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1. Spectral Leakage and Window Function

Spectral leakage is the result of the assumption in the FFT algorithm that the time record in a
FFT segment is exactly repeated throughout all time and that signals contained in a FFT
segment are thus periodic at intervals that correspond to the length of the FFT segment. If the
time record in a FFT segment has a non-integer number of cycles, this assumption is violated
and spectral leakage occurs. Spectral leakage distorts the measurement in such a way that
energy from a given frequency component spreads to adjacent frequency lines or bins. In
most cases, you cannot guarantee that you are sampling an integer number of cycles in a FFT
segment. Choosing a window function correctly to suppress the spectral leakage for a certain
measurement is thus critical.

To choose a window function, you must estimate the signal frequency content first. If the
signal contains strong interfering frequency components distant from the frequency of
interest, choose a window with a high side lobe roll-off rate. If there are strong interfering
signal near the frequency of interest, choose a window with a low highest side lobe level. If
the frequency of interest contains two or more signals very near to each other, then frequency
resolution is very important. It is best to choose a window with a very narrow main lobe. If
the amplitude accuracy of a single frequency component is more important than the exact
location of the component in a given frequency bin, choose a window with a wide main lobe.
If the signal spectrum is rather flat or broadband in frequency content, use the Rectangle
Window. In general, the Hann Window has good frequency resolution and reduced spectral
leakage. It is satisfactory in 95% of cases.

For more information on FFT basics, please refer to:

http://www.virtins.com/doc/D1002/FFT Basics and Case Study using Multi-
Instrument D1002.pdf

2. How to use Multi-Instrument to evaluate a Window
Function

Multi-Instrument is a powerful multi-function virtual instrument software. It supports a
variety of hardware ranging from sound cards which are available in almost all computers to
proprietary ADC and DAC hardware such as NI DAQmx cards, VT DSO, VT RTA, VT
IEPE, VT CAMP and so on. The software can be downloaded at:
www.virtins.com/Mlsetup.exe and www.multi-instrument.com/MIsetup.exe for 21-day fully
functional FREE trial.

2.1 Method 1: Analyze the window function WAV file with no window
function

Multi-Instrument supports 60 window functions. A 1024-point 24-bit WAV file of each
window function is provided in the “WAV\window” directory of the software and can be
used to evaluate the behavior of each window function in the frequency domain. The
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sampling rate of these WAV files is 44100 Hz.

To evaluate a window function using the provided WAV file, the following changes to the
system default settings for the Spectrum Analyzer are required after loading the WAV file
via [File]>[Open]:

e [Window]: Rectangle;

o [FFT size]: >1024 (32768 is enough to show the shape of the spectrum of the window
function, but 4194304 will be used in this article to obtain more accurate window
parameters such as —3dB Main Lobe Width);

e [Setting]>[Spectrum Analyzer Processing]>[Intra-Frame Processing] > [Remove DC]:
Unchecked;

The following changes to the system default settings in the Spectrum Analyzer are
recommended:

o [Setting]>[Spectrum Analyzer Y Scale]: dBr
e [Horizontal Axis Multiplier]: x20

This method will be used in this article to evaluate those window functions that has the
highest side lobe level greater than -145dB (i.e. those window functions from Rectangle to
Kaiser 6 in Multi-Instrument). From Kaiser 7 to Cosine Sum 261, the difference between the
main lobe and the highest side lobe is more than 145dB. The required numerical precision
for a varying signal cannot be kept in a 24-bit WAV file and thus the following method will
be used instead.

2.2 Method 2: Analyze a unit DC signal with the window function to be
evaluated

The 1024-point 24-bit WAV file of the Rectangle window in the “WAV\window” directory
of the software can be used as the unit DC signal. To use it to evaluate a window function,
the following changes to the system default settings for the Spectrum Analyzer are required
after loading the WAV file via [File]>[Open]:

e [Window]: the window function to be evaluated;

o [FFT size]: > 1024;

o [Setting]>[Spectrum Analyzer Processing]>[Intra-Frame Processing] > [Remove DC]:
Unchecked;

The following changes to the system default settings in the Spectrum Analyzer are
recommended:

e [Setting]>[Spectrum Analyzer Y Scale]: dBr
e [Horizontal Axis Multiplier]: x20

One advantage of this method is that the real window function used in the software is
evaluated with high precision. The drawback is that the shape of the window function is not
shown in the Oscilloscope and some of the parameters which are calculated from the
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Oscilloscope (e.g. Coherent Gain and Equivalent Noise Bandwidth) cannot be obtained.
They will be obtained using Method 1 instead without compromising the precision.

2.3 Window Function Parameters to Be Evaluated

The spectrum of a window function is continuous with a main lobe and several side lobes
(see figure below). The width of the main lobe limits the frequency resolution of a windowed
signal. The ability to distinguish two closely spaced frequency components increases as the
width of the main lobe of the window function decreases. The width of the main lobe can be
described by its width at -3 dB and -6 dB below the peak of the main lobe. The side lobes
are characterized by the Highest Side Lobe Level and the Side Lobe Fall Off Rate.

There are some more abstract parameters for a window functions, such as Scallop Loss,
Coherent Gain, Equivalent Noise Bandwidth, etc. Readers are recommended to reference to
the classic paper “On the use of Windows for Harmonic Analysis with the Discrete Fourier
Transform”, Fredric J. Harris, Proceedings of The IEEE, Vol. 66, No. 1, January 1978.

0.5 x [Bampling Frecquency)f[Number of Real Data Point] (Hz)

-3dB

&dB
A[dEr] / Highest 3ide Lobe Level (dB) Side Lobe Fall Off Rate (dB/Cctave)

o 0115 0z 0.245 048 0.575 o 0205 o0&z 1025 1.‘1k5H
z

The following parameters of each window function can be measured with the help of the
cursor reader provided in Multi-Instrument. (see figure above)

e Highest Side Lobe Level (dB)

= Yro
where PO is located at the highest peak of the side lobes and Ypgq is its Y value in dB.

e Side Lobe Fall Off Rate (dB/Octave)
=109(2) x (Yps - Ypa) / [l0g(Nps)- 10g(Np4)]
where Ypqand Yes are the Y value in dB for P5 and P6 respectively, and Npsand Nes are

the X value in count for P5 and P6 respectively, Npg Nps=0, 1,..., N, where N is the FFT
size.

e -3dB Main Lobe Width (bins)
=2 x Npy x NoriginaI/ N
where P2 is located at Y= -3 dB within the main lobe, and Np; is its X value in count, Np
=0, 1,..., N, where N is the FFT size. Noigina IS the number of original data point before
zero padding. In the examples of this article, Norigina = 1024 and N = 4194304.
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e -6dB Main Lobe Width (bins)
=2 x Npz x NoriginaI/ N
where P3 is located at Y= -6 dB within the main lobe, and Npzis its X value in count. Np3
=0,1, ..., N, where N is the FFT size. Noriginal IS the number of original data point before
zero padding. In the examples of this article, Norigina = 1024 and N = 4194304.

e Scallop Loss (dB)
=-Yr1
where P1 is located at X = 0.5 x N/ Noriginai, Ye1 IS the Y value in dB for P1. Noriginal iS the

number of original data point before zero padding, and N is the FFT size. In the
examples of this article, Noriginat = 1024 and N = 4194304.

The following parameters of each window function can be obtained via the mean and RMS
values measured in Multi-Instrument.

e Coherence Gain
= Mean
where Mean is the mean value of the window function waveform.

e Equivalent Noise Bandwidth
= RMS?/ Mean?
where RMS and Mean are the RMS and mean values of the window function waveform
respectively.
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3. Window Functions

3.1 Rectangle Window
win)=1, n=0,1,...,N-1

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-13 -6 0.88 1.21 3.92 1 1

s Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP+VBM] - Rectangle 2?4Bit_1024Pt.wav - =SoundMAX Digital Audio=>

File Setting Instrument ‘Window Help

& @ & | Trigger [Auto s lus <l =l —|sample[a41kiz -]l ~|[zaBit ~|Point] | Roll Record | Auto
o E M m B E@} wE N q3 » ;:| J| J| J| Jthe 1 - . 29%{-0.1 dBFS)

0% Oscilloscope
A Mare (LIEE05ETE Y Min= DS0EEEE7E ¥ Mean= 09995507 v RMS= 090000876

-150.

0113 23 0345 045 0573 0E3 . .
FFT Segrments:1  Resolution: 0.0105142Hz MNORMALIZED AMPLITUDE SPECTRUM kHz
/0 ]
—!
Flase  ~[[x20 -[a[150dB -|of  -|[Amplitude Spectrum ~]H| | | FFT[4194304 ~|WND [Rectangle ~]Jox -]
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3.2 Triangle Window

w(n) = n/(N/2),
w(n) = w(N-n),

n=0,1,...,N/2;
n=N/2,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-27 -12 1.28 1.78 1.82 0.5 1.33

o Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP-VBM]

Triangle 24Bit 1024Pt.wav =SoundMAX Digital Audio=

~|[a ~][2aBit ~|Point[1024 -]~ ol Record| Auto

jF‘rohe1 j1 ;I

File Zetting Instrument window Help

& | & |Trigger [Auto e s s = 0 —{sample[aakHz

o WM& ARH AL N G mfac Jac - -]

" Oscilloscope

A We= 0LSR329ETE W Min= 0000000007 hMean= 0.490000300 W RMS= 057735062

%, 0.1415 045 0575 0es . .1 1.15
FFT Segments:1  Resolution: 0.0105142Hz HORMALIZED AMPLITUDE SPECTRURM kHz
3| £l
=

J FlAuto v|x2l] vI.ﬂ\|—15I]dB 'IOﬂ vIaﬁ.mplitude Spectrum lelOﬂ v"0ﬂ - | FFT|4194304 vIWND Rectangle v |02
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3.3 Hanning Window

w(n) = sin’(n/N) = 0.5-0.5cos(2nn/N), n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-32 -18 1.44 2.00 1.42 0.5 1.50

s Multi-Instrument Pro 3.1

=SoundMAX Digital Audio>

EX

- [+3DP+DLG+LCR+UDP+VBM]

File Setting Instrument ‘window Help

Hanning_24Bit_1024Pt.wav

= H & |Trigger [auto ~lla Slup ol 0 [ 0% —{sample[aaikHz ~|la  ~|[zaBit ~|Paint[i024 ~|I” Roll Record | Auto

o EBME@ AR E|A Ll %> nfac ~Jac - -] |Probe[1 |1 -|[ssEEeAB RS

" Dscilloscope = HEHX\
AV A = 0FIREEL Y Min= 000000000 Y Mean= 0493959357 W RMS= DB1E722 W

pral
WAVEFORM e

A Peak Frequency=0.011 Hz

0 0z 0.245 0205 052 1035 1.15

0.415 045 0575 069
FFT Segments:1  Resolution: 0.0105H3Hz NORMALIZED AMPLITUDE SPECTRUM KHz
<) 3

J F |Auto A |x2l] 'lﬁ:\l—15I]dB vlOﬂ vl;ﬂ\mplitude Spectrum 'IB|0ﬂ v"0ﬂ h ‘FF: 4194304 vIWND Rectangle < |l]% i
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3.4 Hamming Window

w(n) = 0.54 — 0.46¢cos(2nw/N), n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-43 -6 1.30 1.81 1.75 0.54 1.36

S Multi-Instrument Pro 3.1

- [+3DP+DLG-LCR+LIDP+V¥BM]

Hamming_24Bit_1024Pt.wav =SoundMAX Digital Audio>
File Setting Instrument ‘Window Help

& H & |Trigger [Auto Sl on o 0% —|sample[4aakiz <][a <[[zaBit - |Paint[i024 | ol Record | Auto

o= ME & B | A s ts W) e mac lac - | ~|Probe1 -|[i - | R

" Oscilloscope
A Mare (39905564 Min= D.OTSEEEE2 ¥ Mean= 053955075 W RMS= 0050643

5 0113
FFT Segments:d  Resolution: 0.010S443He

045 0575 063
HORMALIZED AMPLITUDE SPECTRUR
@) |

| Flaso  ~|[«20 -[a[1s0dB -[loff  ~[[Amplitude Spectrum - |B[0ii Jor -] FFT4194304 - |WND [Rectangle ||
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3.5 Blackman Window

w(n) = 0.42 — 0.5cos(2nn/N) + 0.08cos(4nn/N), n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-58 -18 1.64 2.29 1.10 0.42 1.73

S Multi-Instrument Pro 3.1

- [+3DP+DLG-LCR+LIDP+VBM]

Blackman_24Bit_1024Pt.wav

=SoundMAX Digital Audio>

File Setting Instrument ‘Window Help

=EHES Trigger|Aulu j| J| J| :“ :ISampIe|44.lkHz j|A
RS ¥ N o |

0% Oscilloscope
A A: Mare (LI9905564 V Min= DODOOOCED Y Mean= 041355554 W RMS= 095190553 v

j|24Bil jPoint| Jr Record | Auto
Jthe1 -  29%{-0.1dBFS)

AdEr) A; Peak Frequency=0.011 Hz

9% 0113 U.IZ3 0345 045 0573 0E3 DE‘Eﬁ U.& 1053 115
FFT Segrments:1  Resolution: 0.0105142Hz MNORMALIZED AMPLITUDE SPECTRUM kHz
= (]
Flase  ~[[x20  -[a[1s0dB -|lo#i  -|[amplitude Spectrum -]B| | | FFT]4194304 ~|WND [Rectangle A | (|

www.virtins.com D1003 12 Copyright © 2019 Virtins Technology



Virtins Technology

Evaluation of Various Window Functions using Multi-Instrument

3.6 Exact Blackman Window
w(n) = 7938/18608 — 9240/18608 x cos(2nm/N) + 1430/18608 x cos(4nn/N)

n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-68 -6 1.60 2.25 1.15 0.43 1.69

. Multi-Instrument Pro 3.1 - [+3DP+DLG-LCR+UDP+VBM] - ExactBlackman_24Bit_1024Pt.wav - <SoundMAX Digital Audio> EEX

File Setting Instrument ‘Window Help

& E & |[Trgger[Normal <[+ Jjup ][ 0% =|[ 0% —|Samplefa41kiz <[} ~][24Bit -|Point] |1 1ol Record | Auto
OELPEELE 5 ) > fic i ] | T i

0% Oscilloscope
A A: Mare (LIE905E64 V Min= DODEETETS ¥ Mean= 042659053 ¥ RMS= 095517423 ¥

i

AdEr) A; Peak Frequency=0.011 Hz

025 08z 1053 115
kHz

D 0113
FFT Segments:d  Resolution: 0.010S443He
£
==

Tlaoms  <[[x1 = Alauto o - -l 8 l =

0.z3 0345 045 0573 063
MNORMALIZED AMPLITUDE SPECTRUM

2
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3.7 Blackman-Harris (4 terms) Window
w(n) = 0.35875 — 0.48829 x cos(2nn/N) + 0.14128 x cos(4nn/N) —0.01168 x cos(6nm/N)

n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-92 -6 1.90 2.66 0.83 0.36 2.00

~ Multi-Instrument Pro 3.1 - [+3DP+DLG-LCR+UDP+VBM] - BlackmanHarris_24Bit_1024Pt.wav - <SoundMAX Digital Audio> EEX

File Setting Instrument ‘Window Help

& E@ & |Trigger[Normal  -|[+ -|lup -] 0% [ 0% —|Sample[ad.ikHz  ~|[s  ~|[2aBit ~|Point[1024 ~|I” noll Record | Auto

o B & A WA LAl S Qe fac |[ac a1V v ~Prabel[t <[ -]

~oOsclloseope . o

AV A Mee= 093339054 W Min= 000008295 Y Mean= 0.25574335 W RMS= 050700076

i

AdEr) A; Peak Frequency=0.011 Hz

9% 0113 045 0573 0E3 025 08z 1053 115
FFT Segrments:1  Resolution: 0.0105142Hz MNORMALIZED AMPLITUDE SPECTRUM kHz

e ] ¥

| F [auto ~|[x20  ~|a[150dB ~|[of  ~|[Amplitude Spectrum ~|B[0% [0 -] FFT[4194304 ~|WnND [Rectangle ~J[o% =
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Evaluation of Various Window Functions using Multi-Instrument

3.8 Blackman-Nuttall Window

w(n) = 0.3635819 — 0.4891775 x cos(2nm/N) + 0.1365995 x cos(4nm/N) —0.0106411 x
cos(6nm/N)

n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-98 6 1.87 2.63 0.85 0.36 1.98

. Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP+¥BM] - BlackmanNuttal 74Bit 1024Pt.wav - <SoundMAX Digital Audio=

File Zetting Instrument window Help
& E & [Trigger[Normal  -|[+ Jlup -] 0% <[ 0% —|samplefaa.ikHz  ~|[s  -|[24Bit -|Point[1024 ~|I” Foll Record | Auto

o EME @ A7 B E| A Lals S > elac -lac v leiv ~|Probe[1 ~|[i -]

" Oscilloscope El L E‘

AV A Wee= 083329064 0 Min= 000026275 Mean= 025252174 W RME= 0051110201

Il Spectrum Analyzer El@lz\
AdEr) A; Pesk Frequency=0.011 Hz

- 0115
FFT Segments:1  Resolution: 0.0105143Hz
<3| |

] &
J F |Auto A |x2l] 'Iﬁ_\l—15I]dB 'IOﬂ vIaﬁ.mplitude Spectrum 'I|_3|0ﬂ v"0ﬂ i ‘FF_ 4194304 vIWND Rectangle < |l]% i

0205 052 1023 1.15

0zz 0.245 045 0575 0Eg
MNORMALIZED AMPLITUDE SPECTRUNM kHz
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3.9 Flat Top Window

w(n) = 0.21557895 — 0.41663158 x cos(2nn/N) + 0.277263158 x cos(4nm/N) — 0.083578947
x c0s(6nm/N) + 0.006947368 x cos(8nm/N)

n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-94 -6 3.72 4.58 0.012 0.22 3.77

. Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR:UDP+¥BM] - FlatTop 24Bit 1024Pt.wav - =SoundMAX Digital Audio>

File Zetting Instrument window Help
& E & [Trigger[Normal  -|[+ Jlup -] 0% <[ 0% —|samplefaa.ikHz  ~|[a  -|[24Bit -|Point[1024 ~|I” Foll Record | Auto
A A - v ~[Prabe|1 <[ <] —————

L PR B
" Oscilloscope
AT A Mare (LFE9E50TE V Min=-0.0T0SE0EE ¥ Mean= O.21557557 ¥ RME= DL418S215

CEX

AdEr) A Pezk Frequency=11.797 Hz

- 0115
FFT Segments:1  Resolution: 0.0105143Hz
<3 |

& .3
J F |Auto - |x2l] vI.ﬂ\|—15I]dB 'IOﬂ vIaﬁ.mplitude Spectrum lelOﬂ v"0ﬂ - | FFT|4194304 vIWND Rectangle A |l]% M

0205 052 1023 1.15

0zz 0.245 045 0575 0Eg
MNORMALIZED AMPLITUDE SPECTRUNM kHz
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3.10 Exponential Window (o = 0.1)

/N

wn)=a"", 0<oa<l, n=0,1,...,N-1;
a=0.1
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-10 -6 1.03 1.47 2.83 0.39 1.41

“ Multi-Instrument Pro 3.1

File 3etting Instrument

window  Help

- [+3DP+DLG+LCR+UDP +VBM]

Exponential0.1_24Bit_1024Pt.wav

=EE Trigger|

¥ Oscilloscope
Al

® |55 5 @ 50 5 ol

K|

Normal

T e

=SoundMAX Digital Audio>

|

||

A Wa= 033333676 W Mn= 0010022457 ¥ Mean= 033130430 W RMS= 048417602 v

Sample[44.1kHz  ~|[a
|

~|[24Bit_~|Point[1024
JProhe1 <

jl‘

-153EI

1.035

0115 048 0575 0es 115
FFT Segments:1  Resolution: 0.0105143Hz MORMALIZED AMPLITUDE SFECTRUM kHz
2m >
— —
Flaso  ~|[x20  ~|al-150dB ~[foff  ~|[amplitude Spectrum ~|B -l _-| FFT/4194304 ~|WND |Rectangle =l

www.virtins.com

D1003

17

Copyright © 2019 Virtins Technology
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3.11 Gaussian Window (a = 2.5)

w(n) = g0Sla @N-DIa@N-D] 5o 01 N-1:

a=25
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-43 -6 1.37 1.92 1.58 0.50 1.45

“ Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP+VBM] - Gauss2.5 24Bit_1024Pt.wav - =SoundMAX Digital Audio>

File 3etting Instrument ‘window Help
E E & [Trigger[Normal  +|[x -fup - 0% [ 0%
o EMEBERME AL NG~

" Oscilloscope

Sample[44.1kHz  ~|[o  ~|[24Bit -|Point[1024 ~|I” Pl Record | Auto

ac ~llac = Zl|z1v - |Probe

A Wa= 033333676 W Mn= 004335553 Y Mean= 043008926 W RMS= 033528392 v

A; Peak Frequency=0.011 Hz

19y 0115
FFT Segments:1  Resolution: 0.0105143Hz
=) 2

| F [auto ~|[x20 -|a[a50dB ~|[of  ~|[Amplitude Spectrum ~|B[0i [0 -] FFT/4184304 ~]WND [Rectangle o =

oans nsz 1.035 115
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3.12 Gaussian Window (o = 3.0)

w(n) = 0ol GMN-DIEe@IN-DL g > =2 n=0,1,... N-1;

a=3.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-56 -6 1.60 2.26 1.16 0.42 1.71

“ Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP+VBM] - Gauss3.0_24Bit_1024Pt.wav - =SoundMAX Digital Audio>

File 3etting Instrument ‘window Help
E E & [Trigger[Normal  +|[x -fup - 0% [ 0%
o EMEBERME AL NG~

" Oscilloscope

Sample[44.1kHz  ~|[o  ~|[24Bit -|Point[1024 ~|I” Pl Record | Auto

ac ~llac = Zl|z1v - |Probe

A Wae= 033333676 W Mn= 001110555 Y Mean= 0.41854323 W RMS= 054350821 v

A; Peak Frequency=0.011 Hz

19y 0115
FFT Segments:1  Resolution: 0.0105143Hz
1) ]

| F [auto ~|[x20 -|a[a50dB ~|[of  ~|[Amplitude Spectrum ~|B[0i [0 -] FFT/4184304 ~]WND [Rectangle o =
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3.13 Gaussian Window (o = 3.5)

w(n) = 0ol GMN-DIEe@IN-DL g > =2 n=0,1,... N-1;

a=35
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-71 -6 1.85 2.62 0.87 0.36 1.98

“ Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP+VBM] - Gauss3.5 24Bit_1024Pt.wav - =SoundMAX Digital Audio>

File 3etting Instrument ‘window Help
E E & [Trigger[Normal  +|[x -fup - 0% [ 0%
o EMEBERME AL NG~

" Oscilloscope

Sample[44.1kHz  ~|[o  ~|[24Bit -|Point[1024 ~|I” Pl Record | Auto

ac ~llac = Zl|z1v - |Probe

A Wa= 033333676 W Mn= 000215743 Mean= 033752300 W RMS= 030313712 v

A; Peak Frequency=0.011 Hz

19y 0115
FFT Segments:1  Resolution: 0.0105143Hz
1) ]

| F [auto ~|[x20 -|a[a50dB ~|[of  ~|[Amplitude Spectrum ~|B[0i [0 -] FFT/4184304 ~]WND [Rectangle o =
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3.14 Welch (Riesz) Window
w(n) =1-[2n/N-1]>, n=01,....N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-21 -12 1.15 1.59 2.22 0.67 1.20

. Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR:UDP+V¥BM] - Welch 24Bit 1024Pt.wav - <SoundMAX Digital Audio=

File Zetting Instrument window Help

& E & [Trigger[Normal  -|[+ Jlup -] 0% <[ 0% —|samplefaa.ikHz  ~|[a  -|[24Bit -|Point[1024 ~|I” Foll Record | Auto
® M @ A7 BT A L n ) e e fac ffac - v L e [

" Oscilloscope El @‘ E‘

AV A We= 0LSR339ETE W Min= 000000000 hean= 0.EEREEREE W RME= 073023654

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

- 0115
FFT Segments:1  Resolution: 0.0105143Hz
/)| 3

J F |Auto - |x2l] vI.ﬂ\|—15I]dB 'IOﬂ vIaﬁ.mplitude Spectrum lelOﬂ v"0ﬂ - | FFT|4194304 vIWND Rectangle A |l]% M
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3.15 Cosine Window (a0 = 1)
w(n) =sin*(nt/N), n=0,1,...,N-1;

a=1
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-23 -12 1.19 1.64 2.10 0.64 1.23

“ Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP+VBM] - Cosinel.0_24Bit_1024Pt.wav - =SoundMAX Digital Audio=

File 3etting Instrument ‘window Help

& | & |Trigger [Normal _ ~|[n -|[up ~|[ 0% <[ 0% —|samplefaa.ikHz  ~|[a  ~|[zaBit ~|Point[1024 ~|I” Fwll Record | Auto
eEMEE Wt A ais W@ > m[ac Jac - B Probe|1 <1 - |—————

" Oscilloscope
A M= 03335964 W Min= 000000000 ¥ Meen= 063051304 W RMS= 070710655 v

19y 0,115
FFT Segments:1  Resolution: 0.0105143Hz
10 | =]

| F [auto ~|[x20 -|a[a50dB ~|[of  ~|[Amplitude Spectrum ~|B[0i [0 -] FFT/4184304 ~]WND [Rectangle o =
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3.16 Cosine Window (o = 3)
w(n) =sin*(nt/N), n=0,1,...,N-1;

oa=3
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-39 -24 1.66 2.31 1.08 0.42 1.73

“ Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP+VBM] - Cosine3.0_24Bit_1024Pt.wav - =SoundMAX Digital Audio=

File 3etting Instrument ‘window Help
E E & [Trigger[Normal  +|[x -fup - 0% [ 0%
o EMEB@RM AL NG »

" Oscilloscope

Sample[44.1kHz  ~|[o  ~|[24Bit -|Point[1024 ~|I” Pl Record | Auto

ac ~llac = Zl|z1v - |Probe

A Wa= 033333064 W Min= 000000000 Mean= 0.42441301 W RMS= 033301651 v

A; Peak Frequency=0.011 Hz

19y 0115 045 0575 083 nas iE:A] 10 115
FFT Segments:  Resolution: 00105 43He HORMALIZED AMPLITUDE SPECTRUM kHz
& [m) >

| F [auto ~|[x20 -|a[a50dB ~|[of  ~|[Amplitude Spectrum ~|B[0i [0 -] FFT/4184304 ~]WND [Rectangle o =
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3.17 Cosine Window (o = 4)
w(n) =sin*(nn/N), n=0,1,...,N-1;

a=4
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-47 -30 1.85 2.58 0.86 0.38 1.94

o Multi-Instrument Pro 3.1 - [+3DP+DLG-LCR+UDP+V¥BM] - Cosine4.0 24Bit 1024Pt.wav - =SoundMAX Digital Audio=

Fil= Setting Instrument ‘wWindow Help

& | & |Trigger [Normal  ~|[+ ~|jup -] 0% =] 0% —|samplefaa.ikHz.  ~|[a  ~|[24Bit ~|Point[1024 ~|I” Holl Record| Auto
® MM & A0 8| A e s e efac ffac - v B i

" Oscilloscope T | |
AT A Mare (39955564 V Min= DODDOOOED Y Mean= 037499884 v RMS= 052291234 v

A; Pesk Frequency=0.011 Hz

D 0115
FFT Segments:1  Resolution: 0.0105143Hz
/)

J FlAuto '|x2|] vI.ﬁu|—15I]dB 'IOH 'IAmpIitude Spectrum lelOﬂ '"0ﬂ he \FF 1194304 vIWND Rectangle > ||0%%

045 0575 0E3 0205 k=3 1035 1.15
MNORMALIZED AMPLITUDE SPECTRUNM kHz

2

0z3 0.245
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3.18 Cosine Window (o = 5)
w(n) =sin*(nn/N), n=0,1,...,N-1;

a=5
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-54 -36 2.03 2.84 0.72 0.34 2.13

“ Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP+VBM] - Cosine5.0_24Bit_1024Pt.wav - =SoundMAX Digital Audio=

File 3etting Instrument ‘window Help
E E & [Trigger[Normal  +|[x -fup - 0% [ 0%
o EMEB@ DM AL NG »

" Oscilloscope

Sample[44.1kHz  ~|[o  ~|[24Bit -|Point[1024 ~|I” Pl Record | Auto

ac ~llac = Zl|z1v - |Probe

A Wae= 033333064 W Min= 000000000 hMeen= 0.3335300 W RMS= 043807521 v

A; Peak Frequency=0.011 Hz

19y 0115
FFT Segments:1  Resolution: 0.0105143Hz
1) 2

| F [auto ~|[x20 -|a[a50dB ~|[of  ~|[Amplitude Spectrum ~|B[0i [0 -] FFT/4184304 ~]WND [Rectangle o =

oans nsz 1.035 115
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3.19 Riemann Window
w(n) = sin[(2n/N-1) ©}/[(2n/N-1) ], n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-26 -12 1.25 1.73 1.89 0.59 1.30

. Multi-Instrument Pro 3.1 - [+3DP+DLG:LCR+UDP-V¥BM] - Riemann_24Bit_1024Pt.wav - =SoundMAX Digital Audio>

File Setting Instrument ‘Window Help

& E@ & |Trigger[Normal  -|[+ -|lup -] 0% [ 0% —|Sample[ad.ikHz  ~|[s  ~|[2aBit ~|Point[1024 ~|I” noll Record | Auto

o B & A WA LAl S Qe fac |[ac a1V v ~Prabel[t <[ -]

" Oscilloscope

A Mee= 093339076 W Mn=-000000012 % Mean= 0535455034 W RMS= DET1E7TIS v

5 0113
FFT Segments:1  Resolution: 0.0105143Hz
/D) 2]

| F [auto |[x20  ~|a[750aB ~|jof  ~|[amplitude Spectrum ~|B[0+ [0 ] FFT[a194304 ~|WND [Rectangle <% =
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3.20 Parzen (De La Valle-Poussin) Window

w(n) = 1 - 6(2n/N-1)*(1-]2n/N-1|)
w(n) = 2(1-|2n/N-1])3

0 <=|n-N/2| <= (N/4)
(N/4) <=|n-N/2| <= (N/2)

n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-53 -24 1.82 2.55 0.90 0.38 1.92

- Multi-Instrument Pro 3.1

- [+3DP+DLG-LCR+LIDP+VBM]

Parzen_24Bit_1024Pt.wav =SoundMAX Digital Audio>

Fil= 3etting Instrument window Help

& E & [Trigger[Normal  -|[+ Jlup -] 0% <[ 0% —|samplefaa.ikHz  ~|[s  -|[24Bit -|Point[1024 ~|I” Foll Record | Auto
o EME e 278 E| A Lals S > elac -lac v leiv L O

" Oscilloscope
A Mare (LFS9E50TE V Min= DODDOOOED Y Mean= 037499865 v RME= DLS1E27131 ¥

A; Pesk Frequency=0.011 Hz

- 0.415 045 0575 063 X I 145
FFT Segments:!  Resolution: 0.010S43Hz NORMALIZED AMPLITUDE SPECTRUM KHz
< | 2

J F |Auto A |x2l] vI.ﬂ\|—15I]dB 'IOﬂ vIaﬁ.mplitude Spectrum lelOﬂ v"0ﬂ he ‘FF 1194304 vIWND Rectangle h |l]% i
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3.21 Tukey (Tapered Cosine) Window (o = 0.25)

w(n) = 0.5{1 - cos[2nn/(aN)]} n < (aN/2)
w(n) = 1.0 (aN/2) <= n <= N-(aN/2)
w(n) = 0.5{1 - cos[2n/a - 2nn/(aN)]} n > N-(aN/2)
n=0,1,...,N-1;
a=0.25
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-14 -18 1.01 1.37 2.97 0.88 1.10

. Multi-Instrument Pro 3.1 - [+3DP+DLG-LCR:UDP+VBM] - Tukey0.25 24Bit_1024Pt.wav - =SoundMAX Digital Audio=

Fil= Setting Instrument ‘wWindow Help

& | & |Trigger [Normal  ~|[+ ~|jup -] 0% =] 0% —|samplefaa.ikHz.  ~|[a  ~|[24Bit ~|Point[1024 ~|I” Holl Record| Auto

o EME e WA Ll NG r wlac -ac - -] ~Probe[t [ -]

" Oscilloscope

A We= 0LSR339ETE Y Min= 0000000007 Mean= 087459072 W RMES= 094255242

D 0115
FFT Segments:1  Resolution: 0.0105143Hz
<3 |

4 >
| F [auto ~|[xz0  ~|a[as0aB ~|jof  ~|[amplitude Spectrum ~|B[0+ -|[oi ] FFT{4194304 ~|WND [Rectangle <% =
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3.22 Tukey (Tapered Cosine) Window (o = 0.50)

w(n) = 0.5{1 - cos[2nn/(aN)]} n < (aN/2)
w(n) = 1.0 (aN/2) <= n <= N-(aN/2)
w(n) = 0.5{1 - cos[2n/a - 2nn/(aN)]} n > N-(aN/2)
n=0,1,...,N-1;
o =0.50
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-15 -18 1.15 1.57 2.24 0.75 1.22

A Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP-VBM] - Tukey0.50_24Bit_1024Pt.wav - =<SoundMAX Digital Audio> CEX

File 3etting Instrument ‘window Help

& | & |Trigger [Normal _ ~|[n -|[up ~|[ 0% <[ 0% —|samplefaa.ikHz  ~|[a  ~|[zaBit ~|Point[1024 ~|I” Fwll Record | Auto
o DME & L 2| A Lelp %) > mfac ~Jfac v ey ~|Probe[1 -|[i - |t AR RS

" Oscilloscope

A Wa= 033333676 W Min= 000000000 hMeen= 0.743533330 W RMS= 052313593 v

19y 0115
FFT Segments:1  Resolution: 0.0105143Hz
0 ]|

>
| Flamo <[P0 -[a[15008 ~jof  <|[Amplitude Spectram  ~|B[0i [0 -] FFT/4184304 ~]WND [Rectangle o =

0z3 0345 oans nsz 1.035 115

04E 05s 0Ees
MORMALIZED AMPLITUDE SFECTRUM kHz
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3.23 Tukey (Tapered Cosine) Window (o = 0.75)

w(n) = 0.5{1 - cos[2nn/(aN)]} n < (aN/2)
w(n) = 1.0 (aN/2) <= n <= N-(aN/2)
w(n) = 0.5{1 - cos[2n/a - 2nn/(aN)]} n > N-(aN/2)
n=0,1,...,N-1;
a=0.75
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-19 -18 1.30 1.79 1.73 0.63 1.36

. Multi-Instrument Pro 3.1 - [+3DP+DLG-LCR:UDP+VBM] - TukeyD.75_ 24Bit_1024Pt.wav - =SoundMAX Digital Audio=

Fil= Setting Instrument ‘wWindow Help
& | & [Trigger[Normal  ~|[x Jup -]/ 0% =] 0%
o EME & Bz h et s wac -Jac -

" Oscilloscope
AT A Mare (3905075 V Min= DODDOOOED Y Mean= 0624996867 v RMS= 072008880

Sample[44.1kHz

~|[a ~][2aBit ~|Point[1024 ~|I™ 1ol Record| Auto

ijhe1 j1 ;I

A; Peak Frequency=0.011 Hz

D 0115
FFT Segments:1  Resolution: 0.0105143Hz
<3 |

4 >
| F [auto ~|[xz0  ~|a[as0aB ~|jof  ~|[amplitude Spectrum ~|B[0+ -|[oi ] FFT{4194304 ~|WND [Rectangle <% =

0205 k=3 1035 1.15

0z3 0.245 045 0575 0E3
MNORMALIZED AMPLITUDE SPECTRUNM kHz
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3.24 Bohman Window

w(n) = (1 - |2n/N - 1])cos(nt|2n/N - 1|) + sin(x|2n/N - 1|)/x, n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-46 -24 1.70 2.37 1.02 0.41 1.79

. Multi-Instrument Pro 3.1 - [+3DP+DLG:LCR+UDP+VBM] - Bohman_24Bit_1024Pt.wav - =SoundMAX Digital Audio>

File Setting Instrument ‘window Help

& E & |Trigger[Normal  -|[= -|lup -] 0% [ 0% —|sample[an.ikHz  ~|[a  ~|[2aBit ~|Point[1024 ~|I” Roll Record | Auto

o EME & A S| A LN nfac e v v Probef1 ~[i -]

" Oscilloscope [ E\

ANV A M= 093939576 W Min=-0 00000012 W Mean= 04028095 W RMS= 054158536 W

@
20:30,53000 WAVEF DR ms
UJ_._LSpectrum Analyzer, |- ”El Hx‘
AdEr) A Peak Frequency=0.011 Hz

iy 0.z 115

0415 045 0575 083 X I
FFT Segments:!  Resolution: 0.0105143He HORMALIZED AMPLITUDE SPECTRUM kHz
|| ¥

| F [auto v|[xz0  ~|a[-150aB ~|jof  +|[amplitude Spectrum ~|B[0¢ <|[o -] FFT[4194304 ~|WND [Rectangle % =~
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3.25 Poisson Window (a = 2)

w(n) = et =01 L N-;
o=2
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-19 -6 1.21 1.70 2.03 0.43 1.31

" Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP+VBM]

Poisson2.0_24Bit_1024Pt.wav =SoundMAX Digital Audio>

Fil= Setting Instrument ‘wWindow Help
& M & [Trigger[Normal  -|[+ [jup ~|[ 0% [ 0% —|Sample[44.1kHz
o BME@ A=A a8 %> fac -Jac | v

" Oscilloscope

ijhe1 j1 -

A We= 0LSR329ETE W Min= 013333521 W Mean= 043222275 W RME= 043540102

A; Pesk Frequency=0.011 Hz

5 0115
FFT Segments:1  Resolution: 0.0105143Hz

045 0575 069
NORMALIZED AMPLITUDE SPECTRUM
(3] 2

| F [auto ~|[xz0  ~|a[as0aB ~|jof  ~|[amplitude Spectrum ~|B[0+ -|[oi ] FFT{4194304 ~|WND [Rectangle <% =
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3.26 Poisson Window (a = 3)

w(n) = et =01 L N-;
oa=3
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-25 -6 1.45 2.08 1.44 0.32 1.66

" Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP+VBM]

Poisson3.0_24Bit_1024Pt.wav

~|[a ~][2aBit ~|Point[1024 ~|I™ 1ol Record| Auto
~[=v ~|Probe[1 -1 ,I

=SoundMAX Digital Audio>

Fil= Setting Instrument ‘wWindow Help
& M & [Trigger[Normal  -|[+ [jup ~|[ 0% [ 0% —|Sample[44.1kHz
o BME@ A=A a8 % > fac -Jac |

" Oscilloscope

A We= 0LSR329ETE W Min= 004372004 W Mean= 0.21E72241 W RME= 040774413

5 0115
FFT Segments:1  Resolution: 0.0105143Hz

045 0575 069
NORMALIZED AMPLITUDE SPECTRUM
3| 2

| F [auto ~|[xz0  ~|a[as0aB ~|jof  ~|[amplitude Spectrum ~|B[0+ -|[oi ] FFT{4194304 ~|WND [Rectangle <% =
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3.27 Poisson Window (a. = 4)

w(n) = et n =01, N-1;
a=4
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-31 -6 1.75 2.58 1.02 0.25 2.07

- Multi-Instrument Pro 3.1

- [+3DP+DLG-LCR+LIDP+VBM]

Poissond.0_24Bit_1024Pt.wav =SoundMAX Digital Audio>

Fil= Setting Instrument ‘wWindow Help
& M & [Trigger[Normal  -|[+ [jup ~|[ 0% [ 0% —|Sample[44.1kHz
o BME@ A=A a8 %> fac -Jac | v

" Oscilloscope

ijhe1 j1 -

A Wee= 0LS33296TE W Min= 001831335 Mean= 0.24542002 W RME= 035245735

5 0115
FFT Segments:1  Resolution: 0.0105143Hz

045 0575 069
NORMALIZED AMPLITUDE SPECTRUM
(3] 2

| F [auto ~|[xz0  ~|a[as0aB ~|jof  ~|[amplitude Spectrum ~|B[0+ -|[oi ] FFT{4194304 ~|WND [Rectangle <% =
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3.28 Hanning-Poisson Window (o = 0.5)

w(n) = [0.5-0.SCOS(ZnTE/N)]e('(l|2n/N-1|)’

n=0,1,...,N-1;

a=05
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-35 -12 1.53 2.14 1.26 0.43 1.61

HannPo0.5 24Bit_1024Pt.wav

~|[a ~][2aBit ~|Point[1024 ~|I™ 1ol Record| Auto
B v ~[Probe|1 +][1 - |Me————re——

=5

- Multi-Instrument Pro 3.1

- [+3DP+DLG+LCR+UDP+VBM]
Fil= Setting Instrument ‘wWindow Help
& | & [Trigger[Normal <[+ Jlup -] 0% | 0% —|Sample|44.1kHz
® MM & A0 8| s s e efac ffac -
" Dscilloscope

AV A W DLSHREE0E4 M= 000000000 Meen= 043615790 |/ RMS= D.S4847210

=SoundMAX Digital Audio=

A; Pesk Frequency=0.011 Hz

5 0115
FFT Segments:1  Resolution: 0.0105143Hz
L2l 7-'] 2

| F [auto ~|[xz0  ~|a[as0aB ~|jof  ~|[amplitude Spectrum ~|B[0+ <|[o ] FFT{4194304 ~|WND [Rectangle <% =

0z3 0.245
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3.29 Hanning-Poisson Window (o = 1.0)

w(n) = [0.5-0.5cos(2nmt/N)Jet*P"™1D -~ n=01,... N-1;

a=1.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-39 -12 1.63 2.29 1.11 0.38 1.73

HannPo1.0_24Bit_1024Pt.wav

~|[a ~][2aBit ~|Point[1024 ~|I™ 1ol Record| Auto
B v ~[Probe|1 +][1 - |Me————re——

)=

- Multi-Instrument Pro 3.1

- [+3DP+DLG+LCR+UDP+VBM]
Fil= Setting Instrument ‘wWindow Help
& | & [Trigger[Normal <[+ Jlup -] 0% | 0% —|Sample|44.1kHz
oMM & A2 B3| A Llats %) e mfac -Jac -
" Oscilloscope

] A M= 0566564 W Min= 000000000 Y Mean= 037506067 ' RMS= OL4SEE631 v

=SoundMAX Digital Audio=

A; Pesk Frequency=0.011 Hz

5 0115
FFT Segments:1  Resolution: 0.0105143Hz
L2l 7-'] 2

| F [auto ~|[xz0  ~|a[as0aB ~|jof  ~|[amplitude Spectrum ~|B[0+ <|[o ] FFT{4194304 ~|WND [Rectangle <% =

0z3 0.245
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3.30 Hanning-Poisson Window (o = 2.0)

w(n) = [0.5-0.5cos(2nmt/N)Jet*P"™1D -~ n=01,... N-1;

a=2.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
N.A -12 1.86 2.64 0.87 0.30 2.02

“ Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP+VBM] - HannPo2.0_24Bit_1024Pt.wav - =SoundMAX Digital Audio>

File 3etting Instrument ‘window Help
E E & [Trigger[Normal  +|[x -fup - 0% [ 0%
e EMEE HEI AL NG r »

" Oscilloscope

Sample[44.1kHz  ~|[o  ~|[24Bit -|Point[1024 ~|I” Pl Record | Auto

ac ~llac = Zl|z1v ~|Probef1 ~|[I -

A Wa= 033333064 W Min= 000000000 hMeen= 0.23002443 W RMS= 04235020 v

A; Peak Frequency=0.011 Hz

19y 0115
FFT Segmentsi1  Resolution: 0.0105143Hz
()

| F [auto v| -|a[150dB  ~|[off  ~|[amplitude Spectrum ~|B[0i [0 -] FFT/4184304 ~]WND [Rectangle ~|[n2s

]
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3.31 Cauchy Window (a = 3.0)

w(n) =[1+a@n/N-1)* n=01,...N-1;

a=3.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-31 -6 1.34 191 1.67 0.42 1.49

" Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP+VBM]

Fil= Setting Instrument ‘wWindow Help

Cauchy3.0 24Bit 1024Pt.wav =SoundMAX Digital Audio=

& M & [Trigger[Normal  -|[+ [jup ~|[ 0% [ 0% —|Sample[44.1kHz
® S Ml & A8z A lain W r mfac lac - EED

" Oscilloscope
AT A Mare (LSE9E50TE V Min= DOSEEEEE0 Y Mean= 041634537 v RME= DLS0B10EEE

ijhe1 j1 - 8

A; Pesk Frequency=0.011 Hz

5 0115 0.4 0.575 063 I .
FFT Segments:t  Resolution: 0.010543Hz HORMALIZED AMPLITUDE SPECTRUM kHz
2| >

| F [auto ~|[xz0  ~|a[as0aB ~|jof  ~|[amplitude Spectrum ~|B[0+ <|[o ] FFT{4194304 ~|WND [Rectangle <% =
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3.32 Cauchy Window (a = 4.0)

w(n) =[1+a@n/N-1)* n=01,...N-1;

a=4.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-36 -6 1.52 2.21 1.33 0.33 1.78

- Multi-Instrument Pro 3.1

- [+3DP+DLG-LCR+LIDP+VBM]

Cauchy4.0 24Bit_1024Pt.wav =SoundMAX Digital Audio=

Fil= Setting Instrument ‘wWindow Help

& | & |Trigger [Normal  ~|[+ ~|jup -] 0% =] 0% —|samplefaa.ikHz.  ~|[a  ~[[24Bit ~|Point[1024 ~|I” Holl Record| Auto
o m MM @ A8 8oz A& s s ) e nfac Jfac v v ~|Probe1 -|[i - | am s

" Oscilloscope

A We= 0LSR329GTE W Min= 00522247 W Mean= 0.253145424 W RME= 044974522

5 0115 0.4 0.575 063
FFT Segments:1  Resolution: 0.0105143Hz NORMALIZED AMPLITUDE SPECTRUM
o) 2
-

| F [auto - | -|a[as008 ~|[off  ~|[amplitude Spectrum  ~|B[07 <|[o ] FFT{4194304 ~|WND [Rectangle ~|[0%
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3.33 Cauchy Window (o = 5.0)

w(n) =[1+a@n/N-1°% n=01,.. N-1;
a=5.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-39 -6 1.69 2.54 1.11 0.27 2.07

- Multi-Instrument Pro 3.1

- [+3DP+DLG-LCR+LIDP+VBM]

Cauchy5.0 24Bit 1024Pt.wav

~|[a ~][2aBit ~|Point[1024 ~|I™ 1ol Record| Auto
~[=v ~|Probe[1 -1 ,I

=SoundMAX Digital Audio=

Fil= Setting Instrument ‘wWindow Help
& M & [Trigger[Normal  -|[+ [jup ~|[ 0% [ 0% —|Sample[44.1kHz
o @M@ A8 8oz A s nfac Jfac v

" Oscilloscope

A Wee= 0LSR329GTE W Min= 00EME145 Y Mean= 027452000 W RME= 033560000

5 0115
FFT Segments:1  Resolution: 0.0105143Hz

045 0575 =)
HORMALIZED AMPLITUDE SPECTRURM
1) 3

| F [auto ~|[xz0  ~|a[as0aB ~|jof  ~|[amplitude Spectrum ~|B[0+ <|[o ] FFT{4194304 ~|WND [Rectangle <% =
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3.34 Bartlett-Hann Window

w(n) = 0.62-0.48|n/N-0.5|-0.38cos(2nn/N), n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-36 -12 1.40 1.94 1.52 0.50 1.46

. Multi-Instrument Pro 3.1 - [+3DP+DLG:LCR:UDP-VBM] - BartlettHan_24Bit_1024Pt.wav - =SoundMAX Digital Audio=>

File Setting Instrument ‘window Help

& E & |Trigger[Normal  ~|[= -|lup -] 0% [ 0% —|sample[an.ikHz  ~|[a  ~|[2aBit ~|Point[1024 ~|I” Roll Record | Auto

o BMEE A=A Ll %> wfac Jac - ] ~|Probe[1 ~|[i ]

" Oscilloscope
A M= 0339395960 W Min= 000000000 Mean= 0493593581 W RMS= O AEIE2S2SE W

05 o115
FFT Segments:1  Resolution: 0.0105143Hz
&) 3)

J F |Auto A |x2l] 'lﬁ:\l—15I]dB vlOﬂ vl;ﬂ\mplitude Spectrum 'IB|0ﬂ v"0ﬂ h ‘FF: 4194304 vIWND Rectangle < |l]% i
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3.35 Kaiser-Bessel Window (o =0.5)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:
bessiO is the zero-order modified Bessel function of the first kind.
bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
a=05
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-17 -6 0.95 1.31 3.32 0.85 1.02

“ Multi-Instrument Pro 3.1 - [+3DP+DLG-LCR+UDP-VBM] - KaiserB0.5_ 24Bit_1024Pt.way - =SoundMAX Digital Audio>

File Zetting Instrument window Help
= © & |Trigger[Normal  -[+ [jup -] 0% = 0%
o MBS AT 2| A La s %> n[aic <A -

" Oscilloscope

Sample[44.1kHz

~|[a ~][zaBit ~|Point[i024 -|I™ ol Record| Auto
~[Prabe1 <1 <] ——————em—

A W 099399076 Min= 052121887 W Mean= 085229172 W RMS= 085124353

0
035008000 WAVEF ORM s

A Peak Frequency=0.011 Hz

=150
o 0415
FFT Segments:1 Resolution: 0.0105143Hz
<0/ (m)|

2 &
J F |Auto A |x2l] 'lﬁ:\l—15I]dB vlOﬂ vlaﬂqmplitude Spectrum 'IB|0ﬂ v"0ﬂ i ‘FF: 4194304 vIWh:JD Rectangle < |l]% i

0205 052 1023 1.15

0zz 0.245 045 0.575 0E3
HORMALIZED AMPLITUDE SPECTRLUM kHz
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3.36 Kaiser-Bessel Window (a. = 1.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:
bessiO is the zero-order modified Bessel function of the first kind.
bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
a=10
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-25 -6 1.11 1.53 2.43 0.67 1.15

. Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR+UDP-¥BM] - KaiserB1_24Bit_1024Pt.wav - =SoundMAX Digital Audio>

File Zetting Instrument window Help
= © & |Trigger[Normal  -[+ [jup -] 0% = 0%
o MBS AT 2| A La s %> n[aic <A -

" Oscilloscope

Sample[44.1kHz

~|[a ~][zaBit ~|Point[i024 -|I™ ol Record| Auto
~[Prabe|1 <1 <] ———————em—

A W 099399076 W Min= 0182553241 W Mean= DETIDEDGE W RMS= 072014177

0
03032000 WAVEF ORM s

A Peak Frequency=0.011 Hz

=150
o 0415
FFT Segments:1 Resolution: 0.0105143Hz
1| (m)|

2 &
J F |Auto A |x2l] 'lﬁ:\l—15I]dB vlOﬂ vlaﬂqmplitude Spectrum 'IB|0ﬂ v"0ﬂ i ‘FF: 4194304 vIWh:JD Rectangle < |l]% i

0205 052 1023 1.15

0zz 0.245 045 0.575 0E3
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3.37 Kaiser-Bessel Window (o = 2.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:

bessiO is the zero-order modified Bessel function of the first kind.
bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;

a=20
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-46 -6 1.43 1.99 1.45 0.49 1.50

“ Multi-Instrument Pro 3.1 - [+3DP+DLG-LCR+UDP-VBM] - KaiserB2_24Bit_1024Pt.wav - =SoundMAX Digital Audio=>

File Setting Instrument window Help

& [ & |Trigger [auto ~lla “lup <l e ] 0% —{sample[aaikHz ~|la  ~|[zaBit ~|Paint[1024 ~|I” Foll Record| Auto|
o BME@ A=A Lle NG wfac Jac - -] ~|probe[1 ~|[i -]

" Oscilloscope

A M= 093939576 W Min= 001147335 Mean= 048319557 W RMS= 053840613 W

A; Pesk Frequency=0.011 Hz

= 0115 [i% ; o. 3 I
FFT Segments:1  Resolution: 0.0105143Hz kHz
< | >

J F |Auto A |x2l] 'Iﬁ_\l—15I]dB 'IOﬂ vIaﬁ.mplitude Spectrum 'I|_3|0ﬂ v"0ﬂ i ‘FF_ 4194304 vIWND Rectangle < |l]% i

www.virtins.com D1003 44 Copyright © 2019 Virtins Technology



Virtins Technology

Evaluation of Various Window Functions using Multi-Instrument

3.38 Kaiser-Bessel Window (o = 3.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:

bessiO is the zero-order modified Bessel function of the first kind.
bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;

a=3.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-70 -6 1.70 2.39 1.02 0.40 1.80
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3.39 Kaiser-Bessel Window (a. = 4.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:
bessiO is the zero-order modified Bessel function of the first kind.
bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
a=4.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-94 -6 1.94 2.73 0.79 0.35 2.05

“ Multi-Instrument Pro 3.1 - [+3DP+DLG-LCR+UDP+VBM] - KaiserB4_24Bit_1024Pt.wav - =SoundMAX Digital Audio=
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3.40 Kaiser-Bessel Window (o =5.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where: bessiO is the zero-order modified Bessel function of the first kind.
besselO(x) = = [(x/2)%/ k!]?, where k= 0 ~ .
n=0,1,...,N-1;

a=5.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-120 -6 2.16 3.03 0.64 0.31 2.28
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3.41 Kaiser-Bessel Window (o = 6.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:
bessiO is the zero-order modified Bessel function of the first kind.
bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
a=6.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-145 -6 2.35 3.31 0.54 0.29 2.49
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3.42 Kaiser-Bessel Window (o =7.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:

bessiO is the zero-order modified Bessel function of the first kind.

bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
a=7.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-171 -6 2.53 3.56 0.47 0.27 2.68
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3.43 Kaiser-Bessel Window (o = 8.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:
bessiO is the zero-order modified Bessel function of the first kind.
bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
a=8.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-198 -6 2.70 3.80 0.41 0.25 2.86
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3.44 Kaiser-Bessel Window (o =9.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:

bessiO is the zero-order modified Bessel function of the first kind.

bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
a=9.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-224 -6 2.86 4.03 0.37 0.23 3.03
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3.45 Kaiser-Bessel Window (o = 10.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:

bessiO is the zero-order modified Bessel function of the first kind.

bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
o =10.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-250 -6 3.01 4.24 0.33 0.22 3.19
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3.46 Kaiser-Bessel Window (o = 11.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:

bessiO is the zero-order modified Bessel function of the first kind.

bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
a=11.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-276 -6 3.15 4.44 0.30 0.21 3.35
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3.47 Kaiser-Bessel Window (o = 12.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:
bessiO is the zero-order modified Bessel function of the first kind.
bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
a=12.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
-306 -6 3.29 4.64 0.28 0.20 3.49
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E Multi-Instrument Pro 3.9 -
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3.48 Kaiser-Bessel Window (o = 13.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:
bessiO is the zero-order modified Bessel function of the first kind.
bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
o =13.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
<-325 -6 3.42 4.82 0.26 0.20 3.63
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< >
| Flame  ~|[x20  ~|a[35008 ~|[orft ~|m[amplitude Spectrum ~|B[ot ~|lofi  -|FFT4D96  ~|WND [Kaiser 13 ~|los -
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3.49 Kaiser-Bessel Window (a = 14.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:
bessiO is the zero-order modified Bessel function of the first kind.
bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
a=14.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
<-325 -6 3.54 5.0 0.24 0.19 3.77

' Multi-Instrument Pro 3.1

- [#3DP+DLG+LCR+UDP +YBM]

File Setting Instrument window Help

~la =os < e =] 0 —{sample|aa.1kHz

KaiserB14_24Bit_1024Pt.wav

~|[a ~][zaBit ~|Point[1024 ~| ™ ol Record| Auto|

jProhe1 j1 i

=SoundMAX Digital Audio>

m
WAVEF ORM me
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E Multi-Instrument Pro 3.9 -

[+3DP+DLG+LCR+UDP+VBM+DHS] - Rectangle_24Bit_1024Pt.wav
File

- <Stereo Mix (Realtek(R) Audio)>

- o X
Setting  Instrument  Window Help
& W Trigger[aute ~|[a [fup -] 0% [ 0% [ -[sampie[aaikHz  ~|[a ~|[zaBit ~|Point[i024 -|™ Roll Record| Auto
o NMEE AW A LS g > elac -ac [fav oy |Probe[1 ||y -|F——EamERaEE
B Oscilloscope EI@
A (V) A: Max= 999.9998 mV Min= 999.9998 mV Mean= 999.99976 mV RMS= 999.99976 mV

12 16

20
WAVEFORM

A{dBr)

40
ms
T
M Spectrum Analyzer

o 0115 023 0,';45 048 0575 069 0.805 0,:32 1,('!35 115
FFT Segments:<1  Resolution: 10.7666Hz NORMALIZED AMPLITUDE SPECTRUM kHz
< >
| Flate ~|[x20 ~[a[-350dB ~|[of ~|M[Amplitude Spectrum - |Boit ot -|FF1{4096 - |WND [Kaiser 14 ~|fo%s -
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3.50 Kaiser-Bessel Window (o = 15.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:
bessiO is the zero-order modified Bessel function of the first kind.
bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
o =15.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
<-325 -6 3.66 5.17 0.22 0.18 3.90

KaiserB15_24Bit_1024Pt.wav

Sample[1a.1kHz  ~|[a  ~[[2aBit ~|Point|1024 ~|I~ Foll Record | Auto
v ~[Probe[1 |1 -] e———csm—

=SoundMAX Digital Audio>

- Multi-Instrument Pro 3.1

- [+3DP+DLG+LCR+LIDP +VBM]
File 3etting Instrument window Help

== §|Tr' ErlAulo le lep jl 0% ﬂl 0% —
o EME @ A% M=z A& LAl e wfac -JJac -

" Oscilloscope

A M= 093939576 W Min= 000000000 Mean= 018208520 W RMS= 035354589

puil
WAVEF ORM ms
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E Multi-Instrument Pro 3.9 -

[+3DP+DLG+LCR+UDP+VBM+DHS] - Rectangle_24Bit_1024Ptwav - <5Stereo Mix (Realtek(R) Audic)>
File Setting Instrument Window Help

& W Trigger[aute ~|[a [fup -] 0% [ 0% [ -[sampie[aaikHz  ~|[a ~|[zaBit ~|Point[i024 -|™ Roll Record| Auto
oM @A By | ALl %) e mfac -ac -[av ~|[sv |Probe[1 w|[1 - |———————

B Oscilloscope
AV

- O s

== =]
999.99976 mV RMS= '999.99976 mV

] 12 16 20 24 28 3z 36 40
1+05:41:35:000 WAVEFORM ms
G
[ Spectrum Analyzer == s
A{dBr) A: PeakFrequency= 108 Hz

o 0115 023 0.345 048 0575 069 Dj;ﬂﬁ 0,:32 1,('!35 115
FFT Segments:<1  Resolution: 10.7666Hz NORMALIZED AMPLITUDE SPECTRUM z
< >
| Flate ~|[x20 ~[a[-350dB ~|[of ~|M[Amplitude Spectrum - |Boit ot -|FF1{4096 - |WND [Kaiser 15 ~|fo%s -
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3.51 Kaiser-Bessel Window (o = 16.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:
bessiO is the zero-order modified Bessel function of the first kind.
bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
o =16.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
<-325 -6 3.79 5.34 0.21 0.18 4.03

KaiserB16_24Bit_1024Pt.wav

Sample[1a.1kHz  ~|[a  ~[[2aBit ~|Point|1024 ~|I~ Foll Record | Auto
v ~[Probe[1 |1 -] e———csm—

=SoundMAX Digital Audio>

' Multi-Instrument Pro 3.1

- [+3DP+DLG+LCR+LIDP +VBM]
File 3etting Instrument window Help

== §|Tr' ErlAulo le lep jl 0% ﬂl 0% —
o EME @ A% M=z A& LAl e wfac -JJac -

" Oscilloscope

A M= 093939576 W Min= 000000000 Mean= 0 17E3E90AE W RMS= 03537780 W

puil
WAVEF ORM ms
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E Multi-Instrument Pro 3.9 -

[+3DP+DLG+LCR+UDP+VBM+DHS] - Rectangle_24Bit_1024Ptwav - <5Stereo Mix (Realtek(R) Audic)>
File Setting Instrument Window Help

& W Trigger[aute ~|[a [fup -] 0% [ 0% [ -[sampie[aaikHz  ~|[a ~|[zaBit ~|Point[i024 -|™ Roll Record| Auto
oM @A By | ALl %) e mfac -ac -[av ~|[sv |Probe[1 w|[1 - |———————

B Oscilloscope
AV

- O s

== =]
999.99976 mV RMS= '999.99976 mV

] 12 16 20 24 28 3z 36 40
1+05:41:35:000 WAVEFORM ms
G
[ Spectrum Analyzer == s
A{dBr) A: PeakFrequency= 108 Hz

o 0115 023 0.345 048 0575 069 Dj;ﬂﬁ 0,:32 1,('!35 115
FFT Segments:<1  Resolution: 10.7666Hz NORMALIZED AMPLITUDE SPECTRUM z
< >
| Flate ~|[x20 ~[a[-350dB ~|[of ~|M[Amplitude Spectrum - |Boit ot -|FF1{4096 - |WND [Kaiser 16 ~|fo%s -
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3.52 Kaiser-Bessel Window (o= 17.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where bessiO is the zero-order modified Bessel function of the first kind.
besselO(x) = = [(x/2)%/ k!]?, where k= 0 ~ .

n=0,1,...,N-1;
a=17.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
<-325 -6 3.90 5.50 0.20 0.17 4.15

o Multi-Instrument Pro 3.1

- [#3DP+DLG+LCR+LIDP +VBM]

KaiserB17_24Bit_1024Pt.wav =SoundMAX Digital Audio>

File Setting Instrument ‘Window Help

& E@ & |Trigger[Normal -+ -|lup -] 0% =] 0% —|sample[4d.ikHz  ~|[s  ~|[2aBit ~|Point[1024 ~|I” ol Record | Auto
o =M & 2B A e te %) e wac -ac v =1 ~|Probe1 -|[i - | E

" Oscilloscope
AT A Mare (LFS9EE0TE V Min= DODDOOOED Y Mean= 017108375 ¥ RME= 034544391 v
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WAVEF ORM s
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E Multi-Instrument Pro 3.9 -

[+3DP+DLG+LCR+UDP+VBM+DHS] - Rectangle_24Bit_1024Ptwav - <5Stereo Mix (Realtek(R) Audic)>
File Setting Instrument Window Help

& W Trigger[aute ~|[a [fup -] 0% [ 0% [ -[sampie[aaikHz  ~|[a ~|[zaBit ~|Point[i024 -|™ Roll Record| Auto
oM @A By | ALl %) e mfac -ac -[av ~|[sv |Probe[1 w|[1 - |———————

B Oscilloscope
AV

- O s

== =]
999.99976 mV RMS= '999.99976 mV

] 12 16 20 24 28 3z 36 40
1+05:41:35:000 WAVEFORM ms
G
[ Spectrum Analyzer == s
A{dBr) A: PeakFrequency= 108 Hz

o 0115 023 0.345 048 0575 069 Dj;ﬂﬁ 0,:32 1,('!35 115
FFT Segments:<1  Resolution: 10.7666Hz NORMALIZED AMPLITUDE SPECTRUM z
< >
| Flate ~|[x20 ~[a[-350dB ~|[of ~|M[Amplitude Spectrum - |Boit ot -|FF1{4096 - |WND [Kaiser 17 ~|fo%s -
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3.53 Kaiser-Bessel Window (o = 18.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:

bessiO is the zero-order modified Bessel function of the first kind.

bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
o =18.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
<-325 -6 4.01 5.66 0.19 0.17 4.27

' Multi-Instrument Pro 3.1

- [#3DP+DLG+LCR+UDP +¥YBM]

File Setting Instrument ‘window Help

e up ~ 0% [ 0%

KaiserB18_24Bit_1024Pt.wav

=SoundMAX Digital Audio>

Sample[44.1kHz

~|[a ~][zaBit ~|Point[1024 ~|I™ ol Record| Auto

jProhe1 j1 A

A M= 033339576 W Min= 000000000 Mean= 0 1BE23526 W RMS= 034345350 W

20
WAVEF ORM me
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E Multi-Instrument Pro 3.9 -

File

[+3DP+DLG+LCR+UDP+VBM+DHS] - Rectangle_24Bit_1024Pt.wav

- <Stereo Mix (Realtek(R) Audio)>

- o X
Setting  Instrument  Window Help
& W Trigger[aute ~|[a [fup -] 0% [ 0% [ -[sampie[aaikHz  ~|[a ~|[zaBit ~|Point[i024 -|™ Roll Record| Auto
o NMEE AW A LS g > elac -ac [fav oy |Probe[1 ||y -|F——EamERaEE
B Oscilloscope EI@
A (V) A: Max= 999.9998 mV Min= 999.9998 mV Mean= 999.99976 mV RMS= 999.99976 mV

12 16

A{dBr)

20
WAVEFORM

o 0115 023 0,';115 048 0575 069 0.805 0,:32 1,['!35 115
FFT Segments:<1  Resolution: 10.7666Hz NORMALIZED AMPLITUDE SPECTRUM kHz
< >
| Flate ~|[x20 ~[a[-350dB ~|[of ~|M[Amplitude Spectrum - |Boit ot -|FF1{4096  -|WND [Kaiser 18 ~|fo%s -
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3.54 Kaiser-Bessel Window (o = 19.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:

bessiO is the zero-order modified Bessel function of the first kind.

bessel0(x) = = [(x/2)*/ k!]?, where k=0 ~ c.

n=0,1,...,N-1;
o =19.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
<-325 -6 4.12 5.81 0.18 0.16 4.38

' Multi-Instrument Pro 3.1

- [#3DP+DLG+LCR+UDP +¥BM]

File Setting Instrument ‘window Help

e up ~ 0% [ 0%

KaiserB19_24Bit_1024Pt.wav

=SoundMAX Digital Audio>

Sample[44.1kHz

~|[a ~][zaBit ~|Point[1024 ~|I™ ol Record| Auto

jProhe1 j1 A
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E Multi-Instrument Pro 3.9 -

[+3DP+DLG+LCR+UDP+VBM+DHS] - Rectangle_24Bit_1024Ptwav - <Stereo Mix (Realtek(R) Audic)= - O x
Instrument  Window Help

S [ Trigger[avo -[a fjup ][ 0% [ 0% [l -[sampleaaikz  ~[[a  -[[24Bit _-|Point[1022 - Roll Record| Auto
oMM S ZE %Al » nfac Jac Jav ~[=1v Probe[1 -|[1 -|—aT——

Il R
!O:cwl\ozcope E@

File Setting

AV A Max= 999.9998 mV Min=

999.9938 mV Mean= 999.99976 mV RMS=

o 12 16 20 24 28 32 36 40
(+05:41:35:000 WAVEFORM ms
M Spectrum Analyzer

A{dBr) A: Peak Frequency= 108 Hz

o 0.115 0.23 0.345 0.46 0.575 0.69 0.805 092 1.035 1.15
FFT Segments:<1  Resolution: 10.7666Hz NORMALIZED AMPLITUDE SPECTRUM kHz
< >
| Flame  ~|[x20  ~|a[35008 ~|[orft ~|m[amplitude Spectrum ~|B[ot ~|lofi  -|FFT4D96  ~|WND [Kaiser 19 ~|los -
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3.55 Kaiser-Bessel Window (o = 20.0)

w(n) = bessiO[ar(1 - (2n/N - 1)%)°° J/bessiO[an]

where:
bessiO is the zero-order modified Bessel function of the first kind.
besselO(x) = = [(x/2)%/ k!]?, where k= 0 ~ .

n=0,1,...,N-1;
o =20.0
Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth
(bins)
<-325 -6 4.23 5.96 0.17 0.16 4.49

. Multi-Instrument Pro 3.1 - [+3DP+DLG+LCR:UDP+VBM] - KaiserB20_24Bit_1024Pt.wav - <SoundMAX Digital Audio=

Fil= Setting Instrument ‘wWindow Help
~|[a ~][2aBit ~|Point[1024 ~|I™ 1ol Record| Auto

& M & [Trigger[Normal  -|[+ [jup ~|[ 0% [ 0% —|Sample[44.1kHz
oD MEE T Wz b ainhd) > m[ac Jac - v Probe|1 <[ -]

" Oscilloscope
AT A Mare (LFS9EE0TE V Min= DODDOOOED Y Mean= 015779702 ¥ RME= OL33450978

0
M3 FF000 WAVEF ORM s
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E Multi-Instrument Pro 3.9 -

File

[+3DP+DLG+LCR+UDP+VBM+DHS] - Rectangle_24Bit_1024Pt.wav

- <Stereo Mix (Realtek(R) Audio)>

- o X
Setting  Instrument  Window Help
& W Trigger[aute ~|[a [fup -] 0% [ 0% [ -[sampie[aaikHz  ~|[a ~|[zaBit ~|Point[i024 -|™ Roll Record| Auto
o NMEE AW A LS g > elac -ac [fav oy |Probe[1 ||y -|F——EamERaEE
B Oscilloscope EI@
A (V) A: Max= 999.9998 mV Min= 999.9998 mV Mean= 999.99976 mV RMS= 999.99976 mV

12 16

A{dBr)

20
WAVEFORM

o 0115 023 0,';115 048 0575 069 Dj;ﬂﬁ 0,:32 1,['!35 115
FFT Segments:<1  Resolution: 10.7666Hz NORMALIZED AMPLITUDE SPECTRUM z
< >
| Flate ~|[x20 ~[a[-350dB ~|[of ~|M[Amplitude Spectrum - |Boit ot -|FF1{4096 - |WND [Kaiser 20 ~|fo%s -
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3.56 Blackman-Harris (7 terms) Window

w(n) = 0.27105140069342 - 0.43329793923448 x cos(2nm/N)
+0.21812299954311 x cos(4nn/N)
- 0.06592544638803 x cos(6nm/N)
+0.01081174209837 x cos(8nmn/N)
- 0.00077658482522 x cos(10nn/N)
+0.00001388721735 x cos(12n7/N)

n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-180 <-6 2.48 3.50 0.48 0.27 2.63

EMu\tl—InstrumentPro 39 - [+3DP+DLG+LCR+UDP+VEM+DHS] - BlackmanHarris7_24Bit_1024Ptiwav - <Stereo Mix (Realtek(R) Audio)= - O X
Eile Setting [Instrument Window Help

& > Trigger[aute ~|[a ~JJup ][ 0% [ 0% —|[ni. [sampie[aaikiz  ~|[a <|[zaBit_+|Point[i024 = Record | Autn |
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Oscilloscope EI@
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0.4
0.6
-0.8
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File Setting  Instrument

E Multi-Instrument Pro 3.9 -

[+3DP+DLG+LCR+UDP+VBM+DHS] - Rectangle_24Bit_1024Pt.wav

Window Help

- <Stereo Mix (Realtek(R) Audio)>

O s

= [ Trigger |Auto
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][y

ijhel] j|1

~ | Roll Recordl Auto
e
- | A —

B Oscilloscope

=EIE]

AV

999.9998 mV Min= 999.9998 mV Mean=

999.99976 mV RMS=

999.99976 mV

1
X3
06-----
0.4
0.z

o
0.2
04
-0.6

M Spectrum Analyzer

16 20
WAVEFORM

A{dBr)

A: Peak Frequency=

10.5 mHz

) o 0115 023 0,';115 048 0575 069 115
FFT Segments:<1 Resolution: 0.0105143Hz NORMALIZED AMPLITUDE SPECTRUM z
< >
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3.57 Cosine Sum 220 Window

w(n) = 0.2318028013590306028393 - 0.3932575471789488615081 x cos(2nm/N)
+0.2385434764970747429454 x cos(4nn/N)
- 0.1014370437785239811268 x cos(6nm/N)
+0.02911516061918003918645 x cos(8nmn/N)
- 0.005280988177252078698806x cos(10nm/N)
+ 0.0005382909093381945363528x cos(12nm/N)
- 0.00002442086527507867730168x cos(14nm/N)
+ 0.0000002706153764205043532817x cos(16nm/N)

n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-220 -36 2.90 4.08 0.36 0.23 3.07
EMu\ti-InstrumentPrn 39 - [+3DP+DLG+LCR+UDP+VBM+DHS] - CosineSum?220_24Bit_1024Ptwav - <Sterec Mix (Realtek(R) Audio)> - O =
Eile Setting [nstrument Window Help
& ETrigger[ane ~J[a [fup ][ 0% [ 0% —[ni -|samplef1aikiz  -[la ~|[24Bit -|Paim[i024 Ei[= Record | Auto
® 0| [ & 5 E Ty PN lac ~|fac ~||s1v ||1v - |Probef1 ~|[1 —
Oscilloscope EI@
AV) A Max= 999.9998 mV Min= 0.0 pV Mean= 231.80269 mV RMS= 406.31558 mVv
1
LE:3
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o
0.2
0.4
06
0.8
-10 4 8 12 16 20 24 28 3z 36 40
+14:25:09:000 WAVEFORM ms
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E Multi-Instrument Pro 3.9 - [+3DP+DLG+LCR+UDP+VBM+DHS] - Rectangle_24Bit_1024Ptwav - =<Stereoc Mix (Realtek(R) Audio)> - O x
File Setting Instrument Window Help
& W Trigger[aute ~|[a [fup -] 0% [ 0% [ -[sampie[aaikHz  ~|[a ~|[zaBit ~|Point[i024 -|™ Roll Record| Auto
oM @A By | ALl %) e mfac -ac -[av ][y |Probe[1 w|[1 - |———————
BO:ciIIozcopa EI@
A (V) A: Max= 999.9998 mV Min= 999.9998 mV Mean= 999.99976 mV RMS= 999.99976 mV
" 4 x; 1I2 1‘6 20 24 25 32 36 a0
(+05:41:35:000 WAVEFORM ms
MSpedmmAnalyzer EIE
A{dBr) A: Peak Frequency= 10.5 mHz
o 0115 023 0,';45 046 0.575 069 0.805 0,:32 1,['!35 115
FFT Segments:<1 Resolution: 0.0105143Hz NORMALIZED AMPLITUDE SPECTRUM z
< >
| Flate ~|[x20 ~[a[-250d8 ~|lof ~|M[Amplitude Spectrum - |Boit ~|loti -|FFT[4194304 ~|WND [Cosine Sum 220  ~|[0% -
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3.58 Cosine Sum 233 Window

w(n) = 0.2374298741532465928226 - 0.3994704373801009358001 x cos(2nw/N)
+ 0.2362644608100282475133 x cos(4nm/N)
- 0.09620676838363516649024 x cos(6nm/N)
+0.02591512168016078991738 x cos(8nn/N)
- 0.004307708101213669512442 x cos(10nw/N)
+ 0.0003904113541372495568636x cos(12nm/N)
- 0.00001508613505022821880403 x cos(14nm/N)
+0.0000001320024271202038321705 x cos(16nm/N)

n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-233 -18 2.83 3.98 0.37 0.24 3.00
B® Multi-Instrument Pro 3.9 - [+3DP+DLG+LCR+UDP+VBM+DHS] - CosineSum233_24Bit_1024Ptwav - <Stereo Mix (Realtek(R) Audio)> - O *
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E Multi-Instrument Pro 3.9 - [+3DP+DLG+LCR+UDP+VBM+DHS] - Rectangle_24Bit_1024Ptwav - =<Stereoc Mix (Realtek(R) Audio)>

- O s
File Setting Instrument Window Help

& W Trigger[aute ~|[a [fup -] 0% [ 0% [ -[sampie[aaikHz  ~|[a ~|[zaBit ~|Point[i024

.
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®EME S ZE g Ansr nfac Jac -y v ~[Proe1 -|[1 -|e——
BO:ciIIozcopa EI@

Ay Az Max= 999.9998 mV Min= 999.9998 mV Mean=

999.99976 mV RMS= 999.99976 mV

o 4 8 12 16 20 24 28 32 36 40
(+05:41:35:000 WAVEFORM ms
M Spectrum Analyzer | g

A{dBr) A: Peak Frequency= 84.1 mHz

o 0115 023 0.345
FFT Segments:<1  Resolution: 0.0841141Hz

<
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3.59 Cosine Sum 246 Window

w(n) = 0.2310581202331358499435 - 0.3922514736021656858831 x cos(2nm/N)

+ 0.2385553629158978655597 x cos(4nn/N)

- 0.1021288669149117706979 x cos(6nm/N)
+0.02977294169292394185833 x cos(8nmn/N)

- 0.005586700597441296634013 x cos(10nmw/N)
+0.0006129851690844686016343 x cos(12nmw/N)

- 0.00003295793164220405682537 x cos(14nn/N)

+ 0.0000005899889578740096042846 x cos(16nn/N)

- 0.0000000009538390427238738941684 x cos(18nm/N)

n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-246 -15 2.90 4.10 0.35 0.23 3.08
E Multi-Instrument Pro 39 - [+3DP+DLG+LCR+UDP+VBM+DHS] - CosineSum246_24Bit_1024Ptwav - <Stereo Mix (Realtek(R) Audio)= — O x
File Setting Instrument Window Help
& W Trigger[aute ~|[a [fup -] 0% [ 0% [ -[sampie[aaikHz  ~|[a ~|[zaBit ~|Point[i024 [ Record| Auto
® M & R E Ty w03 [ac -Jlac ~J[a1v ~|[a1y ~|Probe[1 ~I[1 -] S
Oscilloscope EI@
A (V) A: Max= 999.9998 mV Min= 0.0 pV Mean= 231.05801 mV RMS= 405.52047 mV
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E Multi-Instrument Pro 3.9 -

[+3DP+DLG+LCR+UDP+VBM+DHS] - Rectangle_24Bit_1024Ptwav - <Stereo Mix (Realtek(R) Audic)= - O x
Instrument  Window Help
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File Setting
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+05:41:35:000 WAVEFORM ms
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3.60 Cosine Sum 261 Window

w(n) = 0.2249924617087535177329 - 0.3851495428292902693259 x cos(2nm/N)
+ 0.2403597686865028390968 x cos(4nn/N)

- 0.1077408077837851454781 x cos(6n/N)
+0.03373630665800276621290 x cos(8nmn/N)

- 0.007046059650969717333158 x cos(10nmw/N)

+ 0.0009096091349642873804482 x cos(12nmw/N)
- 0.00006357820763745181479203 x cos(14nn/N)

+0.000001853811776589548714026 x cos(16nm/N)
- 0.00000001152831741603563323368 x cos(18nn/N)

n=0,1,...,N-1;

Highest Side Lobe Fall -3dB Main -6dB Main Scallop Coherent Equivalent
Side Lobe Off Rate Lobe Width Lobe Width Loss (dB) Gain Noise
Level (dB) (dB/Octave) (bins) (bins) Bandwidth

(bins)
-261 -12 2.98 4.20 0.34 0.22 3.16
EMu\ti-InstrumentPro 39 - [+3DP+DLG+LCR+UDP+VEM+DHS] - CosineSum261_24Bit_1024Ptwav - <Sterec Mix (Realtek(R) Audio)> - O *
Eile Setting Instrument Window Help
E ETrigger[aue  ~[[a Jfup ][ 0% [ 0% [ -|samplef1a1kHz  -[la ~|[24Bit -|Paim[i024 [ Record| Auto
® | & 50 0Ty » 03 lac -Jlac ~[fs1v ~|[=v ~|Probe[1 ~1[1 -] —
Oscilloscope EI@
A (V) A: Max= 999.9998 mV Min= 0.0 pV Mean= 22499235 mV RM3= 400.09543 mV
1
08
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+05:32:06:000 WAVEFORM ms
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File Setting

E Multi-Instrument Pro 3.9 -

Instrument  Window Help

[+3DP+DLG+LCR+UDP+VBM+DHS] - Rectangle_24Bit_1024Ptwav - <Stereo Mix (Realtek(R) Audic)=

O
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FFT Segments:<1 Resolution: 1.34583Hz NORMALIZED AMPLITUDE SPECTRUM
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4. Summary of Parameters of Window Functions

Window Highest Side Lobe -3dB Main -6dB Main Scallop Coherent | Equivalent
Function Side Lobe Fall Off Lobe Width | Lobe Width | Loss (dB) Gain Noise
Level Rate (bins) (bins) Bandwidth
(dB) (dB/Octave) (bins)
Rectangle -13 -6 0.88 1.21 3.92 1 1
Triangle -27 -12 1.28 1.78 1.82 0.5 1.33
Hanning -32 -18 1.44 2.00 1.42 0.5 1.50
Hamming -43 -6 1.30 1.81 1.75 0.54 1.36
Blackman -58 -18 1.64 2.29 1.10 0.42 1.73
Exact -68 -6 1.60 2.25 1.15 0.43 1.69
Blackman
Blackman- -92 -6 1.90 2.66 0.83 0.36 2.00
Harris (4
terms)
Blackman- -98 -6 1.87 2.63 0.85 0.36 1.98
Nuttall
Flat top -94 -6 3.72 4.58 0.012 0.22 3.77
Exponential -10 -6 1.03 1.47 2.83 0.39 1.41
(=0.1)
Gaussian -43 -6 1.37 1.92 1.58 0.50 1.45
(a=2.5)
Gaussian -56 -6 1.60 2.26 1.16 0.42 1.71
(o =3.0)
Gaussian -71 -6 1.85 2.62 0.87 0.36 1.98
(. =3.5)
Welch -21 -12 1.15 1.59 2.22 0.67 1.20
(Riesz)
Cosine -23 -12 1.19 1.64 2.10 0.64 1.23
(a=1)
Cosine -39 -24 1.66 2.31 1.08 0.42 1.73
(0=3)
Cosine -47 -30 1.85 2.58 0.86 0.38 1.94
(0=4)
Cosine -54 -36 2.03 2.84 0.72 0.34 2.13
(0=5)
Riemann -26 -12 1.25 1.73 1.89 0.59 1.30
Parzen (De -53 -24 1.82 2.55 0.90 0.38 1.92
La Valle-
Poussin)
Tukey -14 -18 1.01 1.37 2.97 0.88 1.10
(Tapered
Cosine)
o =0.25
Tukey -15 -18 1.15 1.57 2.24 0.75 1.22
(Tapered
Cosine)
o = 0.50
Tukey -19 -18 1.30 1.79 1.73 0.63 1.36
(Tapered
Cosine)
a=0.75
Bohman -46 -24 1.70 2.37 1.02 0.41 1.79
Poisson -19 -6 1.21 1.70 2.03 0.43 1.31
(2=2)
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Window
Function

Highest
Side Lobe
Level
(dB)

Side Lobe
Fall Off
Rate
(dB/Octave)

-3dB Main
Lobe Width
(bins)

-6dB Main
Lobe Width
(bins)

Scallop
Loss (dB)

Coherent
Gain

Equivalent
Noise
Bandwidth
(bins)

Poisson
(=3)

-6

1.45

2.08

1.44

0.32

1.66

Poisson
(a=4)

-6

1.75

2.58

1.02

0.25

2.07

Hanning-
Poisson
(. =0.5)

-12

1.53

2.14

1.26

0.43

1.61

Hanning-
Poisson
(. =1.0)

-12

1.63

2.29

111

0.38

1.73

Hanning-
Poisson
(a=2.0)

N.A

-12

1.86

2.64

0.87

0.30

2.02

Cauchy
(0 =3.0)

1.34

191

1.67

0.42

1.49

Cauchy
(0 =4.0)

1.52

221

1.33

0.33

1.78

Cauchy
(. =5.0)

1.69

2.54

111

0.27

2.07

Bartlett-
Hann

1.40

1.94

1.52

0.50

1.46

Kaiser-
Bessel
(. =0.5)

0.95

131

3.32

0.85

1.02

Kaiser-
Bessel

(a=1.0)

1.11

1.53

2.43

0.67

1.15

Kaiser-
Bessel

(a=2.0)

1.43

1.99

1.45

0.49

1.50

Kaiser-
Bessel
(o =3.0)

1.70

2.39

1.02

0.40

1.80

Kaiser-
Bessel
(e =4.0)

1.94

2.73

0.79

0.35

2.05

Kaiser-
Bessel
(. =5.0)

-120

2.16

3.03

0.64

0.31

2.28

Kaiser-
Bessel
(. =6.0)

-145

2.35

3.31

0.54

0.29

2.49

Kaiser-
Bessel
(a=7.0)

-171

2.53

3.56

0.47

0.27

2.68

Kaiser-
Bessel
(. =8.0)

-198

2.70

3.80

0.41

0.25

2.86

Kaiser-
Bessel
(. =9.0)

-224

2.86

4.03

0.37

0.23

3.03

Kaiser-
Bessel
(o =10)

-250

3.01

4.24

0.33

0.22

3.19
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Window
Function

Highest
Side Lobe
Level
(dB)

Side Lobe
Fall Off
Rate
(dB/Octave)

-3dB Main
Lobe Width
(bins)

-6dB Main
Lobe Width
(bins)

Scallop
Loss (dB)

Coherent
Gain

Equivalent
Noise
Bandwidth
(bins)

Kaiser-
Bessel
(a0 =11)

-276

-6

3.15

4.44

0.30

0.21

3.35

Kaiser-
Bessel
(0 =12)

-306

-6

3.29

4.64

0.28

0.20

3.49

Kaiser-
Bessel

(0. =13)

<-325

3.42

4.82

0.26

0.20

3.63

Kaiser-
Bessel

(o =14)

<-325

3.54

5.0

0.24

0.19

3.77

Kaiser-
Bessel
(o =15)

<-325

3.66

517

0.22

0.18

3.90

Kaiser-
Bessel
(o =16)

<-325

3.79

5.34

0.21

0.18

4.03

Kaiser-
Bessel
(a=17)

<-325

3.90

5.50

0.20

0.17

4.15

Kaiser-
Bessel
(o =18)

<-325

4.01

5.66

0.19

0.17

4.27

Kaiser-
Bessel
(0. =19)

<-325

412

581

0.18

0.16

4.38

Kaiser-
Bessel
(o= 20)

<-325

4.23

5.96

0.17

0.16

4.49

Blackman-
Harris (7
terms)

-180

<-6

2.48

3.50

0.48

0.27

2.63

Cosine
Sum 220

-220

2.90

4.08

0.36

0.23

3.07

Cosine
Sum 233

-233

-18

2.83

3.98

0.37

0.24

3.00

Cosine
Sum 246

-246

-15

2.90

4.10

0.35

0.23

3.08

Cosine
Sum 261

-261

-12

2.98

4.20

0.34

0.22

3.16

The following steps can be used to compare the characteristics of different window functions
graphically (see figure below):

1. Use “File Open” to open the WAV file of Rectangle window.
2. Use “File Combine” to open the WAV file of another window.
3. Set the settings for the Spectrum Analyzer properly as mentioned before
4. Push both curves in the Oscilloscope and Spectrum Analyzer to reference
5. Use “File Combine” to import another two WAV files
6. Push both curves in the Oscilloscope and Spectrum Analyzer to reference
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7. Repeat 5.
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