16

D.2. Available recursive digital filters in ALADIN Discrete formulations of the filtered state for a recursive filter of order K

xn=∑Kakxn−k=0+∑Kbkxn−k=1,n≥K

Using lower order filters for n < K or

xn=∑ncpxn−p=0,0≤n≤N

( ⇒ also called "Infinite Impulse Response" filters) The time-span must be at least 2KΔt (N ≥.2K) . Ideal (as N → + ∞ ) response function

H(ω) = ∑ K a_ke^{−ikωΔt}

k =0 1−∑ K b_ke^{−ikωΔt}

k = 1

= H (i ω ω_c )

where H is the transfer function of the equivalent analog filter of order K, defined by :

1/H is a polynomial function of order K, H (0) = 1 H (i) =1/√2

H ( 1 μ_c ⋅ z−1 z+1 ) = ∑ K a_kz^{−k}

k = 0 1−∑ K b_kz^{−k}

k = 1

, μ_c = tg(½ω_cΔt) = tg( πΔt T_c )

17

Effective response H_n(ω) = ∑ n c_pe^{−ipωΔt}

p = 0

The response of recursive filters is complex.

Examples

"QUICK-START" filter of order K (optimizing the time-span) H (s) =

()

σ_K s+σ_K K , σ_K = 1/

2^K −1

H (s) = σ_2 s+σ_2 2 , σ_2 = 2 +1 , for K = 2

"FLAT-DELAY" filter of order K (optimizing the phase response) H (s) = B_K (0) B_K (sΩ_K) ,

B_K Bessel polynomial of order K ,

|

B_K (iΩ_K)^2 = 2

|

B_K (0)^2

H (s) = γ s^2 +s 3γ +γ , γ = 1+ 5 /2 , for K = 2

"BUTTERWORTH" filter of order K (optimizing the amplitude response) H (s) = 1/∏ K−1 (s−e^{iθk}) , θ_k = π 2 ⋅(1+ 1 K )+ kπ K k = 0

H (s) = 1 s^2 +s 2 +1

, for K = 2