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Adaptive Equalization of Nonlinear Digital Satellite Channels Using
Discrete Frequency-Domain Third-Order Volterra Filters
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ABSTRACT

The objective of this paper is to present a new structure for an adaptive nonlinear equalizer for digital trans-
mission over a nonlinear satellite channel with M-PSK modulation. The adaptive nonlinear equalizer is based on a
discrete frequency-domain third-order Volterra filter with the multidimensional overlap-save filtering technique, and
on the normalized block least mean square (NBLMS) algorithm for updating its filter coefficients. Since the pro-
posed equalizer performs fast convolution by blocks in decision-directed mode, it provides potentially‘ larger savings
in computational complexity compared to the conventional time-domain Volterra equalizers. The feasibility and pract-

icality of the proposed equalizer structure is demonstrated by utilizing it to equalize a nonlinear satellite channel.
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Table 2. Computational complexity measured in terms of
the numbers of real multiplies and adds required
to compute M—N+1 time-domain data points.
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A5 AM(1+3M%) 4(M—N+1)
47 +4Mlog .M x (N+3N%)
a4 2M(1+4M?) 2(M-N+1)
g4 7] +6M log . M x(2N+4N—1)
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Table 3. Computational complexity ratios of real multi-
plics and adds assuming M = 2N,

Filter Memory | Complexity Ratio | Complexity Ratio
Size N of Multiples of Adds
2 2.6154 2.7048
4 1.6000 1.6183
8 0.8900 0.8936
16 0.4709 04715
32 0.2425 0.2426
64 0.1231 0.1231
128 0.0620 0.0620
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Fig. 2 Block diagram of a nonlinear digital satellite channel.
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Fig. 3 Convergence curves of the equalizer with N = 8 and
u=1 when E,/N,=10 dB and E,/N, =20 dB.
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Fig. 4 Convergence curves of the equalizer with N = 8 and
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