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SUMMARY

In this dissertation an indepth research into the design, implementation and evaluation of a digi-
tal four-dimensional modem for application to high speed mobile communication on the V/UHF
channel has been carried out. The four-dimensional digital signalling employs Quadrature-
Quadrature Phase-Shift Keying (Q?PSK) as modulation scheme, which was claimed to outper-
form two-dimensional modulation schemes in terms of spectral efficiency. Q?*PSK constitutes a
relatively new modulation technique, and for this reason considerations of digital modulation
and demodulation, synchronisation and error correction coding for this signalling scheme, are of

utmost importance.

A conventional DSP based implementation of a Q?PSK modulator/demodulator is considered
in this thesis. Furthermore, key synchronisation strategies are considered, including new carrier
phase and frequency tracking loops. A novel frame synchronisation strategy for Q2*PSK, em-
ploying complex correlation sequences, is presented. The excellent bandwidth efficiency of the
Q?PSK signalling strategy and elegant signal structure, facilitates the incorporation of sophisti-
cated forward error correction strategies. For this reason the dissertation introduces new trellis
codes for Q?PSK, including classical, TCM and MTCM, for transmission over both the AWGN
and mobile fading channels. Performance evaluations of the developed Q?PSK digital modem
are given from results obtained from computer simulations when operating on the static AWGN

channel and mobile Rician or Rayleigh fading channels.

The research work can be summarised as follows:

e Realisation of a digital Q*PSK mobile communication system simulation test facility, fa-

cilitating burst mode communication scenarios;

e Design and implementation of a novel frame synchronisation strategy employing complex

correlation sequences, for the Q*PSK system;

e Design and implementation of a Q?PSK dual carrier phase and frequency Kalman estima-

tor for carrier phase and frequency tracking;

e Novel application of classical convolutional error correction codes to Q?PSK. In addition,

the derivation of theoretical upper bounds to bit error probability are presented;

e Design and application of trellis codes for transmission over the AWGN channel are pre-

sented;

e Design and application of multiple trellis codes for transmission over the Rician fading

channel are presented with some new results;

e Not only are the extensive evaluations presented, but the performance bounds derived, are

benchmarked against actual simulation curves.
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