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Assuming ldentleal antennas, we have shown In previous lectures that an interferometer measures the
visibdlity funclion

Vi, v =‘f Biz,u) Tiz,y) e 5029 ey (13.1)

ot an emsemble of polnts (), 1 = 1,5, where Bz, i) 15 the power pattern of the antennas and Tz, i)
the sky brightness distdbution

The Imaging proeess eonslsis In determining as hest as possible the sky brightness e, 3). Sioce Eqg. 131
15 a comwplution, the Imaging proeess will Invelve decomvolition technigues.

Let S(w, v) be the sampling (or speciral semslidvity) lunction

Sl v # 0= H e Lnlugw) = (u, )
S{uv) =04 %€ Ln(ugv) # (u, v) (13:2)

The speciral sermsitivity Iunetlon 5 contains Information on the relative welghts of each visibility, sually
derived [rom theoretical molse.
Let s define

iz w) =Lﬂ' S, w) W, 0) Vi, ) @505l gy (13.3)

wiliere W [, v) Is an arblirary weighting fusction. Since the Fourler Tramslorm ol a product of two Tmet lons
s the commlution of tle Fourker Transomes of the lunetions, L (2, g) can be ldentified with

T lz, w) = (B2, ) 2,00 (D (2, 1)) (13.4)
where

Dy (2, 1) =ff S, w) W (u, v) 30540 gy gy = SW (13.5)
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Dz, w) s called the dirly beam, and s divectly dependent on the cholee of the weighting function B, as
wiell a5 on the spectral sensitvity Tunetion 5. (2, ) 15 sually called the dirty lmage.

Fourler Tramsform, which allews to directly derbee Iy fom the measured visibilitles ¥V and spectral
senglivity Tunctlon 5, and Deconvolut lon, which allows to derive the sky brightness T rom f,, are this
two ey Issis In Imaging (e Eq.13.4).

13.1 Fourier Transform

The first step In Imaging 1s to evaluate the dirty Image, sing Fourler Translorm. Several technkges are
avallable.

13.1.1 Direct Fourier Transform

The slmplest approach would he o directly compute sin and cos Tunetions in Eq. 134 or all combinations
of visihilitles and pixels in the Image. This 1s stmightorward, but slow. For typleal data sel from the
VLA, which contaln up toe 10F vidbilties per bour and wually require large images (1024 = 1024 plxels),
the computation ime can be prohibitbee. On the other hand, the TRAM Plaieay de Bure interlerometer
pduces about 1Y visikilities per synthesiz, and only requive small images (128x 128), The Direct Fourler
Translorm approach could actually be efficlent on vector compuiers for speciral line data from Plaieau de
Bure interfergmeter, hecamse the sn amd oos nctions needs 1o he evaluated only onee Tor all chanpels.
Moregver, the method B well sulted 1o reaktime display, singe the dirty lmage can be easily updated for
each mew vislhility

13.1.2 Fast Fourier Transform

In practiee, everybody uses the Fast Fouder Tramsform because of s definite speed advamage. The
dmwhack of the methods 1 the need o regrid the visihilitles [which aw measumd at arblirary points in
the [, @) plane) on a regular grid 1o be able o perform a 2-D FFT. This gridding proeess wil Introdoce
some distortion in the dirty image and dirty beams, which should be cormected afierwards. Moreover, the
gridded visihilitles are sampled on a lnlte esemhble. As diseussed In more detalls below, this sampling
Introd pees allasing of the dirty Image [amd heam) o the map plane.

13.1.3 Gridding Process

The goal of gridding 1s to resample the vEiblites on a regular grid for subsegquent 1se of the FFT. Al
each grid point, gridding lnwolves some sort of interpolation from the values of the nearest visihilites.
The visibilitles belng aflected by molse, tle Interpolating lunetlon needs not it exactly the ofginal data
poinis. Although any nterpolation scheme could a priorl be wed, such a5 smoothing spline Tunetlons, it
s customary 10 1=e a sonvolulion techogue to perform the gridding.

Using a convolution b jistified by several arguments. First, fom Eq.13.1, V = BT = Bwl. Hence V B
already a comvolution of a [nearly Ganssan) fmetion B with the Fourier Tmmsform of I, Nearly vishilities
are not Independent. Second, as mentioned above, exact Interpolation not desivable, dnee original data
polnts ave modsy samples of a smooth funetion. Thivd, i the widih of the eonvoliotion kerme] ised n gridding
is emall compared 1o B, the convolution added in the gridding process will not significanily degrade ihe
Inlgrmation. Last, but mot beast, 1t B actually possible to correct lor the effects of the convelotion gridding.

To demonsirate that, let &7 be the gridding comvolution kemel. Eq.13.3 hecomes

2GS x W xV) (13.6)
P 2Ges(SxWxV) B=Cx(SWal) =Gx1y (13.7)
DE2Gas(Sx W)  DL=0x5W (13.8)

3
LB imn (13.9)
G &
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Thus the dirty image and dirty beams are obtalned by dividing the Beurler Tramslorm of the gridded
data by the Fourler Tramslorm of the gridding Do tioon.

13.2 Sampling & Aliasing

Sampling on a regular grid B equivalent to mulitiplying by a series of periodically spaced delia Tunctlons,
ar the so-called shab Tunetion:

1 W i
|E]I]I[E:| = Z Sl — k) (13.10)
= —
The Bourler Translorm of the shab lunetlon abowe B tle shab Tunetion
Mljzdu) = —— i Sz — Ty (13.11)
Fayy] e Fat

Henee, sam pling the vEbDites V omesulls In comvolving its Fourler Trandom 7 by a perledic shab
function, Thi comvolution reproduces in a periodic way the Fourler Tramsform of the visihilites 7.

If the Fourker Tramsform of the veiblites ¥, le. the brightness ditribution BT, has finite support
AX the replication poses no problem provided the support B smaller than the periodicity of the shab
Tumction, le.

(Au)~ = (AX) Au = (ax)! (13.12)

If mot, data outside [(Aw)—! are aliased in the imaged area [Au) L.

In aperture symilesls, Andte support B ensueed 1o first order by the nite widih of the antenna primary
heam I, However, sirong sourees in the antenna sldelobes may he allased i the imaged area B oo small.
Muoreover, the nolse does not have findie support. White nodse In the we plane would result in white molse
i the map plane. In practice, the nolse o the wi plape & mot completely white, However, 1t 18 support
limited [slnee only a fnite reglon of the we plane is sampled Inany experiment). A¢oordingly, 1ts Fourler
Transform in the map plame & oot support limited. Nolse allasing this oocws, and podueoes an Inereased
noke level at the map edges.

13.3 Convolution and Aliasing
The combination of Gridding and Sampling prodisces the we data set
u s
W, oI —, — a5 H =W 1313
m = g 5o % (Gl S x W x V))u v) (13.13)
IIT = 7 w5 = B 2 000 0 A ) [13.14)

which analogous with Eq.13.6
The Fourler Translorm of this wi data set is

Vin = I[zAu,pie) w7 x (W = V (13.15)
= L5 = (5 +=[ B (13.16)

Vi 1 ths the sky hrighiness muliiphed by the primary beam (B, convolved by the the dirty beam .'i-_'ﬁ-’,
ihen multipled by the Fourder transform of the gridding finetion F and periodieally replicated by ihe
gonyvolition with last Shah lnetion).

Accordingly, allasing of 7 in the map domain will this ocenr. Kote at this stage that, providing allasing
of &7 remains pegligihle, an eaet convelutbon equation ls preserved

V -
M — W BT (13.17)

G
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The gridding lunetion will this have to be selected to minimlse allasing of 3. This eriterion will depend
an the Image Adelity reguived. Obvimsly, i the data B wery molsy, allasing of the {7 can he completely
negligihle.

Furthermore, the welghting Tunetion U7 s uswa ly smooth, while the gridding fuseton 7 B a melatively
shamp lmction (slnee it ensures the re-gridding by ¢onvolution fom neardy data polnts). Ths, to st
order {7 07 = W, and we could rewrlie Eq.13.14 as

Ve =TI x W x [(F*(5x V1) /[ Audv) (13.18)

Henee, the welghting can be performed after the gridding. The clolee of welghtlng belore or alter gridding
Is essentially based on computational speed or algorithmie slmplicity.

Let us focis on the cholee of the gridding Tmetlon. The gridding lmetion will be selected according
1o the Tollowing prineciples:

1. small support, typleally one or two oells wide [ Do),
2. small aliasing.
3. [ast eomputation.

Poinis 1 and 2 are eontradictory, sinee a small support for & implies a large extent of & Some
e prom ke s regudred. For slmplicity, gridding lunctioms ave useally selectod among those with separahle
variables:
Gl v = Gy (w6 (w)

although this breaks the rotation nvarlanee.
The simplest gridding lunction & the Rectangular functlon

1 i
Glu) = EH[EJ' (12.19)
8z = % (13:20)

wihere I is the wnit rectangle hmetion, Obvimsly, allasing will be Important, since the sine luneton falk
afl very slowly.
A better cholee could be the Gawssian funet lon

— 1 —jufasu®
Glu) = YW (1321
Giz) = e-iva=aup (1323)

By proper selectlon of a (not too small, mot too lage), & compromise hetween oom putation speed [betier
for small o) and allasing (better for large o) can be lound. o =2/ Infd) =075 & a standand ¢ lodoe.

However, a (Gaussian still has fairly significant wings, & should ideally be a rectangular function (1
Imslde the map, (0 outslde ). 7 would be a sine Tunetion, bt this falk off too slowly, and would meguive a
lot of computations in the gridding. Moveover, the (unavoidable) truncation of ¢ would destroy the sharp
edges of { anybow. Henee the ldea to use an apodised version of the sine lunction, the Gausslan-Sine
fumetlon

&l aly
nuf(adu) o fgan)®

Gl (1323
Giz) = MiazAu)* (7 8Aue—tmizaul) (13.24)

It prowldes good performanee for o = 155 and 7 =252

The empirical approaches mentioned abowe do not guaraniee any optimal cholee of the gridding Tone-
tion. A completely different approach & hased on the desived properties of the gridding hmetion. We
actually want {7 to lall off a5 quickly as possible, it {5 tobe support Imited. Mathematically, this defines
a class of lunctlons known as Spheroldal functions. Spleroidal lunctions are soluthons of differential
equations, and cannot be expressed analytieally. In praciice, this s not a severe Imitation since numerical
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representations can be obtained by tabulating the gidding lunetion values, Glven the limited mimerieal
apeiracy ol the computations, the tabulation does ot require & probihitively fine sampling of the gridding
Tunction, and ls quite practical hoth in term of memory 1mage and computation speed. Tabulated values
are sed in the task UV _MAF.

Note that the finlie accuracy of the computation may wWtimately Imit the Image dynamie range.

13.4 FError Analysis

We thus suceeeded 1o preserve a convolution equation, with the slight restrictions dee o the allasing and
gridding eorrectlon. Let s explore now what erors or syslemalic effects may appear In the image plane.
First, comslder the nolse. Allasing increases the nolse level at the map edges (by polse aliasing and then
by the gidding cormec tion slnee this amounts 1o divide by the Bourler Transform of the gridding Dt ion,
which Is unity at the map center, bt smaller at the map edges). For example, the molse Inereases by a
factor [#/2)* at map corners Tor the Gasslan-Sine lumction. Near the map center, the effect Is moglgihle.
Mote that for a given feld of view, the molse Inerease can be arbitrarily limited by making a suflielently
large Image, hut the has a high oomputa tenal price.
Concerning errors, i B imporant to separate two main ¢lasses of ermors.
Additive errors
The Fourler translorm belng linear, additive errors result In artificial sructure added 1o the trse map, eg.
- A gingle spurkos vislbility will produce Tinges In the map
- An addithve real term [correlator offset), will prodsce a polnt smree at the phase tracking ¢enter.
MMultiplicative errors
A mudtiplicative term on the viEIb@ity distoris the Image, since

Vi, ©) 2 efu,v) +— Tz, y) 22z, 5

Le. the map B comaolved by the Fourler tramsform of the error. Calibration errors (in phase or amplitude)
are of this type. Among these, the seelng should not be neglectad.
Phase callbration erpors result In antey mmetde patierns.

13.5 Weighing and Tapering

There & still a e parameter n the Image constmiction process: the welghting lunetlon, At e tahle
creation, the sampling funciion is delined as

S(u,v)= (1325)

o (u, v)

where 1he molse & I8 com puted rom system tem perature, bandwldil, integration time, and system efliciency
[Including guantization and decorrelation).

jI'T l
o, p) = ———— (1326
Tt E iy
T belng the antenna temperature to dux density conversion [aetior:
2k
= 1327
= (1327)

The welghts W uw,v) can be reely chosen. The selecting of weights & wsually depomposed In two
slightly different prooesses, called Welghting and Tapering.

Welght ingg dea ks with the Jocal variations of welghts lor each grid cell alier the gridding process. Since
the original wir coverage i an ensemble of ellipses, the gridding may leave a welght distribution with very
large dispersion. Welghting can be applied to uniformize the distribution.
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On the other hand, Tapering consits in apodiging the we coverage by Tlu,v) = expi—(u® + /1%
where £ B a tapering distance. The corresponds to smoothing the data In the map plane (by comaplution
with a gaussian).

The sim plest pessihility, called Matural Welght lng, without taper 5 o keep the original spectral
sengltivity Iunetlon by setting B (w,w) = 1. This can be demonstrated to maximize sensitivity to podnt
goures (Le. sourees smaller than the synthesized heam). Proper design (and use) of the army can ensure
that the resuliing syniheslzed heam ls appropriate, In terms of slze (angular resolution maiched 1o the
selentific goal) and shape [lowest possible sidelobes).

IT the soirees of Interest are somewhat edended, tapering can be used to nerease brightness sonsl-
tivity. Tapering ako has the advantage of lowering the sidelobes. Howewver, tapering 1s always throwling
out some information, namely the long haselines part of the data set. Henoe, it should e 1sed elther with
modemie tapers, or as a complementary view on a data set. To Increase brightness sensitvity, one should
use prefemntially eompact arrays rather than tapering.

Uniform Welghting consisis In seleoting the welghts B [w, ) so that the sum of welghts 30 = &
ovier 8w oell s a constant Tunction [or e i no we data exkis In that cell). The size [radius) of the we
¢ell Is an arhitrary parameter. It can he the cell slee resnliing from the gridding process, Le. the nverse
ol the feld of view, bt any other clolee s possible. Using hall of the dish diameter 1s well jistifled, since
the vEIblites are comvplution of Fourler tramsform of the sky brighimess by the Fouder tramsform of the
pimary beam. Uniform Welght lng gives more welght 1o long haselines than natural welghting |becapse
you gpend less time per we oell on long haselines than on short haselines for earth synibesis). Undforo
Welghtlng produces smaller beam. Beeause it fills the we plane more regularly, Undform welghting ooeld
be thought also to produce lower sidelobes. However, becase of the diseontimdiy of the welghts at the
edge of the sampled portion of the we plane, the nmer skdelobes tend 1o be Inereased, unkess some tapering
s pombined with Tniform welghting.

Robust Welghting 5 a warlant of uniform welghting which avelds 1o give oo msch welght to a we
oell with low matural welght. There are several ways 1o Implement such a scheme. Roughly speaking, i
the sum of natural welghts In a oell 1s less than a theeshold, the welghting & unchanged, i it I8 more, the
wielght Is set 10 this threshokd. Let 5, be the natural welght of a cell, and 5 a threshold for such welghi.
Robist welghting could be implemented by selecting the welght W oas

s hveW =1

w2 W=58/8 [1328)
o a4 mone continos formala 1ke
Ww=— Lt (13:29)

V1+53/5

Robust welghting combines the advantages of Watural aml Tndform welghting, by nereasiog the mes-
olution and lowering the sldelobes without degrading oo mich the semsitivity. By adjusting the threshold,
it approaches either case (large threshold +— Natural, small threshold +— Uniform).

Welghting and Tapering reduce polnt souree sensitivity by

v E e WS TW) (1330

13.6 The GILDAS implementation

We have now introduced the hask parameters of the imaging process: gridding, welghting amnd tapering.
The main imaging task in the GiLpas soliware 1s UV MAP. Belore 1sing UV MAP, It B ako recom mended 1o
use ithe associated task UV STAT which evaluates the beam slzes, polnt source and brighiness semsitivity as
Tunction of taper or robust welghting parameter.

Although the c¢holee of configurations for the Plateay de Bure Interferometer has been performed in
arder to optimize the we coverage lor most ohserving conditlons, robust welghtlng can often offer a hetier
com prom e, unless signal to molse s nsuficlent. Task UV _STAT also sugeests appropriate pixel slwes for
UV _MAFP

The imaging task UV MAP B controlled by ihe Iollowing parameters:
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« MLP SIYE
The npumber of pkels in each direction. This should he powers of 2.

« MAPCELL
The pixel slee, in arceecond, In each direction. It should mspect proper sampling compared 1o the
synthesized heam widih., In praciiee, 3 - 4 pixek per beam widih are required. Task UV _STAT can
oo pate the optimem valee for ths parameter. Note that the imaged avea 1s MAP SIZE = MAPCELL

« MCOL
Fuor gpeciral line data, the first and last chanmel 1o be Imaged. [(,0) means all daia.

= WCOL
The ¢hannel from which the natural welghts 5 are taken. UV MAP prodeces only one heam lor all
chamnels [by defanlt, there ls an alternate optlon lor experts). WOOL = O ls eguivalent to WOOL =
(MCOL[ 1]+MO0L [2] ) /2.

# WEIGHT MODE
U for Uniform or HA for Mat weal welghting, UNilorm welghting & actually 8 Robust welghting in
UV _HMAP.

« UV CELL
When UNilorm welghting ls used, UV CELL[1] Is the UV cell diameter (In meters), and UV CELL[Z] &
the threshold Ior robust welghting: | cormesponds to the mean natural welght of all eells. UV CELL[1]
should mormally be 7.5 m lor Platean de Bure data.

« CONVOLUTION
ThE & the eomvoluton iy pe for gridding. Clolees are offered lor test purposes, byt CONVOLUTION =
& [Hpherpldal) givwes best resulis.

The otler parameters are wsed o re-gemter the map (by phase shifting the we data belore Imaging)
when meeded. This s convenlent lor Mosales, UV MAF performs all the Imaging steps presented helore:
gridding, welghting, tapering, correction for gridding fupction, and computes the dirty beam and diriy
image.

Both UV_STAT and UV MAP are Implemented as commands in the MappPiva program, or as tasks available
from the GrRapHIC program. Using one or the other B a matter of personal preference.

13.T Deconvolution

The first imaging step presemted belore leads 1o a conwolotion eqea tion whose selution s the comeaoliotion
pmduct of the sky brighiness distribution [apodieed by the Interferometer primary beam) by the dirty
heam.

To derlve the astronomically meaningful result, Le. Ideally the sky brightmess a deconvelution B
required. Deconveluton 1 always a non linear proeess, and reguires [In one way or anotler) o Impose
somee ponsirainis on the solution, or in other words 10 add some Information, 1o better select plausible
solutions, Such additdonal constrains can be explicit (eg. positlvity, or ser specified finite support) or
qualitative.

13.7.1 The CLEAN method

The standard decomaplition technigue, CLEay rells on sich a qualitative comstralnt: i assumes that the
sky brightmess Is essentially a emsemble of polnt spurees (e sky Is dark, ut full of stars). The algorithm
which dedwes rom such an assumption s stralghtlorward. It 1s & sdimple “matching pursudt™

1. Initialize a Residual map to the Dirly map

2. Initialize a Clean componend lisl Lo mero.
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3. Assume strongest feature In Residual map originates from a polnt soumee

4. Add a raction 5 [the Loop Gain) of this polnt souree to the Clean com ponend Bst, remove the same
Traction, comvolved with tle dirty beam, Trom the Residual map.

. tle stromeest feature In the Residual map s larger than some threshold, go bhack 1o polot 3 (each
sipch step B called an feration).

&m

G I the sirongest feature & below threshold, of i the mumber of lleratlons N I8 too large, go 1o
point T.

T. Convaolve the Clean componend Bt by a properly chosen Clean Beam [(thi 15 called the restoration
step).

& add to the result the Residual map to obtaln the Clean Map.

The CLEaN algoriithm as a mumber of e parameters. The loop gain eontrok the convergenee of the
metled. In theony, 0 <4 < 2, but In practice one should wee 4 = (L1 — 02, depending on sldelobs levels,
soume structune and dynamie range. While high values of 5 would in principle glve [aster oonvergenos,
since the remaining flux is & (1 — =)= i 1le object & made of a single point souree, deviations from an
ldeal comvoluilon equation force o 1se slgnificanily lower walues in order 1o avold non Inear amplifications
of ervors. Sueh deviations from the ldeal comolution equation are unavoklable hecase of thermal molse,
and alsp of phase and amplitude errors which distort the dirty bheam.

The threshold for comvergence and mumber of Gerations define to which aceuracy the decomaoliotion
pmeeeds. I ls common practiee to CLEAN down to about the molse level or slightly below . However, in
case of strong soumees, the residuak may be dominated by dynamic range limitations.

The ¢lean beam used 1o the sestoration step plays an Important mole. It is sually selected as a 2-D
Gasslan, which allows the comwoelution to be computed by a simple Fourler tmmsform, although other
choboes oould be pessible. The slze of the clean beam s a key parameter. It should he selecied to match
the [lnner part of) the dirty beam, otberwise the Mux density estimates may be Ineorrect. To understand
this problem, let ws mote first that the unlis of the dirty Image are undelined. Simply, a 1 Jy lsolated
polnt souree appears with a peak valie of 1o the dirty map. This & m longer true [hecase of sldelobes)
il there & more than ome podnt souree, or a lortior], an extended souroe. The wndt of the clean Image &
wiell defined: 1t 1s Jy per beam, which can easily be eonverted to hrightness tempem ture from the effective
clean beam solld angle amd the oleerving wavelengih. Now, assume tle souree belng olserved s st
com posed of 2 separate point sources of equal o, and that the divty beam Is essentlally a GGausslan. Let
us clean the dirty image In sueh a way that only 1 of the 2 polnt sourees B actually ncluded in the clean
com ponent Ist. 0 we mstore the clean image with a ¢lean beam which Is, eg. twiee smaller than the
ariginal dinty beam, the fnal result will undoubtedly be odd. The secomnd souroe would appear extended
and have a langger lix than the frst one. Mo suwech problem appears i the clean beam matches the dirty
beam. Admittedly, the above e mple shows a prohlem which resulis om a combination of two efects: an
Inappropriate cholee for the ¢lean heam, and an insufflclent deconvolutlon. However, the sepond problem
always edsis (o some extent, hecaise of molse In the original data set. Henee, 1o minimize emors, it B
important to mateh the elean and dirty heams.

Note that In some clreumstances, there may he oo proper cholee. An example 15 a dirty heam with
narmew central peak on top of & broad “sheulder™. Small seale structures will be properly reconstriseted,
bt larger omes mot.

The last step in the CLEay method plays a douhle role. On one hand, it protects against Insufflclent
deconyvolution. Furthermore, since the residual image should be essenially molse I the decomsoluiion has
converged, 10 allows molse estimate on the deaned Image.

13.7.2 Interpretation of CLEAN

I CLEAN comverged, the Clean component st s a plausihle solution of the measurement equation [within
the nolse), bt 1t I8 not unigee.. Henee, because of comeplution by the clean heam, the clean image &
not & soluton. However, hesides allowing a reasonable defindtion of the Image unit in ¢ase of Inopmpleie
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convergence, there are two reasons 0 oomvalve by a clean heam. First, oonwolitlon by the clean heam
smpears ot artifacts die toextrapolation beyond the measured area of the we plame. This is an a posterbord
regularizatlon. Secpmd, the clean com ponenis ave loreed to meslde on the grid defined by the image. The
diEcreie representation has a8 mumber of limitations (eg. necessity of megatbee clean compoments, limited
appiracy die to the fnite slee of the compopent list), which are reduced by eonvolutlon by the clean
heam, hecause the clean image then has fnite resolution and can be propedy represenied on a dicreie
grid provided the Nyquist sampling ls preserved.

An Important properiy of CLEay Is that (to st order) only the lnmer gquarter of the dirty image
can be properly cleamed. This is easlly understond when dirty beam and dirty Images ave computed on
the same grid skee, singe a spuree at o edge of the lnoer guarter regquires knowledge of the dirty heam
sldelphes heyond the map slee 1o be decomaolved from the opposite edge. However, thks alko remains true
i one computes the dirty beam on a twice larger grid than the dirty Image: more than the Inner gquarier
can be deconyvelved, but heeause of allasing, the map edges can mewer e

Finally, CLEAN olfers a wvery simple way to impose lirther eomstralnts on the ¢lass of solution which &
apeeptable, hy allowing definition of & suppord This can be the standard [simple or multiple) Clean Boz
avallable in many mon nteractive implementations, or a 1ser defiped mask In interactlve Implementations.
The search reghon can even be modified rom eration to leration to help clean convergence. Such a
flexible support & avallable insde the Marriva program. Note however that the Clean Box or support
should mot be too limited: cleaning the noke ls meeessary oo (as well a5 Ineorporating negative Clean
UL Pne L ).

13.7.3 The CLEAN wvariants

The ariginal CLeay method is due to [Heghom 1974]. Several variants exist.

One of the most popular (CLARK) s due to [Clark 1980], and lweolves minor and major eyeles. In
Minor eycles, an Hoghom CLeax Is performed, bt with a truneated dirty heam, and only on the st
of brightest pixels. This search Is ast, hecause of the diry heam truncation and becavse of the limited
support. The Clan compoments Mentified during the minor ¢yeles are removed at onee by a FFT during a
Major ¢ycle. Beease removal Is dome by FFT, slightly more than the Inner map gquarter ean be eleaned.

A sepond variant, called MX, due o [Cotton & Schwab 1984), k similar to the CLARK method, exoept
that the Clean componenis are removed Trom the we tahle at the Ma jor cycle stage (and thus the imaging
pmeess I8 repeated at each major eypcle). This avold allasing of sidelobes, allows to clean more than the
Imner quarter, hut & relatively slow because of the re-lmaging at major ¢ycles. Unles disk slorage B a
real problem, a faster result of equal Is obiained by standard Clean with a twice larger map.

The mext varlant, called 50T [from Pitmr ot al 19&-4]), E again ke the CLARK method, bt in Minor
eycles, mo decomalution s performed, bhut only a selectlon of the strongest components down o some
threshold. Major ¢yeles are ldentical 1o those of the CLARK method. Alhough the principle B slmple,
the implementation 1s pot easy becase of normalization subtleties In the miner cyele stage. Thls metlod
s reasonably well sulted for more extended stroctures, but could hecome unstable T the threshold &
Imappropriate.

The Multi Resolution Clean (MRC, [Wakker & Schwartz 1988]) separates the problem in a smooth
map amd a difference map, Since the measurement equation 15 lnear, both maps can bhe Cleansd [with
Hogbom or Clark method) independently. This is faster than the standard CLEaN because the smooth
map ¢an be compmssed by ploel averaging, and only fine strecture left in diference map, so lewer Clean
oo ponents are pguined.

13.7.4 The GILDAS implementation

AT the above variants are Im plemented in the GiLbas soltware. All of them, exeept M2, are Im plemented
both as tasks amd as Interactbee commands In the Mapriva program. The later Implementation allows
delinition of a Aedble support constraint. The delaglt method s CLARK. 5D & MRC are uspally mot
necessary for Plateau de Bure, bhecause of the small ratlo between the fGeld of view [primary heam) and
the resolution < 30)
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MX Is Implemented only as a task, amd not recommended becase of 1ts relatively slow speed. Since
Plateay de Bure Images arve relatively small (128 = 128), it Is easker to use a standard clean on larger
Images.

The GiLbpas soltware dees ot Inelude any implementation of the Maximum Entropy Metlod, MEM.
The main reason Is that MEM is not sulted lor lmited we oowerage. But MEM ako has some undesirahle
pmperties, among which iis attempt o give a unlgue solutlon, with ne physical justification, the bolse
dependent respluthon, and the defindtbon of a global eriterinm for adjistment 1o data. Furthermore, mo
noke estimate s possible on MEM deconvelved Images.



