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Common Window Functions for FIR filter design:

Rectangular: wln] =1, —M <n<M,
H [n] 1[1+ (m>] M<n<M
ann: n] == cos | — — n
w 9 oS Wi y >~ = )
: ™m
Hamming: w[n] = 0.54 + 0.46 cos <M>’ —M <n<M,
2
Blackman: wln] = 0.42 + 0.5 cos (%) + 0.08 cos (%), —M <n <M.

Main Properties of the Window Functions:

Type of Main Lobe Relative Sidelobe Minimum Stopband Transition

Window Width Ayr Level Ay Attenuation Bandwidth Aw
Rectangular 47 /(2M + 1) 13.3 dB 20.9 dB 0.927 /M
Hann 87/(2M + 1) 31.5 dB 43.9 dB 3.117/M
Hamming 8r/(2M + 1) 42.7 dB 54.5 dB 3.32w /M
Blackman  127/(2M + 1) 58.1 dB 75.3 dB 5.56m /M

Design Steps:

1.
2.

Convert the minimum stopband attenuation spec o5 to dB using the formula o, = —201og; Js.

Look in column 4 (Minimum Stopband Attenuation) of the table above to determine which
window functions can provide at least a, dB of stopband attenuation.

Let Aw = w; —w,. Use the last column of the table to figure out which window function w(n]
can meet the stopband spec with the smallest value M.

- To do this, set Aw equal to the formula in the last column of the table and solve for M.
M must be an integer and you must always round up. For example, 2.001 means M = 3.

- The order of your filter will be 2M.

- The length of h[n] will be 2M + 1.

Wy + Wy
Let w, = p2 .

Let hypln] = SR @)

™
For the window function w(n] that meets the stopband spec with the smallest M, compute
the “centered” impulse response hi[n| = wnlhppn|, —M <n < M.

Shift it right by M to make it causal: hln| = hi[n — M| = win — M]hypp[n—M], 0 <n < 2M.

Page 10.14



EXAMPLE & \wiuppwed FIR FioTee Declon

Use the window design method to design a causal lowpass FIR digital filter that meets
the following specifications: '

Passband Edge Freq. | w, = 0.37 rad/sample

Stopband Edge Freq. | w; = 0.35m rad/sample

Max. Passband Ripple 0, = 0.01

Max. Stopband Ripple ds = 0.01

Give the filter impulse response A[n).

@ 0(5:: —'ZOQOﬁm 5‘5 = 40 dB
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[) - a SE = 30&!11 ‘$ _ '3‘[\_-\ ‘
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L‘“""‘"’“Mjf A =0.0577 - 3 3;\ATL 9408 IZZE! 63 v
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v .05
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0snx 26

e

T b?) sin[o325T(n-03)] )
Wi = l.]:ﬂ_-l—Cg( h— )1 [TLNM) )o‘mbl%
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Kaigar Window FIR Filter Des{ﬁm
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- To wse a Kaiser W\V\c\ow) you mast desion M oand B
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= Obta'n the FIR Lilter impulse Cegponse NS \g)e nverse DFET:

N :
hiil = 43 UTK) ed®Te/N

=0

, osns Nl

Page 10,21



- The length of Wind ¢ N .

- The Lilter gvder ¢ N-1..

—7 IF D(eM) e « reawv\aU/ swmootlh transition e
and £ there are “enouqh™

So that Thwe Samples \npve

Dles)

Savaples  on the curve
A Shape Yt |yl \ike
’H’\QV\ ’H/\Q CLFF\(()QCL\ MSU&H)/ WWkS we“*

= There il ﬁemem”y be alizs;

ng in hTw?) Hrat
resulls Lromn the Sam\o\

Y3 ot BDle) ) gengini,
hTw] = ,2___ dlnr kN

K= -0

/
0 S NEN-~|,

> Butr tThi¢ ¢ +yp\‘mll/ Nt a contern i
deny d

€cays Towards Zerp V‘&tP\C“y »Q,.,—
Int > N,

~TL Hhe Feansition band 6 D (@37) 1§ very abvupt, as
Wt an Vdeal \owv?ass 5?'\*8\1‘ +the a\\a‘;v/\j can he

reduced by u/\ge.r—ht/\j a swoother +rgnsition band -
D(es

h _— — ..

Wy, \ ‘\

- Matlays Fir
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Iw\?u\se T nvaviant Des{ﬂm

__Sf{’a\r)T \/\J\‘\'\/\ G AQSH“G\.\)l@ 0\/\61\(/3 'c\\‘\fef' ua(ﬁ> \/\av\‘\/\‘j
wpulse response |y, (4).

— Main \\C\QJL" SGLW\?\Q \'\a('t\ o a 'C\'V\\"\'e ‘h/\-\—e)/‘\/a\
Yo ﬂe‘\ hTn) ¢

\r\CV\') = \ﬁa(“T)) o <n s Nl

\Q_A3—\b\ o L\'va") ;N
ovoer o€ Lilker: N-L

= ks n W\V\A{)wiv\j) there will be Aicdov-tion of The
C\es‘wed —crecéu\eu/\[u/ response auve 1o TruUnEats an

(MV\\Q.SS ‘(\AH') j\JS'\’ ‘I\&F\:&AS to bhe Linite \@V\j"“q.._
Wdally not tne eave ),

- AS [N Qrefbueva Saww‘\‘ﬂj, *I’\/\e,r@ wi\\ @@x\e«m\\

4
be a)

?CLS\'V\j. Not too much 04 4 concern al
[0’\3 a5 I, (%) decays mp{c\ly towards zern asg

t= N7 and as long a¢ there arce eneugh sawmples
S0 that the shape 0£ Wrn loles like A, (t).

-I% can b shown Mt
-~ W k.
H(ei‘“’) = “.\FZHa(—'F— 2~%> .

K=-09

S~ ! | 4 V/l
atdaly : np Y PaGE \0.23



Farts - McClelan Algorithm

~Tt s a0 numerical technigue for c\esig\m‘"j equirripl
Wnear phate FTR Pitevs, They have -

—ec()vm\ r(?P\e 'H\rauj"\ the é*orba"\‘(

— equal but d:fferent ripple —H\muﬁb\,'ﬂ\ﬁ
passband

— lineer Phase .

— This ¢ almost alweys ‘lmp\evz\ewi—e’a( on the computer

—You Wi\ qet me evperiene with i tae
L\a‘meww‘\t (C‘A&\F’\'@V“ T o the Lab Mamual),

- M@’\'«Qag : .\:{‘r?‘"/\
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