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Figure 1 An illustration of the DSL array: the mother satellite is on the left end of the array, the 8 low frequency daughter satellites line up along the
orbit, and the high frequency satellite is on the end of the right side. The communication link, clock synchronization and ranging measurement is
realized with microwave link, and the daughter satellites determine the direction vector towards the mother by observing its light beacon against a
background of stars.
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Figure 2 Low frequency satellite and its orthogonal tripole antenna.
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Figure 3 The mirror images due to the reflection of the lunar surface.
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U075 28 e T L2 B VO 2 i 38 T R M. S
br b, Xl e AR, BRI B
FROME— . 0h XS IR, T LI i O b o
N IEMAI, #h78 SE00 5 84S B, i i 6
JT) = J**(T) +R(T), ©)

b, AL —BUEEE R B I, 55 — 509 IE LT
Jdata(T) — ”Vsim _ Vobs”i (6)

N, | LR LTEE. NI L U AN R ALY
P—NEEZESR. BRANRCEEH T4 H Tikhonov
IENARII A 42748 7r (Reweighted Total Variation,
RTV)IEM{E!) B4 IE W4k (Hybrid Regulariza-
tion)!' . A=K A ThEFREL R IEME Tk, X IE
DU 75 3 A AT T 0 207 5 2 i e PR | 2% A SR A
/MBS R LTI B AL R JE]. A DL 7 40 AT 16 A 2
E, AR AR 7 B p e R e 1 e 5015 B,
S B A1) e 7 R 78 RAE AN 4 3 B AE B R
%41, Tikhonov 1E AL 77 20 A

R™M(T) = (T-T?)'E(T-TP), (7)
i, 24 Tikhonov IENALAERE, FATE K LB E AIE
Ee T BRALEEREL, TP 5E5e R IEl. Tikhonov Ik 44X i
TN~ TR 2O SR, A BT 7S g e 4 e e 1,
b T PR ATOUL I 1k 110 S 56 % Pt mT AR A ) N
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BB B e BRI B R,

RTVIE N4k 7 = ] BLE fE:
RYV(T) =W VT, ®)
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B, BT, || R0 AL RTVIE ML IE D 50
IE £ B 5 T 2230 B Al 3 L2
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HAAR S (TV)IE AL G AR FFL RN S, 7EA 20
oL e PR Dy 52 ) [, ER B T RG4S AL 245
B E NI AT DL £

R™(T) = 7|(1 - )|TR + o]V T, ©)

1, T A E AL 77 B ) SR 8, 07 X
No = average{K(%HV T| )], K(x)yminmax )5 —4t R 4L
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LEIOL: R PN LRSS N IR S S SN TR |
DIAEM@ R EE R RS R T O LR 5%
PEFAL 0T B = AL T
i +A,min
2

R (T) =1, T

g
G(T)+ g

T+%ﬂ, (10)
2

o, A AN IENAC S, gMit)yhiks B H 211 &,
G(T) N E K B AN 56 R B 42 K A D 223 2 [A) 1)
AT ZE 5. AR A DR 20 R B8 M AR £ B S it
BRI SIS R, AT A R S AR 78 6
Wef 5 B R

N EmENEE, kR T 24
WS SR E B A LR B, AR S AT
ARG, NI SE LA 250 ) Mk 75 R0 Oy 52 1) [ I
REEBILSG . SO REATE R, thAh, 52k
R BI S0 N B R 2 1) SR T B0 of 5 g B0,
B TR e N A BRI RS () AR % 1w (R, OCEAE R
HAEERTSRRNRERGER, RASGE KR EE 6t
SR i

MR 5, FEIEREEHNE LT
TR, D& BB Y B RFAE - B 0% PR AL BRI
BEEAE. T BRI, AN A T T
Wi &3 A8 2 A (TSVD) . M Sk 01 H 3 7% (Aug-
mented Lagrangian Method, ALM) A HARAFI/ N L&

¥ FE T F%(Mini-Batch Gradient Descent)ZE b R
ATEFXHESR . AR TSVD 2 A A28 1 SR 106 2 o B X
fife, fe LA R/ 3R 77 S R . TSVDA>fif 2
EHAEFEEATSVD 2 E,

H=UZW'" (11)

WP HEFE = nx (e BEHHER) T 82 IEFH
XA TCHUE RO R AT EE, [EILPEE,
BET A5 B HA Oy

H ' = Uz 'wh, (12)
Ho LRI = | V. et sRi 7E Tikhonov IE M 4k,
A AL A
T=HH+E) H(V-HT)+T7, (13)
AT EEATHE, XA &/
BT RA B, AN Rl kR r) 35
RS
ALMZE 5L RRA% BF 0 25 T AN [R) 29 3R 15 7 19 1 )
AT LI PR S AR AR, 7E B AR A
DNZGEL R, kAR A

TH! = argminT[(J“’t)k},
gk+1 — gk +11G(T)k+l, (14)
£ = min(Z, T4+ ¢4,0),

I3 I 2 TRk 72 4B SR 78 SCIE A T £ 2 B i B2 A
FE, SEBLIE A S50 IS RS

FKAltth, #Z# J7 1A% (Alternating Direction
Method of Multipliers, ADMM)/& 31 Hi 4% B H
PR E ) AR AAE SR AR AR 2 —, F AP AE AT R
MG R, B G SRR AT IR L. 0 AR
S R ) R SR AR AR R oy R R AR AR R
AR, GRS B E e A0 i R R
WS, 4> 244 B 4% 2 (Split Bregman) & ADMMH]
9, %M1, Tikhonov&EdE 6T IE WAk im) @15 1t, 1%
AR i, o 75 WA EE AR &, 78 B AL 3 45
TIAG RIS Rk, & A TRTVIEN LA &
BT AR AR, X FRTVIENfL, 785 N5BhAR
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B G5 il 9 an R AN AR ) A
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TR A TE ML, 7T DARALH 2 i
T = argming[J % + 2(1 - )| Tl
+¢41d" — v T~ b5,
(16)
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2
+451d— vV T = b5
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PL O SR 52 24 BRR B O(n),  Ja Stk it
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FEST T RER 255 AR T, BRI s g Bl er £k
(Point Spread Function, PSF)H 51 1FE L Euv F-1H
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1
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0
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Clean) A ISR L 5] N7 H3E BN BB, 769K
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M2 R EL R AR RE ). HE— Db, BRI I
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VB — .
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1
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Figure 4 A dirty image (left) and the cleaned image (right) of the Sun from the DAocheng solar Radio Telescope (DART).
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Al REEGKICLEANE BRI R A KL, i
FRA AR, (BB RS, G FEA R, A
LU A AR I . B SR B A B A 75K B
BN TERERARMIIL AR, WES I EERBKES
R ARRE YRS N P DN | 32 J e ey PRtk E L e B
P, D5 T B R SR il 1 S IR e M
SOEN MRS R R R R, BB
i 2] R B A R G AL L T PR R AR R RS ) S B0 A5
B, AT BRI B & . X R, M
2% n] UL I J5) 3 ek 52 B 4 X PR 1) S0 5 IA SR AL,
7] e R P 3 2 46 4 e IR = A R ) o 0 P54 2K ]
A, B PR I ARIERE . AN, SIGEE L
A B TR TR 2 RUE S B2, A o LM
25 WU 3 5N 3 5 R i PR AR AR ) S PE  EAR
PE, T 265 28 5 A2 73 B G 4 2 TR R 46 5 25 1
B R AR RE.

AR, O B AR E S5 AN T

B35, FAEZ A S S . B,
Terris® AP R Gt b T 22 Fhig B 1 4k B 5B 4
15, SR T ARG R R 2 L 4y R B A T T Y
PERE; GhellerflVazzal® LK 25 U B 25t 1 4 i 23
TRICEGIEN, A RANH 1S TR T M
58 R NP SKA AR S B AR ), 42T
FETHRZEMA S EMES, TRER T EdE K3 g
FE RS T 9 B Ab 38 rh (05 2 1%, Aghabiglou®s
B3R W R2D2 2 51 X 4% U g 7R 1 7 %5 7 5 6
JE 2 ARG KA a8 1B, SRR T R A
A TTFEAE VLA HI3C391 EMZR 45 2R,

it G kAL, RS S DT EAMU R A8 5K
AR L 1t ik e ) A 20 v @ ALOLF, T HoG 7 W2l
A RBUFEY,  BeE TE R i IE B FROULI 2% 14
MU bR, SRT, X FET7I2BHE s — Le 3 SEHk
. e T 2 A A R AERIEGE LIIZRE R, HAE
BSOS HE Rz AGRE AR EEAR. R, R4
TR 5 2] A AR 2 50 RSCY) BN RV AR RE 77, AT
TEAE A KA A SEPR B SRS, A, TR
JEE P28 ) 24 25 A6 2 2%, AR %) ] AR M A P 428 P AR O A
559, MELAERIIME S5 h i R W S AR

M ARK, FHOCHE T Bl S KT FE S R4t
BIRAG R i, T RETH RIS R S5 /R S — 3ehE
REE 5 2 7 iE 9T BB FEAS EE 7 )

— R R T VI SRR o 2R AR DL R A
WHENIBE S, XIS B IR I N SR T
AN S KR E OB ), ReF A A9 1E
552 RIEESHFHE, A 388 5 53 ER B,

TR SR T BT B 42 N 4% (Physics-In-
formed Neural Networks, PINNs) 1] /7%, i # A\ K
FAG H I BR 56, 29 A 42 I 2 I ok 7, %6
PRI [ 3 A UL 5 i 5 P B, X SRV RE I
Tl A% G iR B 5 2] 7106 B bR v 0 ) A, 722K
P R R O M P 2 1 AR AR LA RIF Sk

TP EIR AR SCIIE S5 T & NI RE T, 2%
WIS A Z 5 B S b 25 M LASREN ) (] /5, 3
W FOECHE G 5 AT B IS N TG R A S AR,
— 3D TR AT UL KR B S oW 7 ¢ )3 A
Ae. KRR, A HRR KA 5 PINNSHA Y 1 A SRR B 2
SITE B A R SCEHE TV AN %0 J7 ), 1 S AR
AN R S E — B EIR, AN — R s

%Y*ﬁ?

&
Y

109520-10



Wi 5. spE RS WS D1 R0

2026 £ Hs56%E 10 #

B 5 VLAMMIK3C 39 1 B () A i 2 ) RIS B ()

Figure 5 The VLA observed 3C 391 dirty image (left) and the clean image reconstructed using the deep learning algorithm (right).
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The cislunar orbit low frequency radio observatory, also known as the Discovering Sky at the Longest wavelength (DSL)
mission or Hongmeng mission, will deploy multiple satellites along the same orbit around the Moon, forming a linear
array to conduct spaceborne low-frequency radio astronomical observations on the far side of the Moon. This will open
up a new part of the electromagnetic spectrum, providing the first high-resolution full-sky images in the ultralong
wavelength band below 30 MHz which we shall refer to as the ultralong wavelength band, and obtaining information
such as the intensity, spectrum, and distribution of astronomical radio sources in this band. Due to the unique
characteristics of the lunar orbiting formation satellite array, the ultralong wavelength astronomical observation array
features an all-sky field of view, three-dimensional dynamic non-coplanar baselines, and challenges such as time-varying
lunar occultation. Conventional imaging techniques commonly used for ground-based arrays cannot be directly applied.
At the same time, the data volume and computational requirements for achieving high-resolution full-sky imaging are
substantial, placing high demands on the speed, efficiency, and parallel processing capabilities of imaging algorithms.
This paper provides a review of research on imaging methods for lunar orbiting satellite arrays.

space astronomy, radio astronomy, interferometry, synthesis imaging, algorithm, sky survey, Hongmeng mission
(DSL mission)

PACS: 95.55.-n, 95.55.Jz, 95.75.Kk, 95.75.Mn, 95.75.Pq, 95.80.4p
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