Minimum Error Calculation for Non-Causal IR Wiener Filter
Previously we have shown that when
X[n] = d[n] + v[n]
where d[n] is a WSS random process with rq[k] = ™ and v[n] is white noise with
variance ¢?Z, the mean square error for the two tap causal FIR filter, that is
d[n] = wox[n] + wix(n — 1],
is equal to rq[0] — worg[0] — wirq[1] where wp and w; are the optimal FIR Wiener filter
coefficients.
For a = 0.8 and ¢ = 1, we have shown that the optimal coefficients are wo = 0.4080
and w; = 0.2381 and the minimum MSE error is Jmin = 0.4048.
Following Hayes Example 7.3.1, we will evaluate the error for the non-causal IIR filter for

the same example.
The optimal non-causal IIR filter is
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where Py(2) = Z{aX} = (l_azl‘l—”)’(zl_az) and Py(2) = 62. When Py4(2) and P,(2) is inserted in
HNC(2) we get,
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For o = 0.8 and o2 = 1, the filter reduces to
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Comparing the last equation with the Z-transform of o, Z{aM} = —L2= - we get the
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impulse response as follows:

hNC[n] = 0.3(4)M
The minimum MSE for non-causal Wiener filter is Jmin = rq[0] — % j:: H(e”)Pg(e°)dw.
Specific to the filtering application, we have Pg(el®) = P4(el®). The error becomes
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When v[n] is white noise, that is P,(€"®) = o2, then the error is
Jmin = 055 j:: HNC(el*)dw
= o2 hNC[0].
For the given example, the minimum error for the non-causal IR filter is then Jyin = 0.3.



