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1. Introduction 

This thesis describes a three year full-time MPhil/PhD project, started in 

October 1994, which is now considered to have reached an appropriate stage to seek 

the approval of the University's Research Degrees Committee for the award of the 

degree of PhD. 

Prior to embarking on this project, the author gained some experience in the 

installation, operating and maintenance of microwave terrestrial links, while doing 

military service for the French forces based in Germany. 

During the last eight years, the University's former Department of Electrical, 

Electronic & Systems Engineering (EES) has accumulated research and student 

projects in the field of Satellite and Digital Communications. The work presented 

here seeks to build upon this experience and to exploit the facilities of the Electronics 

and Communications Group's Satellite Reception Centre. It also strives at 

strengthening the links previously established with the Rutherford Appleton 

Laboratory and the former members of the European Space Agency's Olympus 

Experiment (OPEX). 

More particularly, this project has been the object of an inclusion within the 

research activity of the EU's COST 255 project entitled: "Radiowave propagation 

modelling for new satcom services at Ku band and above". 
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transformation of the original MV model. It was identified 
by studying the second and fourth order moments of the 
error sequence, after application of the ARMA-based 
predictor to real data. The error was found to be consistent 
with tropospheric scintillation, while the slower trend due 
to rain attenuation is well predicted. In order to avoid 
outage situations (i.e. under-estimation of the total fade), 
the fixed detection margin (FDM) was introduced as an 
easy way to set the accuracy of the detection/prediction 
scheme. The detection outage probability is thus a design 
parameter which needs to be specified by the user. Clearly. 
the longer the total delay, or the smaller the detection 
outage probability, the larger is the FDM. The introduction 
of the FDM as a way to combat 'scaled' scintillation effects 
was also shown to have an impact on the position of the 
Data Rate Change (DRC) boundaries of an adaptive 
transmission rate countermeasure. These boundaries 
depend on the maximum BER constraint ( this is also a 
specified parameter), the value of the FDM, the rain fade 
statistics and the particular modulation/code and data rates 
of the system considered. The levels of admissible 
detected/predicted rain fades at which the switching to 
higher or lower transmission rate depend on the value of 
the FDM. Large FDMs were then shown to result in a 
degradation in long-term BER availability and user 
throughput. By plotting these two one against the other, 
the most appropriate level of FEC coding can then be 
selected. 
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APPENDIX: RELS ALGORITHM [5] 

The algorithm used for on-line estimation of the 6 ARMA 
model parameters was the Recursive Extended Least 
Squares (RELS) algorithm. It can accommodate in a 
simple manner the coloured noise corresponding to the 
moving average terms in the ARMA model definition. A 
directional forgetting factor was also implemented in order 
to avoid covariance wind-up and also add extra parameter 
tracking capabilities to the algorithm. 

Defining 
ON = [—a l —a 2 —a3 cl c2 3] 

•T (t) = [y(t —1) y(t — 2) y(t — 3) E(t —1) c(t-2) e(t — 3) 1 

where E(t) = y(t) — CO T (t)0(t —1) 

is the prediction error using output prediction based on 
information up to (t-1). The RELS algorithm is then at 
time t: 

(i) Form 4) 1' (t) 

using y(t) and E(t) = y(t) — 41 T ( 00( t —1) 

(ii) Evaluate the directional forgetting factor 
1— X'

r(t —1) = A: 
1+ 4) T (t)P(t -1)0 (t) 

(iii) Compute the covariance matrix using : 

. (t)OT (t)P(t -1) ]
P(t) = P(t -1)[I6 

r -1 (t-1) + Op T (t)P(t -1)0 (t) 
(iii) Evaluate the updated model parameters at time t 

e(t) = 64 — 1) +P(t)0(t)[y(t) — O T (t)e(t —1)] 

The initial covariance matrix was set to P(t) = 1001 6 and 

the forgetting factor parameter was set to 2■.: = 0.97. 

Minimum Variance Prediction 

This algorithm is described in [4] or the detailed 
demonstration can be found in Astriim's original work in 
[6]. 
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