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ABSTRACT

Windowing routines have as their purpose the reduction of the sidelobes of a spectral output of the FFT

or DFT routines. Windowing routines accomplish this

by forcing the beginning and end of any sequence to

approach each other in value. Since they must work with any sequence they force the beginning and ending

samples near zero. To make up for this reduction in
values near the middle of the sequence. The differenc

power, windowing routines give extra weight to the
e between windows is the way in which they transi-

tion from the low weights near the edges to the higher weights near the middle of the sequence. Signal-to-
noise ratio(SNR) can be determined by the ratio of the output noisy signal variance to the input noisy sig-

nal variance of a window. Standard deviation of noise

is reduced by windowing. Thus, the windowing oper-

ation improved the SNR of the noisy signal. This paper shows a performance estimation of windowing on a
single tone with added Gaussian noise and uniform noise.
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Table 1 Common Data Window Formulas Time Domain

Representation
Type Window Function w(n) Range of n
Trianguler or .-.H._ -MSns M
Bastien v (0284 + 1potn)
. | 1 ka1 N-1
Hanning == {) = co3—)
v} =2 0-con= ) TS
Homming u(u)-Ml-Q“m%m‘ _"_'.;,.‘.?
Blzckman n(n)-MZ-OSmﬁco.DSwr‘: --N—-l-sns!ﬂ
N X 2 2
Bleckman-Harris '.(.)ualstﬁ_m:m% ~%sns£;—‘
0162800622 - 0011690052
L3 N

Table 1) YEhd 3848 F94 990z uasn
Table 25 2t}

Table 2 Common Data Window Formulas Transform
Domain Representation

Type Window Function (/%)
{anguler or Bartlen )
Hanning ossw)ow:(m-%'pozmm’?‘)

N = =
Hanming WS(-HW&-T)NK(MT)
Blaskman 0425(0) +0255(e - %)&ﬂ.m(nw%)

1004510~ iN’i) +0045(0 + ‘7")
Blackman<Harris

0353575} + OUMUSS{o ~ %) + 02841455 (00 + 3;—-)

msas(a-%)wmnmxn‘?';

+0.05848 (0 - %) +Q0534S (0 + %).
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Table 3 Windows and Figures of Merit

Merit Highest Sidelobe Sikielobe falloff | Equivaleatavise band
Level (48) (dB/octave) width (bins)
Triaagle i) -2 133
| tiamsing B -12 123
| Haoming 3 5 136
Bladoun - -18 L3
Blsckman-Harris 2 5 200
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Fig. 1 Flowchart of the Signal Generation Process
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Fig. 3 Signal and Noises

Table 4 Variance and Standard Deviation of Signal
and Noise

liem g o 2

Siganl | Goussian | Uniform | Signal Uniform
Sigoal Type Noise Noise Naise Neise

Original 0.70849 | 0.21253 | 0.05911 | 0.50196 | 0.04517 | 0.00349

Afes Trisngular Window 040825 | 0.11942 | 0.03311 | 0.16666 | 0.01426 | 000110
ARcr Window 0.43301 | 0.12457 | 0.03504 | 0,18750 | 0.01532 | 0.00823
Afier Hamming Window 044577 | 0.12851 | 0.03619 | 0.19871 | 0.01651 | 0.00131
After Biackman Window 039026 | 0.§1323 | 0.03122 | 0,15230 | 0.01282 | 0.00097
After Blackmon-Herris Window 0.35984 | 0.10575 | 0.02854 | 0.12949 | 0.04118 | 0.0008)
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Fig. 4 Signal with Gaussian Noise Samples

(£} After Blackman-Hasris Window

(¢) After Blackaman Window

Fig. 5 Signal with Uniform Noise Samples
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Table 5 Variance and Standard Deviation Signal with Noise

Ttem y -

Signalwith | Signalwith | Sigmalwith |  Signalwits

Signal Type Goussian Noise|  Uniform Gaussian Uniform

Nolse Noiss _ Noise

| _Original 0.73328 0.71318 0.53770 0.50862
After Triangular Window 042357 0.41110 0,17941 0.16300
After Hanning Window 044986 043611 020237 0.19019
After Hamming Window 0.46313 0.44900 0.21449 020160
Afler Blackman Window 040421 0.39267 0.16338 0.15419
After Blackman-Harris Window 037153 0.36175 0.13804 0.13086

Table 6& x,(1) %k x,(1)of alnl Aze) Fgu)g
7% Aol olrgl 238 Yo Yehd o] Fig,
golt}. ek Azl 792 8 S e A5
ol #2H= 3.33363(24.08126 dB)olsit}. of A&
Aol ol ARLE ANAL A9 2 G
4, FANE A FTEE FRAAS A
3.47599(24.91759 dB)Z 714 A Jebgtl. ofd
Asd By gt HYHoRE 014236, dHoe
£ 0.83633 dB7t Z7I8tR T

Table 6 Signal to Noise Ratio between Signal and Noise

ttem SHR= 2t SNR=1N°E|0'E§'NBI
Signalwith | Signalwith | Signalwith Signal with
Signal Typa Gaussian Uniform Geussian Uniform
Noise Noise _Mokse Noise
Oviginal 333363 | 1198675 | 2408126 | 49.67603
After Trisngular Window 341865 | 1233174 | 24.58494 50.24353
After Hanning Window 347599 | 1235832 | 2491759 | so2ssso
After Horuming Window 346890 | 1231761 | 24.87673 5022060
After Blackman Window 3.44668 12.50004 24.74825 50.51463
Afer Blackman-Harris Window 340288 | 1260634 | 24.49247 | 5068400
25 r 1 50.8
L3O Signal with
248 | 1 506 Gausslan Noise
4 60.4 [~—@—Signal with
245§ Uniform Noise
4 §0.2
:ﬂfglz nar 2 80
242 11498 A Original

4 496 B: Triangular

4] 204 C: Hanning

D : Hamming
1492  E:Blackman

49 F : Blackman-Harris
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Fig. 6 Comparison of SNR between Signal with Gaussian
Noise and Signal with Uniform Noise
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