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?ﬁi‘]—% F75 A BEEF(Square Kilometre Array, SKA)H & @Bk Kl E s E & /EmH, H
RN 2R LG BT TR B S BRI B AR vt — MR L. A R R SKAR EE I A . —,
BT IR LA AR g a8 R IR AR v 2 I, K e S SR SCRH AT A B B LR, AR R SIS E RARER
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KAt B A B2 SK A B 5 10 BT T 165 P 1 e R B ik R i 2 — ) i 20 A NPT HE 2L 1) AR 2R L S B
Wy At Rl B AR AR B DR VEAR A 20 T GLEAM-XJS&R S e x Lt AT B i, 48w ESKA X 0 5
ZIHL(China SKA Regional Centre Prototype, CSRC-P) 3Rl T 2 & LI T4, (FHGLEAM-XME %L
I8 IE BB B R R A IR A 1. Bl S TR R s A B A, (8 FH B oS R B 51 % (Data
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F B AR R AN AR RSE AR, HTIRE T
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SKA1-LowfE & 5 M . SKAL-Low# ¥ T 7GR K
FE I BR A AR IX B dbah, A SR T
ZASKASL FEEEWH, 5] Iz T i 22 KA
%%l (Low Frequency Array, LOFAR)M. {7 J 3
1) 386 R 2 22 50 R A B B UM 4% (enhanced
Multi Element Remotely Linked Interferometer
Network, e-MERLIN)PI, 47 T8 K F 3 fr) 8K F)
WESKAFR % # (Australian Square Kilometre Array
Pathfinder, ASKAP)OIRIER 73 7k % 3% 4 41 (Murchi-
son Wide-field Array, MWA)I"8l.

2T PG R ML BR 75 R A FE R S B FIMWA B
LR RASKA=ANME S BER G —. BRI R 54 E
RAERERA R M SR (GaLactic and Extra-
galactic All-sky MWA survey, GLEAM)/ZMWA
2013—20155F [A] 1) 8 ML 17 1 2218 30OR, #E72-231
MHz H 52 ] P A6 4630° LR R A5 BEAT I8OR
5. GLEAMIS R WMWAR T 1 H Z AL
RESESE, I HGLEAMEE I/ VR 2 49T & |
HAMRHE R, BARGLEAMEUS T B K IR ik
R, ARSI R s A BT 57 1 2R WA R0 T R
HIR AR AT 7T, (HE MRS | 32 2 BRI He
MMWA JF AR RC B 1 R B R, A 3t — B
HISCE 7 ).

R R S A0 B AR A R BR A R v 1 [ 0 4 R
K (GaLactic and Extragalactic All-sky Murchi-
son Widefield Array survey eXtended, GLEAM-X)
722018—20204F F FISKA S 3 i S MWA — 46
Jie B B F J 1) 07 1 S #EL i R 1 AR I H 10T, %K
R U A5 29 [l 72-231 MHz, 38K 78 7 Y0 1
HGLEAMM KA, BPAE£630° LLR BT i) R 451X
1, 2130000 deg?®. GLEAM-X ) R &% £ 7y H
AE 2R 1-2 mJyf1 2945 7, 43 5l 2 GLEAMIY) 21645
25 L b Kk, GLEAM-X¥ B8 2R 1) 5 £ 5
LY, BT PRI 2] A S e Pt T T . R R RE Y
PR IE SR S MR R . ZBUER. B
PRI R B AN R B SR e e e, i
2l AR AN 22 00 B 3R a8 OR B R S A
P, GLEAM-XG® R S 3L #E4T 1l 3400007K
PRI, SR 22082 PB, AEE 58 B A U
Hodhs 5 2232200077 CPUR/N . 1% GLEAM-X 11
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PR I EHE &, S TT K B3I IFAT AL B8 2
AT R I E AL B

IR AL 38R SO feH ) 75V e AE A
A S X TARE LM S RA A, XA E AL
A AL BT AT, B AR BRI A
PTG VE A FE R G R BT, X6 T SKA R
A A B (A BT A IR RAESS ) A ATAT, T
L S 1A e s 00 A 5 2 P SR AR A (491 G BT AT )
AR R e B AEBUR IFAT A H 7 T, Tk 3k
AR N R R i A5 P 38 B AT AE SR,
MapReducel'?. Dryad3!. Spark['4%% s kb3 K
BRI, B E B SR A BESK AR SCH A I
2B AN A R (1)K 2 B0 B0 T AT HEZE 7R 22
B R BEE AR 7 Dy /N B B, SR 5 IFAT /B 4
ANRATE, SRR SCHUR BRI W R A ARG
KT HAR AR AT UL Fr, 18 380 IR AT HEZEHE DL S
FESKA R ST 1) 2 4EFEHR 435 (2) A £ dE - AT
HEZE () e Hm i A A TR TAEE & e dE A
R, AR EATIAE R SO 8 4 v R AR DG A s F A
HEAEFAABR, e LA R R SO AL B R E bR

B4k, B GLEAM-X 2 I8 A7 764 — 2 ]
(1) 2 B AR AN A R h A ST 0 S AR ST A R
17, &N E LD RN AT S EUE O & S
NED, ARTELN SR, (2)H T
GLEAM-XHJ PR E 4l EHOR, Mgt aEK, 5
FELRN B TR EE Z A SR, HpRE AN
AR PRI TG, 75 2 — AN RE AR 9 Hls A AR 55 10 1
RS = Eri b TR T S S/ N N NP NG == SV
B 1 m Bk E 0 2 B &I T BT, (3G
SKA G B AN K HE e, FLRr ™ A i B o g o 4
i, A4 9047 77 AT BEAS 2 DASCREIn R
R B Ry e IF4T, B, AT 7 kIE 7
B T R E S O RE S R SR K AT R A, Retd
PARERY R TR E SR IFAT A

DRI, 06T DA b i) R FRATTHRs 22 S ST 1 A 42
RS TS G — 1) AR R I 56 ik FL A Ak
HRERTE, AE SR HE TSR RN E
ZBash A 4777 . 2T Message Passing Inter-
face (MPI)FIJFATH eI, % T Data Activated
Liu Graph Engine (DALiuGE)HATHEZE H 3L



64 4

TR B0 A7 SPATHEZ IR Fo TP [ 1 LB et Al

6 3

FEAT A B 7 3N 5 208 SR A 1) B — B AT it
NZ KB IT BB A R, IR L% 5
RIERE IS AT IR RER R AR A I FAT AL BT 5.

2 RINSTER TP IGE %
AR AT L B B AR 2R ik B

HEMWA GLEAM-X 14 & 28, A= FEANH

GLEAM-XWIMEHE . U L Egnimnfe o g,

2.1 GLEAM-XLN#E

5GLEAMI KA A, GLEAM-X#ANK X i
K ETIRAFALE FERE RS a,  BA II A40
BRI N5 T ABE,  fe B ik 0 o R 7 GG 1) A0
RIGE, HFEHTZEESHEHR T ™E
135138 MHz[f} il A B, &S 40 B 1) 7 %
930.72 MHz, &N 4B H 3% 42 1124 4 % i 18
H Rk, AN EIEN T 5 91.28 MHz, &A% 00
TEARENO-255 18 4, 5T ML R Lo AR
EHS 5T 9: 69 93, 121, 14581169. GLEAM-
XU 2 — 2R 51 S 4 8 28 e (R RN, Sy T aik
G I BH e FEOGE R B4 520 AL 4 3 AN A 7]
HEAT . AR — B PRI B TR) P, AT AL LLO.S sI)
B[] 73 28 RF 120 sic sk — IREHE, FO92 minfh g
LM EHE, 10 min U 5 5651 T- B EE . &F
AR H i S DR 46 W B GP SIS [R] 4 ATD S
w4,

2.2 RGELRELE

AR AR AT FL 5 B 9 RGO 4R B T T
JEEFIGLEAM-XR B E LI KL, BLREEM T
PEGLEAM-X PR REOULM A . %58 46 1) 3 BEIRAR
HBRWEN AR, RS EA .

(1) J5L 46 B JE U I 45 7 2 (Download Data).
Har, PLisdE EZEEIMWAS REN R L E
(All-Sky Virtual Observatory, ASVO)!'5I T #,
MWA ASVO% H F et T WM Faor . #—
Flr 22 A FH ASVOM 71 22 H U5 1) New Data
Job’hAeHR 28 F#AE N, ZEFEE L se lin, it i
R0 R BRE B T sl N, S Ry U2, R

“https://github.com/tjgalvin/ GLEAM- X-pipeline
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FIASVOHR i i 7 4 47 % J7 Jiif (manta-ray-client ),
75 BN P R B FOWINID B N GE 5 43 B A
(Comma-Separated Values, CSV)#&= 3, $#258
ARG, AT LLSEE IR B ML RS FRAEAE
v 5ERE H 30N 8. BRI, 5 Ry SNt EsE
TR RHEE B3l Nk 800 B A5 0 I B He
A N ZIP e 4 SO, %R 46 SO mT LR
5 31 (gpubox.fits) WL T 4 AT (metafits
ppds). YT AR TP (Radio Frequency Interfer-
ence, RED)HIEH51C AT (Hags. zipfmwaf);

E Download Cotter
L
(MWA ASVO) (0.8h)
]
Measurement / | Autoflag | | Auto Calibrate
Set Data (5s) (0.4h)
]
AP ply Uvflag Deep Image
- Calibrate [ (60s) — (4.5h)
(40s) s '
T
Postimage Rescale
(1.3h) (105s) T
K1  GLEAM-XPRIEEEE S5 L

Fig.1 Imaging pipeline for GLEAM-X snapshot data

(2) PR fife 1 5 200 TAL 3 (Cotter). X T
350 B TR B IR 4 S AT I, SR )5 EAT 3L
P AL B s AL B AP BRR H 92 Offringa s A
TF R [ Cotter B AL Z B AF —MWAEHE L H 1
s Ak B, ol SRS W U TR S
AR SR, i BB TR )4 B T8] 43 R A140 kHz AR
FEG3 AN AT N R AT I ]~ 2 AR R - 3
ZJEERFIYIE brid CAH(E S, Cotter il André
Offringa’s Flagger (AOFlagger)! 544 A i) 5333k
ITREIR PRI R i ARic, JFitSEAH G4
AR E K IR A A B e, BT RS
TR 1 H s Ak B A BORE 2 R T CASARZ O A
JiE Casacorel ™8I JF /& (1), 38 75 BH Ab HE 5 (1) SO %
e Ny 38 F R ST A N A2 Common - Astronomy
Software Applications (CASA)MeasurementSet
(MS) B9 T
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(3) iR bRt (Autoflag). H1F 1 (2)F 1
AR R bR ic 2 AR 48 B R SR T I, A
Sl R 2 W B A e B IR %, K 25 RO AR
T T B A A U A Ak B A R AR ) R 2 il
K, AT E RS, DLO A IR bR A R R 2R e S
SR AL PR A5 IR

(4) R 25 15 B 3 57 55 R U i AR i (Auto  Cali-
brate). % T GLEAM-X5GLEAM#I8 R K X 78
i B RO U A 6 350 A ), AT ik ] DA FH AT I G L-
EAMALIZ R GLEAM- XS0 #hA7 kv, &
Je, £ ER R MGLEAME & i FHGLEAM-XR
HEOU I 4 W0 7 3 BBl o (R i B [ Ao B 3 F
wEREEREEEMES). R5, T
&R HIE oz B E W) ah R AR, IR R
Andref$ X B S R2 . Bea, RS SC{R
PRI S N B SRR I AT R AR 1R 7 A R
52K H Offringa s A2 H I MitchCal Hi£R0 ) 1%
SR T S H R S B A s s B RO A AT AL
R BT A AR B AR AL A &, X S w2 =t
17 80/ ZIIEA A IR I L AR HE AR, XA HE
AT DG IE 52 Bt R S 1R i 5 A A A7 3R 225

(5) Hbr3n 2P #E (Apply Calibrate). #4205%
(4) HH A S A AR A A I R T R ORI 7 ] D, A
HEAT IR SRR AL RS HE, 1% — 0 REAE T BRI 15 4% 11
KA R 2= B2,

(6)FELE F4E bric (Uvlag). 16 2R HE J5 1
AT LR R R B A SR MRFIR 47 b, B Anid
) g o DR 2 o UV 3 28 1) ] AL BE 0 AT AR .
2D IR AR R A] REHh T BR )RR R A S AR E
FRA 5 02 A0 B I 554 () T s

()R % (Deep Image). ¥R A5 32 5 H
w7 [ & F it A (W-Stacking Clean, WSClean)%X
RIS fwscleantin & SE P, B & A K2 minth HE
%, EEMRGESHKEWR IR, 1ERRAE 5,
GLEAM-X WAL KN 5 GLEAMAHF], {H £
SIHERIE S T L2605, Rk ) SO/ TG K
2%, HPI8000 x 8000. FEAMEE I R/NEZ 4 %)
— M N BTG M FENN S — B2 —,
AT DL RIS 28 0 7 2 Bk DA B R O I 1)

Zhttps://github.com/PaulHancock/MWA-SkyModel
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(A rad )19 BN EERE N BARME R PR, H
T B G 3R A HERCN0.6. T GLEAM-X A3
R (2130° x 30°), #3736 B KA B AN R R/ R
FE R LR, A5 e A (Clean) 77 V% CL & T0ik i /2
FoRAG AL ) B i Zh A TE R, 1T WSClean ¢
FF 2 RE 35 (Multi-scale Clean)5y%122, Befg
U Hiby B A AE R S5 A S R, (R ES B0 B ik
PEmultiscaleft) T EIE A IE L1 25 °40.85, BITEREAS
FEIEAR A LSS UM R E, 2 REMAESH
i FHBRINEO.15. S IGLEAM#BRAEA 7 2A
RS BN — 11 “Briggs” BUZ AL, {HX F0n
WAEHTMWAZ Y R E, T GLEAM-X,
B B Henatural (1 DA 2 DL 5 K B BE M 4 =
B, H2 5GLEAMAA L, natural inAL ) f 7 #%
@ PONLEME, B AR REERAE R N
TAEAR SRR R R B S  HE R R, B
LR T 40.5% Fe S 500 “Briges” FUG AL 24
B H 3 A E (weighting) 7%, 1T ARG
BB (P BRAR ORI A8 B v A B KB IRECA
10000000%, EARBMELEITTIRRMS (Root Mean
Square)¥t 1o — 3o Z [AZA T, 78RR Prik
¥ #0408 S 1% e i 5 FICORRECTED _DA-TA %Y
o,

(8) M4 & Ab B (Postimage). X FE RRAZ 2B B&
MEGPATHREERIE, FERN THBREEEL] R
(T4, B2 I TP 2 5 SUR H VR 9 A A 2,
R 2 B LS 2 A B RS R R AR A X T
FAG G B PR EAE, B Sl S S Al 1T (Back-
ground And Noise Estimation, BANE)?% T Hit%5
B HRARMSHE o, FH8 IR A 3R KA Aegean!2”)
AT A, B/DBE NSe. 2 5 #iHurley-
WalkerZ5 201 () J7 2, 4 Fifits_warp P71 40 1) 2
KA XVLE I RE, # A4 2 79I 5 GLEAMK X
R MEAT A X ULHE, 18 fr B 293000 28 UL AT
P, A EL TS0 B YR, B 2 IR T TE R
L St TR R T = Ry ol 57 2 IR P v
AEAE W ET R . SRS, AR PR R R
MRS 2% 2 RIE 2 B E Z 7 5 m e
&, fits_warp il FHIX L6l £ SR A @& IER T K
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HRH T EGRIBEG, 2 IEE R4 RN E
0] 4% 58 B B RS AE. 2 Ja 1 flux_warp P8I 14
AL LRI 7 AT IR B R E, e
F Aegean ] b B f5 fr) PR RE UG AT IR AT 4K, X B
B A B R TR R

F 1 wscleanfGEESHILE

Table 1 Main parameter settings of wsclean

imaging
Parameter Setting
-size 8000 x 8000 pixels
Base pixel resolution /
scale sub-band center
frequency channel
number rad
-weight ‘briggs’ Mode, ‘robust’ 0.5
-multiscale-mgain 0.85
-multiscale-gain 0.15
-niter 10000000
-auto-mask 30
-auto-threshold lo

-data-column CORRECTED_DATA

(9) 15 H % (Rescale). X 27 B (8) 4k 2 Ji5 1) &
BT UG E 4. 1 e, SH E— P Aegeanty
UG AT IR A 4R 1 45 R, 1 Flstilts R0 H 5
AR (4) W) R AR A AT 28 UL HE, SREUCH R B4
52 R /54 (Right Ascension, RA)FIFR4:
(Declination, Dec) )% & LA A & %5 B2 1) EUAA,
{i F sigma_clip 532 29V i 1R 1) A1 2= B /N1 v o7 B ik
PR 22 BOK T A A o An e 22 10 S e s, B2
Y& IEHT 5 FIRAFM Dec s 17 2 AW & FF 22
40 B it 2 () AR DL S SRR 22 o i A A, AR
Ja A2 R IR AR 5t RMSHIHF 82 AL = ST A,
B A IRERA Declffs & (Ara~ Apgrc) it &
GLEAM-X R 8 EUE 8 24k R £, 5 BUE S =k
ITREAKC R, R BRI OB R, A Rl T 4
Hfits LA

3https://www.centos.org/

4http://modules.sourceforge.net
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3 ETHESHNMNEZRZHREE %
BashBIZRHITHAL

K& FHEANHACSRC-P (China SKA Re-
gional Centre Prototype) Ji& AL L5 5 4% 1) 350 35 5L
PAFEATAAL, FHxt FIE S PEBEAT S0 AIE.

3.1 RRIEELACSRC-PLIFEIRE

FFIR IR A FICGLEAM-X 5 2k #2& % F Singularly
25 AR B AR A B AR F I Pawsey # 5 H 0 Galaxy
R EHLR IR R FE AT B0 R T RES (e
CSRC-PE AN E#E I ia 171z g 8 4, ATk
1T T EBIPAT IR B8 LR AR RS 2.

BT & I AFELFE: cotter v4.6. AOFlagger
v3.0. mwa-reduce-2022. WSClean v2.9. stilts v3.4
& HTIRAHLIA R 1)1 R 48 4 Centos
7.0%, JAVRWE T —>68 H ST B A7 AR 2
LR Bash A, BWIANGE T NEL BE. %
P ACE. SRR DR ar TR, B
i I 22 DL R A0 R 22 36 1) K i OB
fEBE a4, N 7T H P shatiz s 3 SR
WEE, HASRZm HoAh P A A, S PR B A
IR A4 85 T EModules BHATE L, 24
BEATGLEAM-XI8 R Hdfs AL BRI, 75 ZAE SR A 1)
55 RS H BN 6T B2 3 AR H S A modulefiles,
RIRT st FH P02 1 B0 A B A A A

UbAb, it 2 RsEs KB, T GLEAM-X1
PIEEE B EOR, G K, 5SGLEAM#
(1) — AN THEY fi] BARI B G2 AT 2 2658 2R 1M AL BE
KA, GLEAM-X5 2 5 £ (1) N A7 A 5558,

A8 A T SR R R AT AR B S GLEAM-X AR IR
ot B 5 S 7.2 1, T P B  BT AL
T AH ) AR 7 A PR R A T 35 5 FH IR 9.5 h, AR BRI
B) [F] L 3G hn31%. H 3 E R RALE T, EIRE G+
WSCleank H i K37 G S 2 w7 1) & Fr (w-
stacking), HHwiEdE (us v w)hR R FJwh,
MO HE 1) B BRIE AR AL A0 T )L 2 AR E e
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= AE AT W HAEAR IR i, R NA w4
AL EE R, RS 23 AN [Rlw 2 1 Z 4 W] L A
5 AT A5 AL AIFFT (Fast Fourier Transforma-
tion) KR, &5 A Flw/=45 3 1) B 3k Llw R -+ I
HEAT 2015 30 5 1 UG 45 L2Y. S HE R A7 AN
THE IR 5w KD FEB G R R DNE R BT
it AR R PRI R R R KN R T, BT EAETR
£ RSAG S Y FE ) A7 AN B T s AR R ORI, %)
T HA RIS R B IR I SKA X 35 0 (SKA
Regional Centre, SRC)K i, A& KR4k HidkE ib
PR [R), 53 TR ok R 3 252 3l 8 R B 1)
AEHE. w-stacking ] [A] 52 2% BE (Time Complexity,
TC)R H T4 i

Tcwfstacking =

O(leix log, (NpixWmaxsinaroy + Nyis)) , (1)

Hp, ORREIE BRI R 4R, BISVEAE i
IAB L B % BRI TR 52 B, N W EMRAR 3R KD,
Nois AT WEBHRE KL, wna VR RKWIE, apov N
A5 M7 (Field Of View, FOV).

3.2 RIEELECSRC-PLEBESHBAFHITH

it

GLEAM-XJ 14 & 2k Fr A 4k 2228 38 1) $0AT A
A FIARES 35 K F Bash I A HE 4T 3 2561 9 7425
BHE AR, PRUE AR ST AR A,
FATE A T REE S A 7 vk, RIS AT S5 HERA
R4 A HAT A 2 AP RO E . 23 R g
T BashIAAE 55 HEAFEAT AL B A R 21 FAA i
T

"""""" #  Control

e Data

]
Operation

Array1:
Download Data

Snapshot
Image 1

Array1: Rescale

Array2:
Download Data

Snapshot
Image 2

Array2: Rescale

----------- O

Task Queue

—Ee

Login Nodes

Operation
Node 15

Array15:
Download Data

Distributed
Storage

Snapshot
Image 15

Array15: Rescale

(=) Array16: " Snapshot
Operation Download Data Array16: Rescale Imape "6
Node 16 ?

K2 T Bash AR S HEBAIFAT AL S 22 ]

Fig.2 Principle diagram of task queuing and parallel optimization based on Bash script
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(1) 3 78 20 ) Y R B AL L B R 455 b AT
S ARAGAN T BT R BE T REREAT JRAT AL B, FAT 1%
5T NRERAES A, Hdikah 7 ELIf
HUP BRI T A, FRR AP IR TR 11T 2 8
TR E, 7T LARYE SLbRis 47 M5 AE A 55 A
TFASREAT 48— W B AME L

(2) H FE B [t 1 1 (Login Nodes) #2538 SAT 5%
RIS, o v ST O3 T T R K B Ok AP BR A
H(Array) BB A 1 2 B 2y e B W] — A F 5
(Operation Node) FizAT, MHAT— MBI SG
iR 7] A AE 55 9 5 (jobid ) AT 55 4R SE AT 55 FF
B, 5 L —AN P BRSE S B 3T T — NP RIS,
SEILR IR LR ) AL PRI AT

(3)IHATIZAT 2 SR A, 1EH KB &M B

=, ¥R E R PAT I B it b, il e
NXAT 45 BA B (Task Queue) FI7E I X (R AT 1817
(R 2 2500 75 50N B N 1 o B 20 B 2R I R IR ID
I IR RV SE T RS L S A JE) RN L
S F N N L BT RN A R IEATAE S HERL, B £
DA MR AT 55 KoM 2 S E R BB 2 MHE
T RPN AT — R A ), STELE
TAESSHEBA 1 £ Bash JHIAS 1) 2277 fiFF4T A0 2L,

3.3 HITRGEELHNGLEAM-XHHRIIE

N T B UE S E 1 PR DA RS B B 2R IR
Wb, AR — NGLEAM-XHR I8 J5 46 30 I
PEFEAT A, PR REE R MITD 421212314512, WLl
AL UG I 18] 9§ I tH: B (Universal Time Coordi-
nated, UTC) 2018-06-06 10:01:34, MMM AHAL HCr Ny
(RA, Dec) = (176.87°, —25.78°). & Lk kb HiZ PRI
B 6.7 h, &R EGEEE B8 2 MERGS
(Multi Frequency Synthesis, MFS)F14/™ ¥4l Bt
(14 A 558 5 D S P i A1 397 4 52 193 5 (Stokes 1)
%45 R, SR IE H N170-200 MHz, B RMSEE:
4.2 mJy/beam 5 GLEAM-X ICHR[10]45 Hi 1) 45
FHAF.

T AT EG A, JEEMFS I A i R 3
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175 R SR @S R AR, 1l F] Aegean /T4 -t
(5 LS L 114094, Al FH B R MRS #E T R
(Tool for OPerations on Catalogues And Tables,
TOPCAT)BAGEAT 22 ILHL, ¥ B o vF 1 5t K
72 M45 arcsec (GLEAM-XMA 0 ##%). 5 kRN
GLEAMZ R ILHE (Y8 $0910234, VLRSIV 5
YRS E89.7%, R UL 3 25 [F 2 GLEAM-
X7 # M RBUE R R, HECT GLEAMEAE %45
DB 22 1) 5 B, DRI 22 LR ) S U S A 1)
GLEAME RAAEAICHIR. 5T L /M8 KR
W ZE (ALl the Wide-field Infrared Survey Explore,
ALLWISE) 2 % VT ¢ ¥ U5 A~ # 11399, UL AL 1)
PEAS B PR S E199.9%, A SRAT 104 B R SR
JU-F- 4T e % £k 21 20 40 3 B 0 B A& 8 i i
e AR ARA~  AppcfPeak fluxi b E 75 2 41 F 4t
THE3fI %2, EI3HGLEAM-X P I E 5 2 3K 4 il
5 ALLWISER % RMIGLEAMA %52 X ILFL 1) 45 it
oAl R T oA E AL E 2k, K29 I3
ENTARBE E A SR, g TS
M RECE LS I IME . TREEE . ArdEZE. Bt
H5WABRIFATICE, Ara~ AprcMBMEIITEOL
41, Peak fluxtUEMIBMEELL A, PrEZETE0L A,
Pt 22 B S — B A A B HORE R, Ao 228
DN HCHE B HIGER /N, g ik 25 R T LA 2 el 3R ATk
B35 I GLEAM-X R4 & £ /£ CSRC-P L 1 # 4
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Table 2 Gaussian fitting results for each

distribution in Fig. 3

Distribu- . Standard
Average value  Amplitude

tion label deviation
(a) —0.3 arcsec 1258.4 5.9 arcsec
(b) —0.9 arcsec 1221.6 5.3 arcsec
(c) 1.02 1123.5 0.2
(d) 0.04 arcsec 1676.2 4.3 arcsec
(e) —0.03 arcsec 1704.3 3.4 arcsec
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Fig.3 Panels (a) and (b) display the statistical results of cross-matching between the GLEAM-X snapshot image catalog and
the ALLWISE catalog, respectively. Panel (a): distribution of Aga, Ara is RA difference of two catalogs; Panel (b): distribution
of Apec, Apgc is DEC difference of two catalogs. Panels (c) to (e) show the statistical results of cross-matching between the
GLEAM-X snapshot image catalog and the GLEAM catalog. Panel (c): Peak_flux ratio distribution, Sgream—x is Peak_flux of
the GLEAM-X catalog, SgLeam is Peak_flux of the GLEAM catalog; Panel (d): distribution of Ara; Panel (e): distribution of

Apec. Red dashed lines are the fitting curve of the difference distributions.
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Fig.5 Physical graph for the imaging pipeline. The panel represents the physical graph of the imaging pipeline, where the

Drops in Scatter have been replicated into 4 copies to enable parallel processing of 4 GLEAM-X data.
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Low-frequency Radio Interferometric Array Imaging Pipeline
Optimization Based on Distributed Execution Framework

WEI Yao-jie?  FU Jie-lin'!  LAO Bao-qgiang?3
(1 Key Laboratory of Cognitive Radio and Information Processing of the Ministry of Education, School of Information and
Communication, Guilin University of Electronic Science and Technology, Guilin 541004)
(2 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)
(8 School of Physics and Astronomy, Yunnan University, Kunming 650500)

Agstract The Square Kilometre Array (SKA) project is an international collaboration to build the
world’s largest radio telescope, whose sensitivity and measurement speed will be an order of magnitude
higher than those of all current radio telescopes. Radio continuum survey is one of the main observation
mode of the SKA, and the establishment of a standard map of the survey area based on continuum imaging
will provide an important foundation for subsequent astronomical science. The Gal.actic and Extragalactic
All-sky Murchison Widefield Array survey eXtended (GLEAM-X) is a project of the SKA pilot telescope
Murchison Widefield Array (MWA) in 2018—2020. GLEAM-X is a new radio continuum survey project to
be carried out with the MWA Phase II expansion array in 2018—2020. The experience of optimizing the
imaging pipeline based on the distributed execution framework will help to solve the problem of massive
data processing. In this paper, we describe the process steps of GLEAM-X imaging pipeline, integrate
and improve it, and realize parallel processing of multiple pipelines on the China SKA Regional Centre
Prototype (CSRC-P), and verify the deployment and test the correctness of the imaging pipeline system
using GLEAM-X observation data. The GLEAM-X observations were used to validate the deployment
of the imaging pipeline system and test its correctness. Then, to optimize the pipelines and improve the
processing efficiency, the Data Activated Liu Graph Engine (DALiuGE) was used to integrate the imaging
pipelines into the DALiuGE execution framework to automate the distributed parallel processing of the
pipelines. Performance tests and results analysis show that the optimized imaging pipeline based on the
DALiuGE execution framework has better performance, more flexible adaptability and scalability than the
traditional parallel approach, and can support future large-scale continuum imaging experiments during
the first phase of SKA commissioning.

Key words instrumentation: interferometers, methods: observational, techniques: interferometric, tech-
niques: image processing, radio continuum: general
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