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Abstract

The quality of radio interference imaging partly depends on the image reconstruction algorithm.
The CLEAN algorithm is a widely used reconstruction algorithm for radio astronomy data and has
become the standard configuration of radio interferometric data processing software. A typical
CLEAN algorithm uses a set of delta functions to approximate a real astronomical image. However,
currently there is no work to optimize such a set to achieve the purpose of improving the image
reconstruction effect. This paper improves the current CLEAN algorithm and proposes an ampli-
tude-based reconstruction algorithm. The VLA observation was simulated by the Common As-
tronomy Software Applications (CASA), and the conventional CLEAN algorithm and the improved
CLEAN algorithm were used to reconstruct the measured data MS (Measurement Sets). Experi-
ments show that the improved algorithm has a higher dynamic range of the reconstructed image.
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1. 5|

FWHEMERKIEL T VLBl R Z NGB G E, wd PSR RS — MR KL A 1L
% (synthesis aperture), XPER AR TRAKI DR, W VLAY, ALMA®fil SKA®, Hig FihIEf) VLBI
W 2% (2R G FLAR AT AR BRI LA, Hr Fre R B AR B B T Him B A 2 A B A
PR, FPPRERT VLBI U EAE K 2 B0 e 2 25 2 ke RoAf 2 18 Van Citter-Zernike #ig[1]45
TSR SC G 2% ] 5 0 1 1 2 (AU AE A L AR 00 R o BB AE 25 (R 3 ) A 58 A A 2 T1E 2
3G N — DM RIZ R B 75 BB MG 2 L U S ORI BB AR 45 . RS B RSk, i
AR SR B FEFR Y “IESR” (dirty beam), SORIEEREFR A “BEE” (dirty image), W& B)EE B AR
N Rl ILEERREL” (visibility).

I RAFTREER TR IR ZAEILT, MRS RACPAR s i e, IRt AE A TGIE A T —2%
BT, BT LA @A T E IR R AR B . T IR B RUE R, Bl
TP SRR T ER ORI 1524900, A =R RIE A B CLEAN &%, KT
5, RARIREE RO . B RN 7R 208 R QR ) T R A AR G DA I Ty g 2 CoRE i S B
PR E N7 AR TS0 i B B @ BOR [B1H e 4 Fe M B R S, e Bol LR R
R A — TR, S T — AR R [4] [5] [6]. CLEAN 5y Hogbom 7E 1974 ERIEWI[7], &
[IFEA AR E ] delta B AR & RIEIT H AL AR SC B 52K Schwarz 513E T #0538 K AR FE CLEAN ik
[8]; Clark sk PRI A 37 A5 46 135 BBk (beam patch) 51 i2E T PRigi 5% [9]; Cotton 11 Schwab ¥ CLEAN %k
PR ERRIL[10], Wb T EEIRE; Tk ST R B R BN BE DAt ok [11] [12] [13]

http://www.vla.nrao.edu/ .
http://www.almaobservatory.org/.
*http://www.skatelescope.org/.
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[14] [15]. FESHEORSCEME HE A E, CLEAN B2 M HE N Z R EFRHEIAR . CLEAN Hkr A
g T — NG delta BRECSE SR e S0 4 HuE i LS R . B 4TI ICE IR T 22 M R delta BRi%L
e LA —MHE A G 23X A€ IR G s R T & WOE K, lH & — MR H, KRZTE 0.01~0.25
ZIEI[1]e XA A AR A p AR KRR BE R 7 MR B . AT R TR T2k X
A delta FREEES
2. SIREE R ERE A

WESERTEUE 1™ (BEFRAUR) AT LEE R ECh Ve, IR ] I EE ROV e, RO M,
2 (A ZE I R 7 Dy IS4 D BB W] DA R

\ meas — v (Vture _’_no).

TEEE b, LSRR LR ek S PR bt B SR SC B R 8 S AR e
Ve _ F(Itrue),

SKAFREEN M 2 ER O A1 1 AL — MRS, O ARFARAER LARE KA. ng RINVEREFS , 8 3B 2 &
B e R S (AT R (R ) — AN R R IR, IR R 5 TR G, RS RIS, M SR
G R TR A . B RUE EAR 2% AV 3 10 7 R AIORH 08 45 A A 1 e R S AR 4
B HUELATE,

D=F*(V™)=B*1" +n

Hor D MR, R A R e A L SR G R BRI A B AR, R
R I R A 1™ R EORIORI R —ARREEG: «FoREREBH,; n 22 R
n=F"Mn,=B=*F™n,, RARTIMEAEZPMERIEH, EBREZNE, ENFRMIK. K1 EEE
THRZEEGAMEEFS 5 f 3 R AR A

(2) IR SRS (b) Y fERREL () fEA

Figure 1. Image blurring model in space domain
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Forpr 1o JEAEIE A RRHOBE . CLEAN SideR A 1 ol T FRideoRag i [11], it Ba s 3 (7 1 i Bk
ZEP IR KRB . CLEAN SEIE R IE AR U7 30 21 o BB AR i JOse R 2 BIAR

Itrue — | o

Hrh, e @RS BSLR T RG IR ZE. I REHIERE, CLEAN SFEM FIEA Y &5 K 01k
HA PR R, IR IE T R A B R 7R %
1 _ Y gp,d

Hop g RG2S | BRI B KA IR A, o, 7E B R4 IR B (A B (1) delta 55K
4, EFiEEHR CLEAN EREE

g B R, HATiEA g R AR R E N A RE W HARD BRI R R ER .
WX THrA K&, A R RS 2R 04. CLEAN $ike —FIsRENE, e EFERES.
BEE SCERRRN, SRZEP G 5Bk . frHEA R R G B, 2 pri & 15 5 L2
AR o AT ] BB PRI R A B I A B ARAN R AL H 5 30 ARE L 80 b, IEPAIE 25 N 1%
B ZE T B HME 5 LU AR L . B 15 R85 S RIMREE, TR S, BT AR S B 3R L 205
FEHER . FRATREX L5 5 [ N ERRHIE S FEE N CLEAN H i ferh, JH¥I S g, Rom AN
_ |pcurr - nlevel|

0=
| Praxi ~ Mevel |

Hor py, AR HIRE KRR KL, g (ORI IR LR KIS, N TR K
il P 2 3R 7 1R 1807 22RO

9

1y N2
nIevel = Wé(Xi_X)
Hrb, x OAMEERME, N AEBIEER SE. ELRRBE RS, . 2SRRI BISH . FEE
JE SRRSO AR A, Ak BTnRIA R

_ | kgo, kg, >0.05;
~10.05,kg, < 0.05.

Hr ke — M H RTINS & £ IRNTRI k 9 0.4~0.8 I BRI IR 4F I 45 5K 24 g, < 0.05 1,
a3 G a4 BN 0.05, FERNHEEEH L. KX MEMSH 1 AT CLEAN FARIEIAHE 25 10 & UE,
KEALWRYAATA) CLEAN SERIIEMIE 2t 1 0.1 K ELUFHIME, PERES ML, Hux Bk 0.05.

5. B{ERHL

CLEAN HVE 1) Ji& O 40078 178 78 188 i B 385 B PR, 78 30 LR SC R F e B FH AR A5 1) 2 IR [16]
CLEAN HEAMBETE 4 UG E @ kA3 T R, JEEAE—JESWE WA ZMR A, WA
B e B 45 1) B SRR A5 SR [17] [18]. 24T Hogbom CLEAN ST 4k |32 18 ], 7E 3% U1 CASA 4%
S AL TP HAE AL B A th B B I S, T BIEAS SO A e, FRATELEL T Hogbom CLEAN 5
TERAR ST () 503

FEARSCH, 3R T 0TI CLEAN Bk BAA B VR 7 A — 1 F U 3C31, ol @& 4 e IS AFE 1
L, XS PR R B DL 35T CASA FUBL 2 SR H Bl B, M B, wIL
fET AR S SO TG
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RS U f0 SR HL e — RS, FRATI 51 NS5 v B (10T oK I X M A B O £ 55 2 A
R L 0 SO MR O bR, R ek — MBI A . KR MR R — M
AR R B AV DA Y R s S 7 A PR A 5 AR 1 I I % 2K P 2
b, WEEAAEE D, EREEN 1, RERGH 1, IR R OREA T e, K2
AR IR S 2B H A N. T4

max ( | resto )

r

e

rms

o AR A X R ZE KT

€rms = —Z‘(Il\l“)) .

A R SRR T AL (CASA) T & 2 AIPS, J28 TR ALMA FIT VLA 0T 5080 A 21 5 Bk i,
FHAEH C+HEF BB R AT. CASA T4 RN ACER G HE U5 20 (1 . & B A B0
MThEg, B ) A A% QAR 5 S PRl il (9 52 A AR A . T REMASIRIZE T, BEABL 2 A 2 HE B s b
Hh R — B e B I B R B I R TE VA A BB A . 54k, BRI RS T RS SRS K —FE, SRR TE
B, WIE lﬁﬁm&ﬁ&,%Am“*Aﬁ%% RRCAUL F e 75 5 A I = BT e S . SR, B R R
W PR IR, XA )R] DL o B ARSI A 2 T B S R A v S R A

Figure 2. From left to right: (a) The radio 3C31 image; (b) The simulated dirty image; (c) The restored image from the
Hogbom CLEAN algorithm; (d) The restored image from our algorithm

2. WEEIA: (a) §1H 3C3LIE; (b) HEMWMAIBEE]; (c) Hogbom CLEAN BUAMERER; (d) AXBUHEZE
HEZER

FERRASSER A AT S B R 3C3L (K 2()F NS H KK, Bl T VLA B FRRE L
BB T 6 /N o AR 3R K/ (cellsize) Ay 1.0 arcsec (FIFD), GRS 512 x 512 MEFK . B FE
Hfd F Briggs AR bR B0 B HEAT IR . M IS FR A AR 4 8 1 B P SR AE B 2(D), AR T PR AR
1 [ 2(c) & 2(d) o Al iE7s T Hogbom CLEAN HUyE A e dk Bk B 45 Xtk 2% G,
DA ) 7 2 B A G A B g R (0 AR PR (e FRATTHBI R T Bk 2 BRI T IR R 22, gk 1 SO
EEAE T RARZE F A IR DL, XS E UL, AR SOk Sk A 0 T I R U 5. Hef)
WG, HIFHI B TR S, RN IRA1H T Hogbom CLEAN 53k M ik 45092 1) 2 222 IR 1 Bh 2878
B Ja B Eh AV B m (022 2) [RI B T AR SR T4 f M3 I B AR A 2 ITLLE
SR — AN — 8, ALy vk EMR 1 sh A T R T Hogbom CLEAN Hik.

DOI: 10.12677/aam.2021.104121 1119 N FH A7 0


https://doi.org/10.12677/aam.2021.104121

KA 2

Table 1. Comparison of RMS error for the results from the two algorithms
%= 1 B EERERNAIRRELLE

BT RRZE (Jy) i H1 3C31 S5 M31
Hégbom CLEAN 5.6x10° 75x10°
BN AFS 49x10° 6.4x107
Table 2. Comparison of dynamic range for the results from the two algorithms
2. M EERERNHTSEELER
AT H] §fH 3C31 5 M31
Hégbom CLEAN 1937.5 1584.7
Rk i 2136.8 1713.2

6. D&

CLEAN SEAEA] delta bR #UER 5 ROE I L SE IR ST EIGR o A% G 10 53R Ao P 0 6 1) 191 5 9 2 48 2

PR delta PREUIINEIL . ASCRAME FL R 5 KPR AR 518 T CLEAN SEgeRALILIZ A delta b %4k

I
=

A5 Bk A N SREA B A PR RE . 45 R R Bt VA RES 15 2 TE M s AV B 45 3R . ALt (1

HER LT CASA 1 python 4 FL s Hi it o
E&InE

5 SRR 3£45(11963003), SKA 17 %t 11(2020SKA0110300), [ 5% & A & 1-K%1(2018YFA0404602),

BNEHE T EHERAA K H (B 24 KY F[2018]119), /N K513 A A BIFR 4 (B R AN IS
F(2018)60 =), HER}ERE A BHIG B E 15 5056 % 34 (KLSA201805), st AR HHRImH (BEE T &
AN72017]5788 ).
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