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Abstract

Electron Cyclotron Emission (ECE) is thermal blackbody radiation coming from electron Larmor motion. The
ECE spectrum measurement is one of most popular electron temperature diagnostics in nuclear fusion plasma
research. The 2- and 3- dimensional imaging ECE diagnostics systems were used for electron temperature
fluctuation measurements with high time resolution. These systems adopt external quasi-optical mirror components
with a receiver antenna to focus and to steer the viewing angle. A 2-dimensional imaging ECE diagnostics has been
developed on the basis with adaptive-array techniques using a phased-array antenna. Radio-frequency detection
systems with digitizers and software-defined radio devices are proposed to measure the ECE-phase as well as the
ECE-amplitude in the adaptive technique approach. The software-defined radio system can continuously measure
them with significant accuracy and time resolution. The radiation positions are reconstructed properly with the beam

forming adaptive-array technique.
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Fig.1: Schematic of radiation measurement system
using a digitizer. A broadband noise source is
prepared as a radiation source instead of
plasmas.
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Fig.2: Intermediate frequency signals at a reference
point and at an antenna.
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Fig.3: Phase delays analyzed in the digitizer method
for phase shifter delay measured with a
vector network analyzer. Standard deviations
of 5 times measurements are also plotted.
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Fig. 4: Diagram of the developed USRP system.
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Fig.5: I (cosine) and Q (sine) signals measured with
the USRP system at 70 MHz frequency
setting. The signals are streaming by rate of
5M samples per a second.
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Fig.6: Spectra of cross power and phase difference in
cross power spectrum analysis based on fast
Fourier transform technique between two IF

signals.
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Fig.7: Time evolution of amplitude ratios and phase
differences of a DC component and averaging
with all frequency components in fast Fourier
transform analyses. The amplitude ratios and
phase differences are taken between two IF
signals.
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Fig.8: Contour plot of intensity analyzed with beam
forming adaptive-array technique. The
intensities are evaluated with noise source
potions assumed as horizontal and vertical
each coordinates (x, y).
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