
Preface

The term smart antenna is often used in mobile communications to describe an
adaptive process designed to improve the capacity of a base station by focusing
the radiated electromagnetic energy on transmit while improving the gain pattern
on receive from a mobile system. This is called space division multiple access.
Here, the transmitted signals from a base station are spatially directed to an
intended mobile. In addition, the receive gain of the base station is also increased
by spatially forming a beam along the direction of a mobile which is on a
transmit mode. In this way the capacity of a base station can be increased, as it
can now serve many mobile units simultaneously by directing a beam along each
one of them. However, this promise of increased capacity through space division
multiplexing can be further enhanced if one understands the true nature of an
antenna (the source of radiating and/or the sensor of electromagnetic energy)
which is the central point of this methodology. An antenna may be considered to
be a device that maps spatial-temporal signals into the time domain, thus making
them available for further analysis in a digital signal processor. In this
philosophical framework, an ideal antenna is one that converts the spatial-
temporal signals arriving at an antenna into a temporal signal without distortion.
Hence, there is a tacit assumption that no information is destroyed by the
antenna. This may be true when dealing with narrowband signals, but when
considering the transmission of broadband signals, even a small radiator called a
Hertzian dipole operating in free space behaves differently on transmit than it
does on receive. It is important to note that in electromagnetics there does not
exist any isotropic radiator, as even a Hertzian dipole has a directive pattern.
However, along a certain plane the pattern can be omni-directional. On transmit
the far field of an antenna (even that of a small Hertzian dipole operating in free
space) is the time derivative of the input transient waveform fed to its input
terminal. While on receive, the same antenna acts as a spatial integrator of the
fields that are incident on it. Hence, the temporal and spatial properties of an
antenna are intimately related and it is not advisable to separate them if one
wants to realize the full potential of an antenna system. In this book the term
smart antenna is used to imply that one is dealing appropriately with the dual
spatial and temporal properties of an antenna on both transmit and receive.

An admirer of James Clerk Maxwell (the actual discoverer of
eleetromagnetism) or Heinrich Hertz (the true father of radio, as he not only
formulated the four equations of Maxwell that are available in electromagnetic
textbooks today but also produced an experimental device to generate, transmit,
propagate, and receive electromagnetic energy) will realize immediately that
antennas act simultaneously as temporal and spatial filters. In addition, an
antenna is a spatial sampler of the electric fields. One of the objectives of this
book is to explain the basic difference between adaptive antennas and adaptive
signal processing. Whereas for the former an antenna acts as a spatial filter, and
therefore processing occurs in the angular domain, a signal-processing algorithm


