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ABSTRACT

This paper presents an overview of a dual channel, wideband interferometer for measuring
amplitude and spatial phase variations due to clear-air refractive index inhomogeneities.
Measurements have been carried out at 38GHz using a 26km link and sensors separated by
3m. Preliminary analysis shows 10dB amplitude fluctuations lasting for periods of several
hours, and spatial phase differences greater than 200° in periods of less than 1hr.

INTRODUCTION

After weather related effects have been taken into account, the availability of terrestrial
millimetre wave (30-300GHz) systems is ultimately limited by clear air phenomena
characterised by anomalous refractive index layering and small-scale turbulent structures.
Preliminary results are presented from a study into atmospheric turbulence induced phase
and amplitude fluctuations from a 26km, 38GHz terrestrial link. A novel approach taken in
this experiment is the application of spatial interferometry.

SPATIAL INTERFEROMETRY

The measuring instrument employed in this study is a spatial interferometer. The benefit of
this technique is that low powered wideband signals can be processed without complex
demodulation, large data archiving stores, or complex signal processing. The interferometer
has three sensors (two spatial measurements) to detect turbulent eddy-inducing phase and
amplitude fluctuations as they advect through the atmosphere.

The interferometer consists of three dual channel superheterodyne receivers (to observe two
transmitting sources simultaneously) and a quad correlator. The superheterodyne receivers
(Fig.  1A) are standard RF assemblies with the exception of the QinetiQ developed
microwave monolithic integrated circuit (MMIC) receivers. These fully packaged devices
consist of a frequency conversion block, filter and amplifier. The superheterodyne section
is coupled directly to the quad correlator (Fig.  1B). Correlation is performed between the
centre sensor and two spatially separated sensors (which are 3m left and right of the centre



sensor), for each of the two channels using I/Q demodulators. The resulting complex
signals, designated centre-left and centre-right for each I/Q pair and channel, are stored for
post-processing using a PC based data acquisition system. A detailed discussion on the
design of the interferometer is described in [1].

Fig.  1 (A) One of the three dual channel superheterodyne receivers. The phase locked
oscillators (PLO) and oven controlled crystal oscillators (OCXO) are common to the three

sensors.  (B) The quad correlator compares signals detected by the centre sensor to two
spatially offset sensors using I/Q demodulators. In this way, signals from the centre sensor

are AGC controlled LO inputs, and from the offset sensors are RF inputs.

PRELIMINARY RESULTS

Data from the interferometer is currently being collected on a continuous basis using an
experimental link from Craigowl Hill near Dundee (transmitter site - altitude 463m) to St
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Andrews (interferometer site - altitude 16m), i.e., a path length of 26km. A meteorological
station and 3GHz weather radar are located at the interferometer location for correlation
with anomalous channel conditions.

Fig.  2 illustrates an example of interferometry data from a period of benign channel
conditions on the 24th March 2002. During this 24hr period, the standard deviation of
amplitude fluctuations is 0.23dB for the centre-right and 0.18dB for centre-left. The phase
deviation is 11.7° for the centre-right and 15.0° for centre-left.

Fig.  2 (Top) Mean power and mean phase (Bottom) fluctuations during benign channel
conditions on the 24th March 2002.

In contrast to the benign propagation conditions above, Fig.  3 shows a period of more
turbulent activity. The amplitude deviation in this example is 0.78dB for the centre-right
and 0.72dB for centre-left, and the phase deviation is 25.9° for the centre-right and 51.0°
for centre-left. Although these values are larger than the benign case, they conceal the 10dB
amplitude variations for periods of more than 4hrs and phase changes of 210° in 1hr.
Propagation anomalies such as these have the potential to significantly impact
communication systems, e.g., low fade margin and tracking (angle-of-arrival) dependent
systems.



Fig.  3 (Top) Mean power and mean phase fluctuations (Bottom) on the 29th March 2002.
10dB amplitude fluctuations between 18-24hr and a deep (~210°) phase change at 11hr are

typical propagation anomalies so far recorded by the spatial interferometer.

CONCLUSIONS

The preliminary results shown above illustrate that spatial interferometry is a very useful
technique for quantifying propagation impairments at 38GHz. Future work will correlate
meteorological data with anomalous propagation events, and provide long-term statistics of
clear-air channel characteristics.
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