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Development of Deep Space Radio Ranging and Velocity Measurement Technology

XU Maoge, SHI Weihua
(Southwest China Institute of Electronic Technology, Chengdu 610036, China)

Abstract: The recent research progress of the deep space radio ranging and velocity measurement technology, including the
ESA and NASA measurement accuracy improvement plan is introduced. Based on the X frequency band experimental data, using
the extreme narrow phase-locked loop (PLL) and the 500 kHz ranging tone, the current situation of ranging and velocity
measurement of China's deep space tracking, telemetry and command (TT&C) system is analyzed. The main error budget is
analyzed and the accuracy improvement suggestions are provided. According to the deep space exploration program, the proposal of
deep space measurement technology is presented, particularly the analyses of multi-frequency link scheme and the station delay bias
online monitoring are given.

Key words: deep space exploration; TT&C system; high-accuracy measurement

High lights:

e The current situation of ranging and velocity measurement of China's deep space tracking, telemetry and command (TT&C)
system is analyzed.

e Accuracy improvement suggestions are provided.
e The station delay bias online monitoring technology and trial data is given.
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Research on Space Time Delay Compensation Method Based

on Beam Squint Technique

DUAN Yuhu"?

(1. The 39th Research Institute of China Electronics Technology Group Corporation, Xi’an 710065, China;
2. Shaanxi Key Laboratory of Antenna and Control Technology, Xi’an 710065, China)

Abstract: In deep space TT&C mission, the space time delay and Earth rotation make the narrow beam of large ground
antennas unable to cover the corresponding orbit area, which leads to the quality deterioration or even interruption of the
communication link. A technique for a real-time beam separation correction scheme for deep space uplink and downlink
communications is presented, which provides a close relationship between the beam squint angles and the corresponding feed
displacement for a reflector antenna with a beam waveguide (BWG) or multiple reflector system. The simulation results of 35-meter
antenna at Ka band (34 GHz) show that the uplink beam gain loss is less than 4.25 dB by moving the uplink feed position when the
up/downlink beam separation angle is 0.032 72 °. It is also useful to determine the feed offset position to correct the beam deviation
caused by the imperfect antenna mechanical structure and the mirror misalignments of the complex multiple reflector system.

Key words: deep space exploration; space time delay; beam width; beam waveguide; feed defocusing; aperture phase
error; beam aberration correction; beam separation

High lights:

e The space delay and Earth rotation make the narrow beam of large ground antennas unable to cover the corresponding orbit area.

e A real-time beam separation correction scheme for deep space uplink and downlink communications is presented.

e The close relationship between the beam squint angles and the corresponding feed displacement for a reflector antenna with a

beam waveguide (BWG) is provided.

e When the uplink beam separation of the 35-meter antenna at Ka band is 0.032 72 °, the gain loss is less than 4.25 dB.
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