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Our team of shortwave Doppler (HF Doppler: HFD) ionospheric disturbance observers launched our experimental station
JG2XA for transmitting observation signals in 2001 on the premises of the University of Electro-Communications (UEC). It
is constantly transmitting observation signals of 5006 kHz and 8006 kHz, 200 W each (Tomizawa et al., 2003). Ionospheric
disturbances are studied using Doppler shift of HF continuous wave (CW) reflected from the ionosphere. It is characterized
by receiving non-directional radio waves emitted from Chofu, where the university is located, over a wide area using antennas
installed at 11 locations in the country. From multi-point observation data, it is possible to observe how the regions where
reflection, scattering, and transmission in the ionosphere move in a three-dimensional space in the horizontal and vertical
directions together with the directivity.

The outline of the HFD project and data is open to the public in "http://gwave.cei.uec.ac.jp/"hfd”.

We reported the additional ranging plan during HFD renovation in the previous JPGU meeting (Namiki et al., 2022).
Receivers have been replaced by software radios since 2020 (Nakata et al., 2021). In this paper, we report the results of an
indoor experiment in which the distance was measured simultaneously with the current HFD observation by combining a
transmitter and a receiver.

The ranging function by Frequency Modulated Continuous Wave (FM-CW) is expected as follows:
+ Determine the reflectance altitude quantitatively in units of 2-3 km, which has been determined by experience.
* Time resolution is improved by setting the sweep period to 50 ms.
+ Enhancement of interference rejection capability by sweeping.

The new observation system aims to ensure the continuity of the current observation results by superimposing FM-CW
ranging signals between the identification codes while maintaining the continuous CW transmission without switching.

If the signal generation timing is matched for transmission and reception, the reflection distance of the ionosphere can be
obtained from the relational expression r = ¢ f;,/2f” (r = distance, ¢ = speed of light, f; = beat frequency, f* = rate of frequency
change).

We constructed a prototype low-power radio transmitter and receiver pair closely installed in a laboratory. The transmitter
and the receiver are synchronized to the reference signal. Although the actual range between the transmitting and receiving
antennas is nearly zero, we confirmed pseudo range variation by differing frequency between transmitting and receiving
sweep signals. We obtained negligible range error when the receiver is synchronized to the transmitter accurately.

As aresult, it was confirmed that the conventional CW wave for Doppler observation and the new FMCW wave for ranging
did not interfere with each other. Based on this result, we plan to add a distance measurement function to the existing new
observation system.
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