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Fig. 4 Block diagram of key signal lines and structure for pulse accumulation timing control of CTS system
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Design and Implementation of High-Precision Pulse Accumulation for Deep Space

Exploration Chirp Transform Spectrometer

HU Baifan"*, LIU Mengwei', RU Penglei"’, WANG Wen'

(1. Ultrasonics Laboratory, Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Aiming at the characteristics of 1 GHz bandwidth Chirp transform spectrometer with high time resolution and
narrow pulse width, as well as the demand for detection of weak signals, a real-time and high-precision back-end timing synchronization
and pulse accumulation scheme for CTS system is proposed, which also has the advantage of adjustable integration time. The
scheme achieves the synchronization control between the analog and digital parts of the 1 GHz bandwidth CTS system and the
precise accumulation of 1 ns narrow pulse in the back-end through system clock design and FPGA algorithm design, in order to ensure
that the system achieves a high frequency resolution. Through this synchronization scheme, The average in-band pulse width of the
system after accumulation is 1.0136 ns, and the corresponding frequency resolution is 101.36 kHz, which is comparable to the
resolution of the CTS carried by the JUICE of ESA, and provides an effective solution to realize the high-precision spectrum analysis
of China's deep-space exploration mission.

Keywords: deep space exploration; chirp transform spectrometer; pulse integration; synchronous control; high-frequency
resolution

Highlights:

e The Chirp Transform Spectrometer (CTS) is an important system in the back-end of terahertz spectrometers in deep space

exploration, and the high timing accuracy of its pulse accumulation is the key to guaranteeing the frequency resolution of the CTS.

e A high-precision timing synchronization and pulse accumulation scheme for the 1 GHz bandwidth Chirp transform spectrometer is

proposed, which realizes the synchronization control among the modules of the CTS system and the precise accumulation of narrowband

pulses at the system's back end.

e The accumulated pulse width is 1.0136 ns and the system frequency resolution reaches 101.36 kHz, comparable to the resolution

of the CTS carried by the JUICE of ESA.
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