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(
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)
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3. Find the local maxima of the error function by evaluating
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4. Update the maximal error frequencies to be an alternating subset of
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1. Guess the positions of the M
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alternating signs to the errors (e.g. choose evenly spaced ω).

2. Determine the error magnitude, ǫ, and the M
2 + 1 coefficients of
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3. Find the local maxima of the error function by evaluating
e(ω) = s(ω)

(
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If maximum error is > ǫ, go back to step 2. (typically 15 iterations)

5. Evaluate H(ω) on M + 1 evenly spaced ω and do an IDFT to get h[n].
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2 + 2 unknowns for h[n] + ǫ.
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∑
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2
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Method 2: Don’t calculate h[n] explicitly
Multiply the ωi equation by ci =
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and add them:
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Determine gain tolerances for each band:
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• Can have linear phase
◦ no envelope distortion, all frequencies have the same delay ,

◦ symmetric or antisymmetric: h[n] = h[−n]∀n or −h[−n]∀n
◦ antisymmetric filters have H(ej0) = H(ejπ) = 0
◦ symmetry means you only need M

2 + 1 multiplications
to implement the filter.
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◦ no envelope distortion, all frequencies have the same delay ,

◦ symmetric or antisymmetric: h[n] = h[−n]∀n or −h[−n]∀n
◦ antisymmetric filters have H(ej0) = H(ejπ) = 0
◦ symmetry means you only need M

2 + 1 multiplications
to implement the filter.

• Always stable ,

• Low coefficient sensitivity ,

• Optimal design method fast and robust ,

• Normally needs higher order than an IIR filter /

◦ Filter order M ≈ dBatten

3.5∆ω
where ∆ω is the most rapid transition

◦ Filtering complexity ∝ M × fs ≈
dBatten

3.5∆ω
fs =

dBatten

3.5∆Ω f2
s

∝ f2
s for a given specification in unscaled Ω units.
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• Efficient: computation ∝ M2

• can go mad in the transition regions
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Optimal Filters: minimax error criterion

• use weight function, s(ω), to allow different errors
in different frequency bands

• symmetric filter has zeros on unit circle or in reciprocal pairs
• Response of symmetric filter is a polynomial in cosω
• Alternation Theorem: M

2 + 2 maximal errors with alternating signs

Remez Exchange Algorithm (also known as Parks-McLellan Algorithm)

• multiple constant-gain bands separated by transition regions
• very robust, works for filters with M > 1000
• Efficient: computation ∝ M2

• can go mad in the transition regions

Modified version works on arbitrary gain function

• Does not always converge
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Optimal Filters: minimax error criterion

• use weight function, s(ω), to allow different errors
in different frequency bands

• symmetric filter has zeros on unit circle or in reciprocal pairs
• Response of symmetric filter is a polynomial in cosω
• Alternation Theorem: M

2 + 2 maximal errors with alternating signs

Remez Exchange Algorithm (also known as Parks-McLellan Algorithm)

• multiple constant-gain bands separated by transition regions
• very robust, works for filters with M > 1000
• Efficient: computation ∝ M2

• can go mad in the transition regions

Modified version works on arbitrary gain function

• Does not always converge

For further details see Mitra: 10.
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firpm optimal FIR filter design
firpmord estimate require order for firpm
cfirpm arbitrary-response filter design
remez [obsolete] optimal FIR filter design
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