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Introduction

Imaging

Orbit refinement

Table 2. The posterior precision estimate of orbital elements obiained with use of optical data only and of both

optical and VLBI radar data. |GEO—object 1982-044A

Fig. 5. Delay-Doppler map of Mercury obtained on June 16, 2000,
at Arecibo. The leading edge of the radar echo is the parabolic locus

Parameter FError of determination that is brightest at the top. The North Pole craters that are filled
The optical data The optical and VLBI radar data with radar-bright materi.?l (p.utatively water ice) are at the bottom

Period (q) 0.00039 0.00016 center. The delay resolution is 3 km. (From [3].)

Eccentricity 0.000001289 0.00000011 ,@_ﬁ\_\

Inclination (degree) 0.0000397 0.0000385 Xl 3

Longitude of node (degree) 0.0001523 0.0001443

Argument of perigee (degree) 0.3186443 0.0553811

Time of perigee (s) 0.08468 0.03756 (53319) 1999 JM8 (4179) Toutatis (100085) 1992 UY4 (1620) Geographos

radar image radar-derived model radar image radar image

Igor Molotov. International Radar

Space Debris Research. 2005. Martin A. Slade. Goldstone Solar System Radar

Observatory Earth-Based Planetary Mission
Support and Unique Science Results. 2010.
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Development in the US
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Development in the EU
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Development in the EU

The project of the Low Frequency VLBI Network (LFVN) was started in
1996 in order to arrange the international VLBI cooperation with participation
of former U radio telescopes [1]. One of the LFVN goals is developments
of thg VLBI radar (VLBR)|{for the investigations of the Solar system bodies.
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Figure 1. 70-m antenna near FEvpatoria with 200 kW
continuous power transmitter at 5010 MHz, National
Control and Space Fuacilities Test Center, National
Space Agency of Ukraine.
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Development in the EU

Orbit refining; rotation period; sizes of objects
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space debris objects (rocket stages, inactive satellites, ...) at HEO and GEO
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Fig. 4. Spectrum of echo-signals received at Urumgqi (second

peak from the left), May 27 2001, 23:35 UT, GEO object 20696
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Development in the RU
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Avallable antennas in the Chma
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Testing experiments - 1

ChangE’3 mission:

Uplink: 7.2 GHz
Downlink: 8.4 GHz

TS

Span 2.00000000 Hz Avg Type: Log-Pwr Avg Type: Log-Pwr

) Trig:Free Run Trig: Free Run

PHO: Wide ) .
IFGain:High SAteen: 0 48 faten: 0 dB

Ref -88,10 dBm Ref -88.10 dBm

Center 8.470000 GHz R Span 2.000 MHz Center 7.209000 GHz Span 2.000 MHz
Res BW 18 kHz #VBW 30 Hz #Sweep 1.000 s (1001 pts) Res BW 18 kHz #VBW 30 Hz #Sweep 1.000 s (1001 pts)

Downlink signal from ChangE’3 lander Echo signal from ChangE’3 lander



Transmitting
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Testing experiments - 1
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Testing experiments - 2
Transmitting | Receiving
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Testing experiments - 3
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Testing experiments - 4

v" Pulse echo from the asteriod 2012 TC4 received at station ML (40-m
antenna)
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Predicted values of 2012 TC4 radial distance and radial velocity based on the
ephemeris published by NASA JPL and its residual curves compared with
radar measurements.




Testing experiments - 4

v" Pulse echo from the asteriod 2012 TC4 received at station ML (40-m
antenna)
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Physical Properties Because 2012 TC4 was on little was known about its physical properties. With
e e its 2017 recove nd Close a rc)ach tD the Earth additional roperties are bein measured and reported here
eeeeeeeeeeeeeeeee
Orbit
Observing Geometry The rapid rotation and lightcurve amplitude suggest that the 2012 TC4 is an elongated, monolithic body (a rubble
Hi pile would have spun itself apart). Non-principal axis rotation suggests that it probably has a complex (non-
Media " ellipsocidal) shape.
Gallery
Pr Physical Properties
Property value Reference114
RELATED LINKS Erroctive s e e
Planetary Defense Coordination Diameter from H=27.0, albedo 0.25-0.45
pry




Next steps

1. Cross-correlation in VLBI mode (CW + T4B/T2B)

. QTT (more compatrble Wrth current and future radar facilities)

1m*kn&éT¢%%E A H AR

Key Technology Research on Steerable 110-m Aperture Radio Telescope
T E%S: 2015CB857100

3. Construction of new transmitting radar antenna
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