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Abstract: Intense solar activity is a major driver of hazardous space weather. The associated processes, in-
cluding strong electromagnetic radiation, plasma ejections, and high-energy particle acceleration, can significantly
disturb the Sun-Earth environment within a short time and further trigger a series of chain effects such as iono-
spheric disturbances and high-frequency communication interruptions, thereby posing serious threats to critical sec-

tors including aviation, aerospace, and telecommunications. With the continuous advancement of space technology,
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society has placed increasingly higher demands on space-weather monitoring with high accuracy and reliability.
Consequently, the development of high-performance solar radio observing systems has become an important ap-
proach to improving space-weather forecasting and mitigation capabilities. In solar physics, radio emissions at dif-
ferent frequencies correspond to radiation mechanisms occurring at different heights and under different plasma-
density conditions in the solar atmosphere. Therefore, obtaining observational data with the broadest possible fre-
quency coverage is not only crucial for revealing the acceleration mechanisms of high-energy electrons in solar
flares, but also provides important support for understanding the spatiotemporal evolution of solar eruptions. From
the perspective of instrumentation development, it is thus of great significance to establish solar radio observing
systems with broader frequency coverage and higher temporal and spectral resolutions. This paper systematically
reviews the development of solar radio observing instruments worldwide, summarizes the structural characteristics
of representative radio telescopes and spectrometers from the decimeter, centimeter, to millimeter wavelength
bands, and compares their system designs, signal-processing chains, and frequency coverage. On this basis, the cur-
rent status of solar radio observing facilities is analyzed, and the key technical bottlenecks and future development
trends are discussed. It is hoped that this review will provide useful references for the planning, design, and key-
technology development of future solar radio observing systems.

Keywords: solar physics; radio observation; instrument development; radiometer; broadband spectrometer;

signal processing
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Fig. 1 The system architecture of a solar radio spectrometer
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Fig. 2 (a) National Astronomical Observatories, Huairou F10.7 cm radio fluxmeter; (b) The Nobeyama Radio Polarimeters (NoRP),
Japan (image source: https://sun.bao.ac.cn/SHDA/index.html; https://www.nro.nao.ac.jp/en/public/teles.html)
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Fig. 4 Fine structure of solar radio spectrum (image source: http:/47.104.87.104/SRData/CBSm/RadioBurstEvent/typell/jpg2/CBSm
2024-05-08T234140c.jpg)
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Fig. 5 (a) The 35-40 GHz millimeter-wave solar radio spectroscopic observation system; (b) Chashan Broadband Solar Radio spec-
trometer at a meter wavelength of the Chinese Meridian Project Phase II; (c) The HSRS radio spectrometer at the Royal Obser-
vatory of Belgium (image source: https://sidc.be/humain/home)
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Table 1 Comparison of existing solar radio spectrometer systems
A TR E% $i6/GHz i) 439838 /ms AR PR
Mt s GHES| 2.84 1 -
iy y NoRP HA 1.2.3.75. 94, 17,35 1000 .
Hiiih= g SSRT % 2~24 / 1375 MHz/point, 16 points
ATt RT-1.8 752 112 1 -
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B Culgoora TRKFE 0.018~1.8 - 3 MHz
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gAY CBScm i 6~15 2.1 3 MHz
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Fig. 6 Antenna types. (a) Conventional parabolic; (b) Cassegrain; (c) Log—periodic
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R ATE ], DURE SR 515 54 R G0 A IR R S I,
[E B By 1 A5 5 ol R FE IR R 4 . R EBEA. Ik
Ah, N R TE A I oK, AR I il 7 B R AF
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XTSI AR VG 43 BT FH S HL I B U ) 5.
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EE ) 5 AR B2, X T HH 22 G 284 DA s ) AU, il
Uig, MRS REHOTHAR (1) FR:
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Y RS A 7y HE. B =l s B ADC
FORBR R, HeT EHER AR B 18 R AT 1 40
BRGS0 BT 1 e s S EE U 2R B 1) 2 B R U )
TERF M TR ER 4>, FPGA Aty H AT AL FH RS /798
SEINHPE R AR SR E R, ORI
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TERR CRAPRUE BAREL AN ST lEIRIEATREHE) L&
AR CR A e B D) R AR L o i R R
b JE I EE 7T TR BRE s e, 25 (A R A Pl
e % & vl E s LT, SR FL A SR B A T AR HE XS
RIT NEEARTESRN R E R, WA RS H YRI5y
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RyRE RGN K 2T 50 (1) EAIHLEL, RARE
RGO BAET 1 AL, RaARK RGO
FIRAS IR BRI B E, S 8 To AL

B A 2 DK 0 95 B A B S5 L 2 S 2 1 A5 A O
53K, Shang %% (2023) {K¥L 35~40 GHz =K%
DX BRI AT A, 254 1 2 T3 H AR 58 A
HE Eg, Wi HREREETAX (6 #HH
HOKBHTE 37.25 GHz 452 B 8 11636 K
(hrifEZ 652 KD . MG, 56 KPHTHER S
JEE U PEE TR RIS, 5 DAUCPIEL i M 75 JI5A 55 5 Jl i
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PORZE B H R 138102 K, vEFIE, o
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JEE ARSI NoF 7 (14 K B S5 FELR S U Fsun_ modet (Tsuns V).
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i 0.9995 [y PERE SEAA, [RIEE, 3830 AR A R
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HE AEMIERE E, Xu & (2026) 3 KR ML
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Fig. 7 The spectral characteristics of various types of solar eruptions (image source: http://47.104.87.104/SRData/CBSm/

RadioBurstEvent)
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Fig. 8 Zenith atmospheric transmission at the ALMA site
under several typical precipitable water vapour (PWYV)
conditions. (image source: https://help.almascience.
org/file.php/1322953 YHPMNKZQAWNQDGDO0/atmo.
png)
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(B F2K8: https://www.jpl.nasa.gov/images/pia25789-
completed-sunrise-smallsats-pictured-together/)

Fig. 9 Photograph of the satellites for the six-satellite forma-
tion distributed radio interferometry mission (image
source: https://www.jpl.nasa.gov/images/pia25789-com-
pleted-sunrise-smallsats-pictured-together/)
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K ¥ : https://www.esa.int/ESA_Multimedia/Images/
2018/04/Core_of LOFAR radio_astronomy_net-
work)

Fig. 10 The LOFAR array core for low-frequency signal detec-
tion (image source: https://www.esa.int/ESA_Multime-
dia/Images/2018/04/Core_of LOFAR_ radio_astron-
omy_network)
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