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Common Window Functions for FIR filter design:

Rectangular: wln] =1, —M <n<M,
i [n] 1[1+ (m>] M<n<M
ann: nl=—- cos [ — — n
w 5 s(a7)] <n<M,
, ™
Hamming: wln] = 0.54 + 0.46 cos <M>’ —M<n<M,
2
Blackman: wiln] = 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 Ayyr 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 .

sin (wen
Let th[n] = #

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]hrp[n—M], 0 <n < 2M.
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4. 25/20 pts. Use the window design method with an appropriate fixed window from

'theTable to design a causal lowpass FIR digital filter that meets
the following specifications: -

Pagshand Edge Freq. wy = 0.2 rad/sample
Stopband Edge Freq, | w, = 0.97 rad/sample
Max. Passband Ripple 6, = 0.005

Max, Stopband Ripple J; = 0.005

Give the filter impulse response Aln]. .
Ay = =20 Leq,, § = ,-'20.0_;.3‘0 0.60G = 46,0206 4B.

Table > L'L"WMMj dV\A. 'l?;\«.&\éw\a_n tan meet the Spee,
Au: Wy = = 0.9N=-0.2T = 0. 7T

by s 2 ] T ] 5

'B(uc\:.man AN-G;%E " = l‘.se s—sm” Teﬂ = 4

oIN

== Hawmming weets tee seec with 4 lLwer ordey

M=5, ovder =N=2M= 0. Le,mbﬂa"“ 2zl = 1.

Wpt Oy O, 2N+ 09T LT
1 = _— _—-_L 0,55 L .

-

2 2

W, =
— Sthaden = S 0SSTUY
N e : — . .
WNOERELLS 055y
wm = b 5’4-\- 0.4 Cos (%v\) 4. 5‘4—+0z‘l-b ws(ﬂ—n)
—%30% 5

. ' SM WA
W hy T = 54 +0,4b cos (3) T & ”” | =Ssuss,
sL(l~G+ "‘\’0 /\Aa\ce Cnu_‘,q'l;

w0, .
L\fn') - ° __;‘ijt(sr)\ 5) 0.51.-&0/%(05%0-5'); ;08010
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