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Continuous measurement of ionospheric reflection height using 400Hz-1D phase of the
HFD system
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We have been observing ionosphere disturbances by the HF Doppler(HFD) method. In this report we will describe the devel
opment of the novel measuring method of ionospheric reflection height by using HFD facilities of UEC and its initial result.

The UEC HFD observation system continuously transmits two stable carriers at 5006 and 8006kHz, in 200W from Chofu,
Tokyo. The HFD observation can only detect ionospheric disturbances of reflection, but the actual path-height is not giver
through this method.

In this study, we have newly developed the distance measurement capability using this Morse-ID signal separated 400Hz fror
the main carrier frequency. This ID signal can be used as the distance measurement. Processing the ID signal correlating with tl
main carrier to reduce Doppler spreading, we can get the coherent sub-carrier with the narrow equivalent receiving bandwidtr
Moreover, using the rubidium atomic oscillator in this system, the phase of the main carrier and sub-carrier is stable over a lon
period of time. As the S/N is much improved, it is possible to detect small phase fluctuations due to propagation. Since the
equivalent wavelength of the 400Hz subcarrier is 750 km, it can be obtained the distance accuracy of 2.1 km by measuring th
phase in 1-degree accuracy. As the phase variation is twice by the correlation processing, we get the total distance accuracy
1.1 km which is comparable that of the conventional NICT pulse-type ionosonde. The most important improvement in system is
the direct measuring the reflection height of the HFD observation every 90 seconds.

With this advanced measuring method, the resolution of 1 km at both HFD frequencies is given. We can investigate smal
disturbances in E and F layers, due to atmospheric gravity waves. However, in the present observation system, the distani
calibration is not accurate because of the delay of the instruments and the sub-carrier transmitting timing error is still unknown
We have used the NICT ionosonde signal for temporal reference. By including the GPS timing both at TX and RX, it will be
possible to detect the accurate arrival time in 1 us, which corresponds the total accuracy of ionospheric reflection height in 0.3kn
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