EE‘%):E-/HI']E’HQBH%TEEI%1 ERIE
7k

BR05 - X!

| hERSRERSER SN LR 100190
2 FERZERAFE JET 100190

i E AEENMEREIEX SRt BT ETEIREENg2— AFRER
MBIRESFERRIL. B8, FRBIEESRW, SEEHEETRRGHRNEGRH
BtfRERERERE, (BIRZWAEEE. FNEXQTT—IET AL 22NSE
ERLE, REREECRNTER, BETRMNEGSAFEAE. #ih, FRT—
MEFEEEFINAAPOMAERG. RENRIESZE. BYBRRESKIENS, &
BZRENIGIEHRE, SSMYZEBEERNAEBIRRUESREHIAEIR, HITMUER
IE. [A LOFAR TMRYKBHENSEIE (105 MR, 23,292 KER, SREECE
19.9~78.5 MHz) AfliH{T 75, SLRERFRPEZEBERUEMERE, FIE 7.17
RIS, IBERES 6.18 WY (fps) .

K§Ein BEEE, AMSTEERER. AERE. TRESREMS
FESES P352

Position Correction Method for Solar Radio Images under

Ionospheric Influence

Haoming Dai "2 Li Deng !

1 National Space Science Center, CAS.
2 University of Chinese Academy of Sciences

Abstract The ionospheric influence is one of the major challenges in
low-frequency radio astronomy data processing. Effects such as absorption,
scattering, and Faraday rotation caused by the ionosphere can lead to positional
shifts of target sources in images obtained by ground-based telescopes, with the
impact being particularly significant at low frequencies. This paper first designs a
fully connected network based on an Autoencoder (AE) model to classify telescope
observation images into "good" and "bad" categories. Subsequently, an
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unsupervised learning-based algorithm for solar position identification, tracking,
and correction is developed. Through a target tracking and correction network
combined with an iterative validation model, this algorithm performs position
correction on video images where the target source position is shifted due to
ionospheric effects. Experiments conducted on LOFAR solar image sequences (105
videos, 23,292 images; frequency range 19.9~78.5 MHz) demonstrate that the
proposed algorithm effectively corrects ionospheric positional deviations. It
converges within an average of 7.17 iterations at a processing speed of 6.18 frames
per second (fps).

Key words Ionospheric effects, Solar radio images, position correction,
Unsupervised tracking neural network
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Table 1 Results of the lonospheric Interference Image Classification Algorithm.

BiEs RS YRS EHE R Fl-score
LOFAR 97.28% 97.34% 97.79% 97.56%

* 1M REY, AE W] DUA R AR K, dEfEe . e, [RHRERAR R
T 97U%kiT .

Training_Loss_with_Dynamic_Weight
Total Loss AE Loss

(a) 014 —o~ Train Loss (b) —e— Train AE Loss

- Val Loss ~#- Val AE Loss

0.076

0074

0.072

© tpoch (d) ooch

Clussikgf@ Loss Validation Accuracy

013 —e— Train €IS loss
—m- Val CLS Loss 97,50

5 AE DEMEIGEMVXE MR REFEFHETLE

Fig. 5 Loss and Accuracy Curves of the AE Classification Network on Training and Test
Sets.

Bl 5 4R, JIZnd i AE $2RHF CLS FRIFHT NIE. BRI KER BAAERUD
LA (B 5 (), (H R T HE 4 2k R B AL, S 40 2k R B e M S A I 258 BB AC TR
FF—8 TRk HERZR 2008 97%, HIF AR B0 2% bR RN T2 7 o

N THFRATN 2 AR B AT 70 b, W 60 Hh 3 —1T(a)(b)(c)(d): Fric NEF (1),
W 288 AR (0). 28 AT (e)(P(g)(h): Fric NINEL, W2 i A

© BRI https://spaceweather.astron.nl/SolarKSP/data/atdb_process/solar_target_imaging/



0 101pald
T 19geT

T 101paid
0 19geT

6 ML ERNERTEE,
Fig. 6 Examples of Misclassified Images by the Network.

FREG, BARAEAI R PHACEE, (H [ A g 7 AR o 3K A B4R e 1 W72 e
KL RN, J& T 70 BB o R SO B R S 7 B A s, A S RA
32 ERRERARIE

W E R RS, Bhmd NI 23292 5k BURME N EREZAIRR IEM 48 AN . IX 28
K&K H LOFAR B35 2013 4F 5 F 28 8 H JIHAC 3¢ 1) 105 A IAL S, 78 55 1143t SBOOO
% SB012. HFASTHT (7 9 195.3 kHz, BN 5% B 454 7331 9 SBO0O: 19.9, SBOOL:
24.8, SB002: 29.7, SBO03: 34.6, SBO04: 39.5, SBOO5: 44.3, SBO06: 49.2, SBOO7: 54.1, SB0O08: 59.0,
SB009: 63.9, SBO10: 68.7, SBO11: 73.6, SBO12: 78.5. £3:4%, 105 MMLAIL: SIfAbH i %,
ERRE, ZIBBPHSE R 2.

F 2 XRERAME, ERIRE, BLESBGITR

Table 2 Statistical Table of FPS, Iteration Error, and Termination Step Count for

Experimental Results

giit& M2 fps BRIRE (BR KLY

BE 6.18 1.92 7.17
PriEE 1.56 9.99 3.44
Az 5.8 0.8 7
B/ME 3.2 0.3 2
Bl 10.6 103.1 19

AR E7RPAI 1142438 SAPO00 _SBO08 @ A AR BESE B . iZ M T 2013 %6 H 2
H{# H LOFAR #%-0ik A 10:00:00.6 £ 13:58:59.1 MMM, #5% A 59.0 MHz. X+ 1Z W N F
swUDT FykfEas R IWLE 7 F1E 8.



2o
&8
"
2
3

Steps Difference (pix)

3
H
£
5
@

71142438_SAP000_SB008 A9+ 1E3& .
Fig. 7 Results for Ten Key Frames from Video L142438_SAP000_SB008.
7 R TSGR, Heh L EART TR AR, TREER LIRS
AR PGER 8] ez B2 BEEAR R AR R 5 o 3 2k B B A0 0 i e E ISR S
%, B 1 MERASHEL . LRV, BIEE 4 RIEREREL N T RREESUE IR,
FOEIEREEE 9 P71k,

(a)

Frame-wise Displacement

—— Displacement

2 g B

I

Displacement (pixels)

¥ “Frame Index
(b) = Frame-wise D:’;omncq
T; 5 Difference
Frame Index
(C) Framae-:ls:;snn
x PSNR
e | M
S [
%2 " WUl Ny
¢ * m;rame Index e
(d) Step Difference for Video
=10 L142438 SAPO00O_SB0O08_uv (diff < 1)
X 7 T
E. END:diffie 1 —— Difference between steps
o 81— Difference = 1
V]
o 61
—
(]
=
o
%]
o
T e o Vo TURSIE NS EREN SRS R S S,
-t
V]

0 2 4 6 8 10 12 14 16 18 20
Step
&l 8 M L142438_SAP000_SBO08 FE M (). FMiZEF(b). FM PSNR(0)U K IERIRZ ().
Fig. 8 Per-frame Analysis of Video L142438_SAP000_SB008: (a) Displacement, (b)
Difference, (c) PSNR, (d) Iteration Error.



10

Kl 8 XA L142438_SAPO00_SBOO08 & Mi 74T - Kl 8(a)Z 7~ A BHAL B AR H o 1)
fRFEEE B, W] WLAFIT EUZ IR KN B 8(b) R i Ja — AR AR 58 IR 22 5% . AU
L 239 i, A 237 MiZER/NT 2 MEER, U 2 ER KT 2 MiE. Bl 8(c)hEEmEE T
PSNR. K 8(d) Wik SUSFE, H i 4R PRk 25, AL 1E sk
KPS, R 1 MERNSHL. Step=0 M BER RV THMWE, HIEE 4 ERE
paec s/ 8

K 7 fE 8 RILRISE FAEsSE, REFEHEEERM, swUDT Bdd kR Mk, e
A R F R R PE AL B, SEBICS . RE 1 R e B K (5 0 R AT BE A7 R A
B, AHZIE SR T DA A AT AT I
4 g

AT T — AN ET AE B BORBHEUR 22250715, JTiERER RN 97.28%. [FINF, it
T swUDT BTGB 52 > W4, IR AT ) Fl S ) 25 65 B 9251 45, A8 0 e e 125 22 R ) PR A
AERRARIC MR In) s (S FAESRIRER T2, 7R R A BARF 3 K SR RF b AT e o, SEIE
IR S R, BT SEI PR RIRECY 717 K, EEESH 6.18 Wi/
(fps) o« swUDT HJ#E] N £ LOFAR Z A1) HAh 5 H B e B 5l - A SO AL SR 4 52 L
B JE R A A B A 1K BH S L B SR i —Fh o B IR 72, Aokt — P 4G s
SRR RY B SRR, 34T B AR i A e E AR IR .

S Rk

[1] CHEGE J K, JORDAN C H, LYNCH C, et a/. Simulations of ionospheric refraction
on radio interferometric data[J]]. Publications of the Astronomical Society of Australia,
2021, 38: €028. DOI: 10.1017/pasa.2021.22

[2] PALS K, DATTA A, MAZUMDER A. lonospheric effect on the synthetic Epoch of
Reionization observations with the SKAl-Low[]]. Journal of Cosmology and
Astroparticle Physics, 2025, 2025(2): 58. DOI: 10.1088/1475-7516/2025/02/058

[3] YANG W ], WANG Z, WANG M Y, et a/. A novel low-frequency radio
astronomical observation array (1 ~ 90 MHz) and its first light[J]. Research in
Astronomy and Astrophysics, 2023, 23(12): 125007. DOI: 10.1088/1674-4527/acf6bl

[4] BALE S D, SLOSAR A. LuSEE Night: the lunar surface electromagnetics
experiment[C]//Proceedings of SPIE 13092, Space Telescopes and Instrumentation
2024 Optical, Infrared, and Millimeter Wave. Yokohama: SPIE, 2024: 1309220. DOI:
10.1117/12.3019515

[5] GROENEVELD C, VAN WEEREN R ], OSINGA E, et a/. Characterization of the
decametre sky at subarcminute resolution[]]. Nature Astronomy, 2024, 8(6): 786-795.
DOI: 10.1038/s41550-024-02266-z

[6] ZHANG P ], OFFRINGA A R, ZUCCA P, et al. RFI flagging in solar and space
weather low frequency radio observations[]]. Monthly Notices of the Royal
Astronomical Society, 2023, 521(1): 630-637. DOI: 10.1093/mnras/stad491

[7] ZHANG P ], MOROSAN D E, ZUCCA P, et al Imaging spectroscopy of a
spectral bump in a type Il radio burst[J]. Astronomy & Astrophysics, 2024, 684: .22

[8] ZHANG P ], ZUCCA P, KOZAREV K, et al Imaging of the quiet sun in the
frequency range of 20-80 MHZz[J]. The Astrophysical Journal, 2022, 932(1): 17

[9] AUBIER M, LEBLANC Y, BOISCHOT A. Observations of the quiet sun at
decameter wavelengths - effects of scattering on the brightness distribution[J].

10



11

Astronomy and Astrophysics, 1971, 12: 435

[10] MELNIK 'V N, SHEPELEV V A, POEDTS S, et a/. Interferometric observations
of the quiet sun at 20 and 25 MHz in May 2014[]]. Solar Physics, 2018, 293(6): 97. DOI:
10.1007/s11207-018-1316-3

[11] RAMESH R, NATARAJ H S, KATHIRAVAN C, et al/ The equatorial
background solar corona during solar minimum[J]]. 7he Astrophysical Journal, 2006,
648(1): 707-711. DOI: 10.1086/505677

[12] SHARMA R, OBEROI D. Propagation effects in quiet sun observations at
meter wavelengths[]]. 7he Astrophysical Journal, 2020, 903(2): 126

[13] VAN HAARLEM M P, WISE M W, GUNST A W, et a/. LOFAR: the
low-frequency array[J]. Astronomy & Astrophysics, 2013, 556: A2

[14] VAN DIEPEN G, DIJKEMA T J, OFFRINGA A. DPPP: default pre-processing
pipeline[CP/OL]. (2018) [2026-02-01]. https://ascl.net/1804.003

[15] WANG N, SONG Y B, MA C, et al. Unsupervised deep tracking[C]//2019
IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR). Long Beach:
IEEE, 2019: 1308-1317

R, 3B, 2021 F4 BAETIARTEEX, AXFERNERAE BER=EREPOCBLARE. TBRRTRAGELE
EmEEGRLEE.

SBEE, %, 1981 £ 10 BHATHILEHMT, AATENZRERZEHNFROHRR, ELESE, TEHRIIE
ANBRRGELLE, FHERWZA,



