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Far side of the moon

Lunar-based low-frequency radio projects in history
• In 1964, Gorgolewski proposed to build a synthetic aperture array

on the moon and its orbit.
• In 1985, Burns proposed long-baseline lunar-earth interferometry.
• In 1990, Douglas and Smith proposed to establish a 15*15Km

square array.
• Lunar Radio eXpriment (LRX) led by ESA.
• The Dark Age Lunar Interferometer (DALI) funded by NASA.
• Lunar Array for Radio Cosmology (LARC).
• ESA, Farside Explorer Project, Lunar Back in 2025, L2 relay star,

low-frequency radio interferometer, solar system, outer space
outside the solar system.

• NASA's FARSIDE plan to place a low-frequency interference array
on the back of the moon.

Chang‘e-4 was the first space probe landed on the far-side of the moon!
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Moon (sunlight that is reflected off of Earth), and since the L2 point is significantly closer to the 
Moon than is Earth, impact flashes would be detectable for objects considerably smaller than could be 
seen from a comparable optical system on Earth’s surface.  

In combination with simultaneous seismic measurements on the surface, these impact flash 
measurements will make it possible to constrain both the present day impact flux and size-frequency 
distribution of centimeter to meter sized near-Earth objects. Through long-term monitoring, both 
temporal and spatial variations in the impact flux on the Moon would be quantified (Le Feuvre and 
Wieczorek 2011), allowing for a better understanding of near-Earth objects. 

 
FARSIDE will exploit these three unique properties of the Moon’s farside hemisphere and will 

make synergistic measurements from both orbit and the surface. The lander will contain a suite of 
state-of-the-art astronomical, geophysical, and geochemical instruments, including: a radio astronomy 
experiment, a broad-band seismometer for lunar internal structure and impact investigations, a heat 
flow probe for thermal evolution and bulk composition studies, an electromagnetic sounder for 
electrical conductivity and temperature profile estimation, a gamma-ray spectrometer to provide 
compositional measurements of the South Pole-Aitken basin interior, a radon and polonium detector 
for monitoring of degassing events and exosphere dynamics, and a surface camera for landing site 
characterization and monitoring. The relay satellite will contain an impact flash camera for the 
monitoring of impact hazards, a magnetometer for electromagnetic sounding of the lunar interior, and 
a second radio-astronomy receiver for interferometric measurements. 

The surface payload of FARSIDE contains all instruments that the International Lunar Network 
(Morgan and the ILN WG1, 2009) identified as core instruments for any future geophysical network. 
The following three sections describe the radio astronomy, lunar science, and impact monitoring 
objectives of the FARSIDE mission (Mimoun et al. 2010). Following these sections, synergies 
between FARSIDE measurements and other spacecraft and Earth-based observations are discussed. 

2.1. Radio Astronomy 
The Moon, in contrast to Earth, has an extremely thin ionosphere that allows radio-frequency 

measurements from its surface down to 500 kHz during the day, and even lower during the night. Its 
farside hemisphere is shielded from terrestrial radio interference, lightning, and auroral radio 
emissions, and during the lunar night the farside is also shielded from strong solar emissions (Figure 
5). For these reasons, the farside of the Moon has been considered to be an excellent site for low-
frequency radio astronomy since the 1960s (Bely et al. 1997, Takahashi 2003, Jester and Falcke 2009, 
Woan 2011). 

 
 

 
 
Figure 5.  Attenuation of a 60 kHz continuous plane radio wave (incident 
from the left), as it propagates through and around the Moon. On the 
farside, at latitudes equatorward of ~45°, strong radio signals originating 
from the Earth, Sun, or Jupiter, would be attenuated in strength by more 
than a factor of 1010 (Takahashi 2003).  
 
 
 
 

 
The two Radio Astronomy Explorer satellites, RAE-1 and RAE-2, launched respectively in 1968 

and 1973 (Alexander et al. 1975), are the only dedicated radio-astronomy missions to have made 
observations in the low-frequency range from 0.02 to 13.1 MHz. The RAE-1, in orbit around Earth, 
encountered severe terrestrial radio-frequency interference (RFI), which made the data practically 
useless for radio astronomy. Though solar and planetary studies can be performed from spacecraft 
above Earth’s ionosphere, such observations are made in permanent view of strong contaminating 
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Actual PhotoLocation of Antennas

• Designed and made by Aerospace
Information Research Institute

• Antennas A, B, C (5m)
• Antenna D (20cm)

LFRS
Low frequency：0.1-2MHz
High frequency：1-40MHz
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Scientific Goals

Solar Radio Bursts Solar Burst Intensity
Peak intensity： 10!"#Wm!$Hz!"
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Jupiter's radio burst • Bernard Burke and Kenneth Franklin found
• 𝑆 = 1.21 ×10!"#𝑊/(𝑚" · 𝐻𝑧)

• 1955, 22.2MHz
• L burst、S burst
• Cyclotron radiation

Jupiter: radiation belts

Burke, B. F. and K. L. Franklin, Observations of a variable radio 
source associated with the planet Jupiter.

Scientific Goals
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The 4th trace on the 23rd moon day

Each trace has :
• 4096 points,
• sampling rate

100MHz,
• total length

40.96us.

The interval between
two adjacent traces is
about 1.0 second.
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2nd trace, 3rd moon day

The signals of A antenna on different moon days

2nd trace, 5th moon day 2nd trace, 10th moon day

2nd trace, 15th moon day 2nd trace, 20th moon day 2nd trace, 24th moon day
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Basic ideas

𝑆' 𝑡 = 𝛼'(𝑡)𝐼 𝑡 + 𝛽'(𝑡)𝐶 𝑡 + 𝑁' 𝑡

𝑆( 𝑡 = 𝛼((𝑡)𝐼 𝑡 + 𝛽((𝑡)𝐶 𝑡 + 𝑁( 𝑡

𝑆) 𝑡 = 𝛼)(𝑡)𝐼 𝑡 + 𝛽)(𝑡)𝐶 𝑡 + 𝑁) 𝑡

The composition of the raw signals： Platform interference 𝐼 𝑡 ; Astronomical
signal 𝐶 𝑡 ; Receiver noise 𝑁 𝑡 ; Projection coefficients 𝛼', 𝛼(, 𝛼), 𝛽', 𝛽(, and 𝛽).

1. Platform interference： Coherent (High correlation), Relatively strong.
2. Astronomical signal： Coherent (High correlation); Relatively weak.
3. Receiver’s noise：Incoherent (No correlation).

Decompose raw signals into coherent CLEAN Model Signals and
partially coherent Residual Signals!
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Basic ideas

𝐴 𝑡 = 1.0 cos 2𝜋𝑓*𝑡 + 0.5 cos 2𝜋𝑓+𝑡 +
,
+ +𝑁*(𝑡),

𝐵 𝑡 = 0.5 cos 2𝜋𝑓*𝑡 + 1.0 cos 2𝜋𝑓+𝑡 +
𝜋
2
+ 𝑁+(𝑡)

Demonstration of CLEAN by Simulated Data

𝑓* = 4.137 Hz
𝑓+ = 6.124 Hz

𝑁*(𝑡) and 𝑁+(𝑡) are independent random Gaussian 
noises, with σ = 1.0 . 
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Basic ideas Demonstration of CLEAN by Simulated Data

1st iteration

𝜔% = 2𝜋 1 4.185𝐻𝑧

𝑀%
& = 1.267

𝑀%
' = 0.607

𝜑%& = −0.08
𝜑%' = −0.08

𝛿𝑀%
& cos 𝜔%𝑡 + 𝜑%&

𝛿𝑀%
' cos 𝜔%𝑡 + 𝜑%'

CLEAN Gain 𝛿=0.2.
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Basic ideas Demonstration of CLEAN by Simulated Data

2nd iteration

𝜔% = 2𝜋 1 6.083𝐻𝑧

𝑀%
& = 0.574

𝑀%
' = 1.185

𝜑%& = 1.705
𝜑%' = 1.675

𝛿𝑀%
& cos 𝜔%𝑡 + 𝜑%&

𝛿𝑀%
' cos 𝜔%𝑡 + 𝜑%'

CLEAN Gain 𝛿=0.2.
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Basic ideas Demonstration of CLEAN by Simulated Data
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The CLEAN Algorithm

𝑓$% 𝑡 = 𝑓$% 𝑡 − 𝛿𝑀&
% cos 𝜔&𝑡 + 𝜑&%

𝑓$' 𝑡 = 𝑓$' 𝑡 − 𝛿𝑀&
' cos 𝜔&𝑡 + 𝜑&'

𝑓&()% 𝑡 = 𝑓&()% 𝑡 + 𝛿𝑀&
% cos 𝜔&𝑡 + 𝜑&%

𝑓&()' 𝑡 = 𝑓&()' 𝑡 + 𝛿 𝑀&
' cos 𝜔&𝑡 + 𝜑&'
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The 1st trace on the 23rd moon day

𝜎 = 0.189

𝜎 = 0.138

𝜎 = 4.87×10!#

𝜎 = 5.85×10!#
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The 1st trace on the 23rd moon day
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The 1st trace on the 23rd moon day

The correlation coefficient between
the residual data of A and B antennas.

After CLEAN, the sensitivity of the residual signal
is improved by about 8 order of magnitude!
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20Solar radio bursts

For CLEAN Model Signals : Modeling, Calibrating
and Subtracting the interference!
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The residual data of A antenna. 64-point averaging of the residual
data of A antenna.

For Residual Data : Averaging(Radiometer), Model
fitting and Deconvolution!



Summary
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1. We decomposed the raw signals of LFRS into coherent CLEAN
Model Signals and partially coherent Residual Signals by
using CLEAN algorithm!

2. After CLEAN, the sensitivity of the residual signal is improved
by about 8 orders of magnitude!

3. Further astronomical analysis will use both CLEAN Model
Signals and Residual Signals.


