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The HF Doppler (HFD) observation system is one of the ionospheric remote sensing techniques that utilizes the reflection
of HF radio waves at the ionospheric E and F regions. The ionosphere exhibits various kinds of variations due to energy
inflows from the Sun, the Earth’s magnetosphere, or from the ground, causing frequency changes, i.e., Doppler shifts, in
the reflected waves. These Doppler shifts can be used to visualize the vertical/horizontal movements of the ionosphere
phenomena. The HFD observation is considered to be suitable for remote sensing of the lower ionosphere.

One of the HFD observation systems in Japan is based on the experimental station JG2XA, operated by a group at the
University of Electro-Communications since 2001. An overview of the HFD project and measurement data is available
at "http://gwave.cei.uec.ac.jp/"hfd/”. This HFD observation system includes 11 receiving stations across Japan, and by
combining data from multiple receiving stations and frequencies, the distribution and temporal variations of plasma in the
lower ionosphere over Japan have been analyzed. For a long time, information from the conventional HFD system (i.e.,
the Doppler shift data) alone was insufficient to determine the altitude/location of the ionospheric phenomena. As a result,
there has been a demand for a function to measure the distance to the reflection points. To fulfill the need for ionospheric
distance observations, we have implemented an HFD observation system with ranging capability by transmitting a signal
that combines an FMCW signal, which sweeps the frequency band centered on the single transmission frequencies of
5.006 MHz and 8.006 MHz, with the original single-frequency signal. Since 2024, we have been conducting continuous
pilot observations in the Kanto area using this system. To achieve FMCW-based ranging at remote locations, we utilized
synchronized signals based on 10 MHz and 1 pps from GNSS. Additionally, for heterodyne detection at receiving points, we
adopted the same model of function generator as the transmitter and a physical mixer as the local signal source, confirming
that the desired distance information can be obtained from the difference in frequency. Along with the development of
the FMCW receiver, we also developed a plotting code. Although challenges remain in terms of data storage capacity and
the processing load for plotting data due to the higher sampling rate compared to conventional HFD observation data, we
successfully visualized high-resolution reflection altitude data using Python.

At the 2023 conference, since the FMCW transmission system was still under development, the demonstration was limited
to the theoretical validation of distance measurement using the conventional system. The actual observation of radio wave
propagation in physical space and the ability to measure real phenomena remained unknown. In this presentation, we will
introduce the design of the FMCW ranging-enabled HFD transmission and reception system currently in operation, and
show several characteristic observations of ionospheric E and F region reflections obtained with high spatial and temporal
resolution, on the order of several kilometers.
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