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Abstract ; The deconvolution algorithm in the ARL of the SKA algorithm reference library is inefficient and

cannot meet the needs of real-time processing of massive data. The parallelized Clean algorithm in the coopera-

tive working mode of CPU and GPU was proposed. The steps of parallel computing in Clean algorithm were

executed in parallel on GPU using multi-threads, and the steps in the Clean algorithm that couldn’t be paral-

lelized were executed serially on the CPU. The results showed that the running time of parallel Clean algorithm

under CPU and GPU cooperative mode was significantly shorter than that under CPU. When the image size

reached 4096 x4096, the parallel Clean algorithm GPU cooperative mode could be speeded up by 10 times,

which showed that the parallel Clean algorithm could significantly improve the efficiency of operation when

dealing with massive data.

0 55

S5F P BT AR LI RN S0 B AR 1 S
PRV A% BRI B A R, AT 3 3
AR s A s I A R AR .
75/ BLF4%1 SKA ( square kilometre array) ' 2|
b E R R &G LR i i, 5 A
U P BEE SR AR B, SKA (1) R SR 42 R 10 ~ 100
R W R R 107 420 ARL( algorithm ref-
erence library ) 515 2 2% A2 J& SKA 119 i e 35 vk
e, Hh BB R ARL i EE Y
J, RS R SO R A 2 G E R .

FA TR 1T LU BR BB 52 8 TR R
RIXT LI 25 R B 52, 51 AR 222 3 1Y O T A
WF5E. 78 ARL i, RSB CR AT Z Clean 5
7. 1974 4F I, A. Hogbom "' Y4 H T Clean
s, — MR BB R AT E, TR
ST AR EARTHER T 25 T B
FHAER R BN A] , i L RCR UK. 2004 4, S.
Bhatnagar SR T — R T L T A
B R ABUER Y S A L ( Asp-Clean ) 550k, H4 []
PG B N R AR R AR G, R LS HER
by T R X R A A 1) R A R (R R 0 ik 1
IR S R M AT A, FeE B ) 2
Clean 3£ 1 3 £ 2. 2008 4, T. J. Cornwell”
PEH T —F Multiscale Clean 3535, 125883 7] L),
A b AL YRR, S v KR B, HZ L
Clean 55 V£ 77 & 1Y iz 47 W) [A] B . 2011 4,

U. RauZs'® 7F Multiscale Clean 83 ity 3Ll I,
454 Multi-frequency 535, 76 55 155 B9 22 B3 A
AR MIEO T, T T RS BR (AR
AR B I TR B B A7 RICR BRI Y ]
2016 4F, L. Zhang 55" $2 H} [ 38 I FF B34 25 1
AU Clean (Algas-Clean) 595, %551 T L
& A1 B o ) RN, B SR A IR B, [
Asp-Clean B )iz B BE PR T 50% . 2017 4,
J. Cheng %" el Clean 535 LY 7]
BB T — T/ Clean B35 IZ L XS /N
IR I SEGHAT Tk 4 T EHg R e,
A% s T A, R s ks 17 8%, H
H, KCHB 327 8 AR 2 B 0T 4 e (BTG o 2 3R A7 A0F
5, I FACR T AT IS BORAR . SR, B
SKA Tl H (1S, ¥ Sk %) R SCR s 3 hm,
A 255 PR 3l Ak PESCHR A8y 24 T R B4
WFFEE A, X R B AR B AR =
AFZIA A L%

T, A SCHAE £ X Clean 553k 3547 #E
o3, R 2 &R R 11574 1) CUDA A bR
B4R —Fp 3L+ CPU M GPU B[] TAERIX
WFEAT1L Clean 5335, DU £ & 1 5 K SCEUHR
T B PURL IE AR,

1 Clean BEHE ARL Hi8 ) A

Clean ik " & —FhaAE Lt KB FITIL,
LT T AL BEAS 5 5 1 55 W B8l , R Hoas T
ARL # T LI B P 15 b 55 i (R 07 1) 1] il



- 90 -

¥a5 0 201943 A 4534 % 52 4

HAAT P B , HL v e e R e K R
PR 0, FEAR BORERR 55 7 ) 2.

ARSI AT 1 (0, y) Fon, Hofr o,y
TR IR AR N AR AR, U5 22 5%k 17 ey 52 )
DLEZ R BUH V(w,v) Foas , Horf w, o FROy 25 (8] 53
HRAE wo Y (FEZAR TR P10 w4
[ 2K o $5 L, HIERZANIA 1 B

/

Wl

AL

Al wPt@i&ir&EH

Fig. 1 Baseline diagram of uv plane

HI T SKA Hr R 28 H O [ € 1Y, B DA wo
RFE SR H A R A wo SRAE KU 20 A pRROPR
DR R BRI, R SRAE BRI A 1 B vt A e m]
FHEME TR R S5 Fi B e 5 2 5 A P A8 5
PEAT R L3900 i m A5 S i ] o e — > 354
Ao R AR M P 4 i R B R S B 6 B
AR AR Gl #1785 R 3

PRI L5
7w I, BRI RN
D TATARAC

Horpr N JERAE R R w, S5 b A SRAE Y
BUE, V, 0] VLR SRV, S PR OF TP oEA A
i (o, y) ORI I S 5 T2 A 2R S ol B I A 4
RR N

M
Vk — Zlieﬂﬂwﬁx'ﬂml')
=1

Forp 1220 i MBI AL, MO RS
pen el EOR A SRTE )

r =

M

M M N
2 ZBip[i[p —ZZDili + Zwk\vk\"’ ©)
i=1 i=1 k=1

p=1

N
2 kae( Vke/2""'<l‘ﬂx,+,;/_y’> )
_ k=1

Hrp,D, = M PR JE A 5
kﬁwkcos(%(vk(xi -x,) +u,(y; = %,)))
B, =" - ,

NG woME r, IFIGEE @ B8, W RS
PGB

M
Di = zBi;)IIJ @
p=1

@V T W 2 52 G R o 11 45
. BA SRR 547 ek £ PSF (point
spread function ). Clean 247 1] DA M 24 0 04 Ik &
A PSE i3 BB GR A, B— R E, K E =

HREALRIT .
1) X% R AE bR B0 A7 o B o 36 A2 e, 45 3|
WER

2) e G vl BRI B 22 2o TUAL B A R AT
e L Ik 7S 40 A 1 A T, 45 80 O ] ) e R AL
A FRDSRIZ AR 5

3 ) 5T 114 F L R 33X A e K AE A
(i b, HAERRLIA T v

4) ME P& FPsl 25 M A
S)EELIK2)—4) , HEIRIARE B ek
(/T 2078 (I 7K 5

6) Xt—UAEHR AN 6 PR WO 2= Rk
(BN S LA R & pREXED) 1 T 1

T) KA ER 6) s S R A B, 15 5 i
LI T R

2 Clean %1y GPU FFAT4L 52

ARL w11y Clean 53502 36 T CPU (19,1817
IR B, AR SCHR AR GPU FRAT 9 L, R 22
eft, Bt LB T GPU F 4746 Y Clean
Ak



X% % ARL  Clean % 3 By 3 47 (L#F %

.91 -

2.1 Clean EiXMFFITH T

Mo R W], 246 RO LA 55 b 2 2o 78 vp
AT B RE R K, XL A7 I CPU 22
REE. GPUM R BA BT AT 0 ok
TR ITAT 5848, W] LAAE A BB (8] AT 2 00T
SIS, FLTE GPU b IR47 S8 LB B IE
AT LAR KA T iz B BT, 75545 i ] NVIDIA 2%
AR T — R IR AT TR 484 CUDA ( computer
unified device architecture) '™ i1t CUDA C %
FEAE GPU ESedIfATit5, Has s Lk CPU
B TR E EEg

3 Xt ARL ' deconvolution 551t [ 43 47
AN, 7E Clean J35 1) SE B A opr , T 64T £
VGRS, T g R AR S ] B — Wk
TRIYEE R, I TE 2 Clean 5535 (1 8 A i 72
5 WL A% PRI, AH AT DA o (8 3 4 R T B
% BR B, i L AT LATE GPU F 47 9F 471315,
PLMOR R T EROR s ik 367 4715
(BERVETE CPU E H4THUAT.

AT F Lo M AT 55 I A AL BRI B I
FTAbFE. FEF CUDA 441454, 454 Clean 11
ST A SCR R R IR AT A BT =0 IR AT
AP PATIERE N CPU T4, 24 N A% eR $i i 4
FHEF, BT R4 3] GPU 45 . 514, GPU
INAEI A R teffas i Ard an = A7
WA AL A IR AR R, R W
Grid % e (1) i A5 SR AR D7 1), DR O 5 2 4 25000
JHCHE A A SR A e v 5 oK A U T v 4 31 Y e K
(RS = A A | T IR B — D IR
e SR ] 1) R S0 A, A v B A A R AT
fitr g v, DA s 2 e A PRk 7 )

2.2 Clean EEHFITH

Clean S IFATALSE AP BRANE .

1) W ta A [, IFR i o A BV E D IE 2
A

2)7E GPU LT CUDA 45 () dirtyFabs-

Max A% R AR, $ 20 B H 1) e RABL AR, FF e i
S B AR AR.

3) T o g s RS B X A B KB A Y
P b, HATIEg SR LA+ y.

4)7E GPU I i# ] CUDA %45 (1) subPsf #%
BRI, DA P s 252 R

5) b e 4 G e KA & B /D T 45 8
(P P KT, A A R A5, W R Stk A 7 40T T
BEL A R SRR AR H AR, 4R ) R AT

6) Xt—HU AL A & A TR

T) B BE 6 13 B 245 5 - A R, 15
2| 5 213 M FE1ARR

8) 4L GPU I 252 4b ¥ 45 3] 1) K4 1% 45
CPU Ff- 17 fR 2.

Clean By R 2 22N TR EIEE
(R B KR B LA & B VBT LR IR AT 07
IHATAEBE. B4k A B AR AL, 4 R i A4~
SRS T A, A R TP I SR T Z A
B, DUIHES A v 1 s TR 25 o KA. R A 4R )
I T P e R AL A5 B AT T A 1 RS 2 L
Y, AT LA R B R 47, B LA RE 9 IE A7 35 i T
ARL 1) Clean %4 3 2 % ] Python 15 & SZ 81
1, RLHAS SCR A PyCUDA SR 52 B Clean 55075
3747 Al B Ak 52 8 J7 02 9 A ek Bk
CUDA C 4wf8 , ¥R /5k H Python Zmf , i
it PyCUDA fifi Python 2% 7] LA 5[] Nivida /)
CUDA JfA7it%8 APT, T35 8] GPU 4719 H
fY). dirtyFabsMax % PR 20K Blocksize F11 Gridsize
YERM RSB N H8 58 PG TN TR I B KN,
33144 Blocksize Fl Gridsize ()3 FU5 H 44
BRI AR, HE e B I T b B 2 L R ie B
GPU LAl DEL Ji5h, 7% syncthreads
PRECR IR IE LR [R5, 15 W) i T A2 AT B A
ToF PRSP, AT RE 2 th B OC2R B a ) [)
SEOBITEIRA . dirtyFabsMax 4% pR 801 Th
R hy



192 F254 20194E3 [ 4534 % 52 )
Input dirty col «— threadldx. y + blockldx. y =

Initialize row «— threadldx. x + blockldx.
x * blockDim. x
col «— threadldx. y + blockldx. y =
blockDim. y
t «— row + col * blockDim.x #* grid-
Dim. x
For stride «<— blockDim. x * blockDim. y
gridDim. x * gridDim. y,stride > 1, stride<«—stride
/2 do__syncthreads( )
If t < stride Then
If psf{t] < psf[t+stride ]
Then temp «— psf| t ]
psf[ t] «— psf[ t + stride |
psf[ t + stride | «— temp
End If
End If
End For
Clean 35 Y 20 B 4 J2 DAJIE &1 v sl 2 I
R AR T LA AT AR B PR Ay IR PET 1 2R
AR U S Y AT LA R S R T
AR, M GPU Al LI & — A e R lic — 2k
T, PR — 0 R AR R AR 0 TT AR AT 40
17,485 1 Clean BHE R HELCR. S5 subPsf
A% RREIO o 52 B0 DA P21 b i 2 P oA ) 52 4
NILEG TR GPU B2 Rt b 22 5747 1024
AR, AL BRIy 1024 23R x 1024 {1 K
AR U5 22 1024 x 1024 AR, iy LA BEAE
—AN A% R A 22 S 2R R HOR A5 B 1024 <
1024 DA, BRI R PATTCE R < < <
1024,1024 > > >, X AEHL AT AT /& GPU b &
— N EHE TR J3 L — L. subPst 2 bR E1Y
(AR
Input res,psf,alo,a20,mval
Initialize row <« threadldx. x + blockldx.

x * blockDim. x

blockDim. y
frow > = a20[0] AND row < a20[ 1]
AND col > = a20[2] AND col < a20[3]
Then tl «— (row + a20[0]) = blockDim.
% % gridDim. x + col — a20[2]
2« row # blockDim. x # gridDim. x +
col
res[t1 ] «—res[tl] — psf[t2] * mval
End If

3 SESHRL RS T

LM g [ R = Pt L Y A A = I
A5 2k NVIDIA Tesla K80 [ GPU, N 74k
128 GB, {7 fi# %5~ 512 GB 1 SSD ffi#%:F1 1 TB
(1) SAS = HAE &, B2 /E R G CentOST, fifi H]
PyCUDA VBN IF K i 5 52 3o 18 I 3 40 R T
T ARL $ (%) R SC A

e ARL T80 647 FAL B AR IR
EIFIESR, S8 5 P T T 1746 5 1Y Clean 5803 %)
JIEE EAT AL 3, A O T, S SR AN AT 2 Fi . DA
2 a] DU MY I b R B RO RSOR S I BR | T
V<] B 5 T s e R 2 e R 1) A A 0

4 ARL Hr#9) Clean 5535 1] PyCUDA 5575
CPU F1 GPU Bpfa] TAEZ44F T 5530, H Python i
T AE CPU 254 F 52 B, it 32 1R vk 30 S 10°
U P SEBL FR T R AN 3R 1 B, ik
[t Clean B3EAE CPU | [¥iz41H[A] 578 GPU
NIBATI TR H A

MFE T ATLUE 78 CPU 5 GPU hfalfE
T, PyCUDA SZ3R /) Clean B3k X 45041 11 4b
PERE R, i /T CPU R A Python 52
B Clean 5335 1) Ak FRECHE I (). >4 ERR /Ny
S12 B8R x512 BRI, B E 58/, BA 26 x
10* Z /247, N PSS R AN AR B 2, HUA A%



x| B H % ARL o Clean 3% oy JAT LA %

.03 .

-40

DEC-SIN/(°)
IS
W

-50

20 15

RA-SIN/(°)

a)lk

10

30
25
= 20
=
%
Eq) 15
Q
10
5
20 15 10 0
RA-SIN/(°)
b)iti
A2 ZRnlXAEYEESFRE
Fig.2 Dirty image and Clean image of
experimental data
%1 Clean F %+t Fnf 8] 64 rbix
Tablel Comparison of Clean
algorithm execution time
B {5 F /N T E]/ s I
/(BE x1BE)  Python PyCUDA =
512 x512 8.875 3. 666 2.42
1024 x 1024 27.289 5.263 5.19
2048 x 2048 95.240 12.369 7.69
4096 x 4096 457.186 40.712 11.23
8192 x 8192 1 803.011 170. 817 10.56

ZEAT B AR (U G R/INE K e )
TR T 4096 18 3 x 4096 QK 5, LLAT 53
FHEINE] 107 2 AR, Ik Eb 2R K s
AT BT HEBR RN 8192 B F x
8192 {4 F B, Clean 5 1 E CPU L #E iz 17
30 minA GEAF H 25 2 (I A SCSE 30 1 A7 3 ik
HFFEE 2 min A2 45 5] DAAS B 458, AT DLk 3]
10 f5 R P& 3, Bl R #7948 1 B[], 46 sy 1 ik
BT NIFAT R SE I E Clean SHILAEAN
[ SR /IN T Wk temT AB B, 2 EE
KONGRS, i b Bg %, 76 GPU iz 47y
HASCRAE R B2

4 458

EHXf SKA LS % % ARL i LGB %
Ak P e R G AH A EE A ) R B [, X
ARL H Clean 553k #EAT I AT AL BE 5T, $2 1 T
CPU Fl GPU Hp[d] TAEBLZT 9 H:47 1k Clean
S5 ¥ Clean S3E R FEMMS I PIAN B 43, B
P R ] P 412 3] e R L R B T 0 25 R R, R
MZLREIFFATALBE, FF ] syncthreads pR %K
PRUEZEAR R, JCIE A7 Ab B 22 Bk 4E CPU |
HATIAT , DI 58 RO T e dhe g A . 36 M 5
W AR ERIA Ak PRI B R SO N, AR SCHRE T
GPU I 474 1Y Clean 573k 5 CPU L/ #3 47
Clean FILAH L, vl LLAF] 10 A5 $2 .

AR Z . GPU 5 CPU HpfA] TAF,
BOA LB OO T, L, 45 i A
e GPU ERIE SR £ GPU B, DIE
E—L e ARL LB LI 1L.

SE k-

[1] DABBECH A,FERRARI C,MARY D,et al. More-
sane ; model reconstruction by synthesis-analysis
estimators-a sparse deconvolution algorithm for

radio interferometric imaging [ J ]. Astronomy &

Astrophysies ,2015,576:7.



.94 .

¥a5 0 201943 A 4534 % 52 4

(2]

(3]

(5]

(6]

(7]

BROEKEMA P C, VAN NIEUWPOORT R V,
BAL H E. The square kilometre array science
data processor; Preliminary compute platform
design [ J ]. Journal of Instrumentation, 2015, 10
(7):14.
VAN HEERDEN E, KARASTERGIOU A,
ROBERTS S J, et al. New approaches for the re-
al-time detection of binary pulsars with the
Square Kilometre Array (SKA)[C] // General
Assembly and Scientific Symposium. Piscataway ;
IEEE 20141 - 4.
LA CAMERA A,SCHREIBER L,DIOLAITI E,
et al. A method for space-variant deblurring with
application to adaptive optics imaging in astron-
omy[ J]. Astronomy & Astrophysics,2015,579:1.
HOGBOM J A. Aperture synthesis with a non-
regular distribution of interferometer baselines
[J]. Astronomy and Astrophysics Supplement
Series, 1974 ,15 :417.
BHATNAGAR S,CORNWELL T J. Scale sensi-
tive deconvolution of interferometric images-I:
adaptive scale pixel (Asp) decomposition [ J].
Astronomy & Astrophysics,2004,426(2) ;747.
CORNWELL T J. Multiscale CLEAN deconvo-lution
of radio synthesis images [J]. IEEE Journal of
Selected Topics in Signal Processing, 2008, 2
(5):793.
RAU U,CORNWELL T J. A multi-scale multi-
frequency deconvolution algorithm for synthesis
imaging in radio interferometry [ J]. Astronomy
& Astrophysics,2011,532:71.

ZHANG L,ZHANG M, LIU X. The adaptive-

[10]

[11]

[12]

[13]

[14]

[15]

[16 ]

loop-gain adaptive-scale Clean deconvolution of
radio interferometric images[ J|. Astrophysics &
Space Science,2016,361(5) :153.

CHENG J, XU L, LU Z, et al. Application of
wavelet clean for Mingantu Spectral Radio-helio-
graph imaging[ C ] /2017 International Sympo-
sium on Intelligent Signal Processing and Com-
munication Systems ( ISPACS ). Piscataway:
IEEE,2017 .81.

BOSE R. Lean Clean: deconvolution algorithm
for radar imaging of contiguous targets [ J ].
IEEE Transactions on Aerospace and Electronic
Systems,2011,47(3) :2190

CHEN L,LI L M,WAN G C,et al. A modified
Clean algorithm for improving aperture synthesis
observations of radio astronomy [ C ] // Progress
in Electromagnetic Research Symposium. Piscat-
away :IEEE ;2016 :144.

HUANG X, WANG K, HUANG L, et al. GPU
implementation for lo-regularized blind motion
deblurring[ C ] // IEEE International Conference
on Progress in Informatics and Computing. Pis-
cataway ; IEEE ;2016 ;597 - 601.

SHERRY M,SHEARER A. IMPAIR : massively
parallel deconvolution on the GPU[ C] // Image
Processing: Algorithms and Systems XI. [ S.
1. J:[s.n.],2013,8655(1) :84 —94.
SANDERS J, KANDROT E. CUDA by example
[ M ]. Boston: Addison-Wesley Professional ,
201018 -25.

Nvidia. CUDA C best practices guide [ M ].
American ; Nvidia ,2012.



