Lecture 13

Multirate Signal Processing

- Interchange of filtering and compressor
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Figure 4.33 Multistage decimation: (8} Two-stage decimation system. (b} ification of {8} using downsampling
identity of Figure 4,31, (¢} Equivalent one-stage decimation.
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- Polyphase Decomposition
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More efficient implementa\tion of the above system:
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Pol Y P‘\ase De Composition
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Figure 4.35 Polyphase decomposition of fifter Afn] using components e, [n].
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Figure 4.36 Polyphase decomposition of filter hin] using components edn] with Chained)delays.
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Figure 4.37 Realization structure based on polyphase decomposition of A[r].
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Comparison of computational complexity

Direct Implementation
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Input x[n] is clocked at a rate of one sample per unit time and H(z) N-point FIR filter

# of Multiplications (mults): N
# of Additions (adds): (N-1)

Implementation of the decimation filter with polyphase decomposition
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Each of the filter EKG.) is of length N/M, and their inputs are clocked at a rate of 1 per M units
of time.

# of Multiplications (mults): (1/M)x(N/M)
# of Additions (adds): (1/M)x(N/M - 1)

Since there are M polyphase filters, so the total

# of Multiplications (mults): M x (1/M)x(N/M) =N/M << N
# of Additions (adds): M x (1/M)x(N/M - 1) + (1/M)x(M-1) = % -1 + % << N-1
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