184Appendix ABandlimited Squared Integral Error of FIR FD FiltersThe least squared (LS) error function

ELS is the

L2 norm (integrated squared magni-tude) of the error frequency response

E(ejω ). In the following, we derive the bandlim-ited version of the error function

ELS, that is

ELS = 1π E(ejω )2

0α π∫ dω = 1π H(ejω )− Hid(ejω )2 0α π∫ dω(Α.1)ωηερε

0 < α ≤ 1. The error function can be rewritten using vectors and matrices, i.e.

ELS = 1π hTe − Hid(ejω )

[ ] hTe − Hid(ejω ) [ ]∗ 0α π∫ dω = 1π hTCh − 2hT Re Hid(ejω )e∗

{ }+ Hid(ejω )2 0α π∫ dω(Α.2)Ηερε

h = h(0) h(1) L h(N)

[ ]T is the coefficient vector of the FIR filter and e is

e = 1 e− jω L e− jNω

[ ]T(A.3)and we have defined the matrix C as

C = Re eeH{ } = 1 cos(ω) L cos(Nω) cos(ω) 1 cos (N − 1)ω[ ] M O M cos(Nω) cos (N − 1)ω [ ] L 1 (Α.4)Τηε σθυαρεδ ερρορ χαν βε εξπρεσσεδ ασ

ELS = hTPh − 2hTp1 + p0(A.5a)where we have used the following matrices and vectors

P = 1π Cdω 0α π∫(Α.5β) Αππενδιξ Α. Βανδλιμιτεδ Σθυαρεδ Ιντεγραλ Ερρορ οϕ ΦΙΡ ΦΔ Φιλτερσ185

p1 = 1π Re Hid(ejω ) { }c − Im Hid(ejω ) { }s [ ]dω 0α π∫(Α.5χ)

c = 1 cos(ω) L cos(Nω) [ ]T(A.5d) s = 0 sin(ω) L sin(Nω)

[ ]T(A.5e)

p0 = 1π Hid(ejω )2dω 0α π∫ = 1π dω0α π∫ = α(Α.5ϕ)Τηε ελεμεντσ οϕ ματριξ Π χαν βε ελαβορατεδ ασ

Pk,l = 1π Cdω0α π∫ = 1π cos (k− l)ω[ ]dω 0α π∫ = sin (k− l)α π [ ] (k− l)π = α sinc (k− l)α [ ](Α.6)ϕορ

k,l =1,2,K ,N +1. Also, the elements of vector

p1,k = 1π cos(Dω)cos(kω)+sin(Dω)sin(kω) [ ]dω 0α π∫ = 1π cos (D− k)ω [ ]dω 0α π∫ = sin (D− k)α π [ ] (D− k)π

[ ] = α sinc (D− k)α [ ](Α.7)ϕορ