensity eatios as in figure 2 a) the “dirty map” b) cleansd map
after one iteration with the loop gain y=1 and subsequent retiern of the clean beam, ¢ same, but after two iterations and the return of
the two clean beams The north preceding component is extended and there are some weaker components present, d) & iterations.
The further improvement here 15 due o the cleaning of the sidelobes from the less intense features that remain after the two first iterations,
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