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Chapter 1

Introduction

The goals for the application is to

e Measure Impulse-response

e Measure Phase-response

e Measure Frequency-response

e Measure Harmonic distortion (THD)

e Make bandwidth limited measurements with no phase-errors
e Compare measurements

e Import Frequency- & Impulse-response

e Export Frequency- & Impulse-response

e Using open format for saved files (zip, wav/flac, txt)

HOLMImpulse is freeware (Non-Commercial) and works with any PC soundcard with no
limitations.

1.0.1 HOLMImpulse and DSPreLab?

The main product for HOLM Acoustics is the digital preamplifier DSPre 1, which is con-
figured using the DSPrelab software. DSPreLab has the same measurement techniques
as HOLMImpulse, but with automatic integrated corrections for the DSPre 1 based upon
the measurements. The core software libraries for HOLMImpulse and DSPreLab are the
same - Hence no extra effort making the core of HOLMImpulse.

1.0.2 HOLMImpulse @ diyAudio.com

The people at the diyAudio.com forum have been very help full making this application
better - Thanks!

Discussing technicalities and mathematics - And reporting bugs:
http://www.diyaudio.com/forums/showthread.php?threadid=144984
Measurements in practice - Feedback & help:

http://www.diyaudio.com/forums/showthread.php?threadid=145662
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Chapter 2

Navigating the Response Graphs

The frequency and impulse response graphs are the cornerstone in HOLMImpulse. There
are several tips and tricks for changing the visualization of these graphs. This chapter will
also reveal some very nice features when dealing with these graphs.

2.1 Adjusting the heights of the areas

A standard windows graphical user-interface option is to adjust the heights of windows by
moving the middle bar:
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2.2 Coordinates for the cursor position

When moving the cursor around on the graph, the coordinates in the selected units are

shown
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In this example the coordinates are: (1004Hz; -9,6dB; 62 Deg; -5,9cm)
The first three values (1004Hz; -9,6dB; 62 Deg) are obvious, the -5,9cm is the phase delay
calculated as distance:
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Phase distance [m| = 344m/s x Phase delay [sec|] = —0,059m = —5, 9cm

2.3 Adjusting the Ranges

The possibility to adjust the ranges of a graph is essential when visualizing data.

2.3.1 Lower limit [dB] for the frequency response

The lower dB-limit can be adjusted easily by the two arrows in the lower left corner:
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2.3.2 ’Auto Zoom’ & Zoom Out’ for the Impulse Response

The ’Auto Zoom’ and the "Zoom Out’ button in the lower left corner will adjust the ranges
for the shown impulse response(s)
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2.3.3 Zoom in & out with the cursor

Navigating in graphs with respect to zooming in and out is easy using the pointing device:
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When you have zoomed in you can zoom in again, and right-clicking will the follow your

zoom history back.
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2.4 Impulse response with normalized dB-scale

The value for the impulse response can be shown on a dB-scale to eg. visualize reflections

on a dB-scale:
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Chapter 3

Exporting a Response

A response can be exported as a frequency response or as an impulse response.

Click ‘Export’ to export
measurement in slot

| Export settings wim@
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3.1 Text-file options
When exporting to a text-file you can adjust some self--explanatory preferences:

Export response to file X|

=

C:\Documents and Settingshask\Desktop\myexport.txt

Ffeq.lemy] Impuise || Text Options Browse
¥ Information header in file Close
Comment start chuadet[s]:l # =

— Column separator
¢ :(Semicolon) ¢ Space

" [Comma)  Tabular

— Decimal separator
¢ _[Dot) € ,(Comma)

e Information header in file is a comment section in the top of the text-file, where the
comment start character(s) can be configured

e The column separator is the character which is used to separate to columns

e The decimal separator is a . (Dot) or a , (Comma) such that eg.
m=3.1416... or m = 3,1416. ..

Note: The text-file options are remembered - also after a restart of the application

3.2 Exporting the Frequency Response

The frequency response is exported as an ASCII text file with the above text-file options.
The procedure for exporting is:

1. Find the measurement, which you want to export and click the "Export’ button
2. Select file-name (Browse) and verify settings in the Frequency tab

3. Click the "Export Frequency Response’ button

Exporting phase is optional and so is the phase unwrapping.

The discrete frequencies can be exported using following settings:

FFT-Frequencies will export all the discrete frequencies (current FFT-size)
Non-Equidistant will only export frequencies, when the response changes
Linear will export frequencies at a selected step

Logarithmic will export frequencies with a step increasing logarithmic

Note: The frequency export options are remembered - also after a restart of the application

HOLM Acoustics HOLMImpulse User Guide v0.0.8
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3.3 Exporting the Impulse Response

Exporting the impulse response can either be done as text-file or as a wave-file
(http://en.wikipedia.org/wiki/ WAV)

Export response to file X

=

C:\Documents and Settingshask\Desktop\myexport. txt

me Text Options | Browse |

Export impulse response | Close I

— File Format

' Wave file

" ASCII text-file
— Time window

From [sample] | -100003:

to [sample] 10000 =%
—Wave file options

Format: |32 bit float ']

V¥ Normalize to magnitude = 1

r— Tiext file options

I™ | Include sample numbers in textfile

The procedure for exporting is:

1. Find the measurement, which you want to export and click the ’Export’ button
2. Select file-name (Browse) and verify settings in the Impulse tab

3. Click the "Export impulse response’ button

Note: The frequency export options are remembered - also after a restart of the application

Time window

The time window lets you define the range of samples that should be exported

Wave file options

The format of the wave-file can be:

e 32 bit float

e 16 bit PCM (integer)
e 24 bit PCM (integer)
e 32 bit PCM (integer)

When exporting to wave-files it is convenient to normalize the impulse response, so that
the highest magnitude equals 1.

HOLM Acoustics HOLMImpulse User Guide v0.0.8
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Text file options

Exporting an impulse as a text-file can result in rather large files. The impulse sample
number is trivial when using this file in other programs - therefore is the sample numbers
in the text-file optional.

Note: The general settings in the "Text Options’ tab as described in Section 3.1 are used
when exporting the impulse response as ASCII text-file

HOLM Acoustics HOLMImpulse User Guide v0.0.8
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Chapter 4

Importing a response

A response can be import as a frequency response, impulse response or a recorded /manipulated
response to a known signal.

Click 'Import’ in a measurement slot which can be overwritten:

i
~ AlEmpy 6 1M Fieauency | impuise | Signalt Recording|

Measure Options | 6] [ Textie toimport
Tl |C:\Documents and Settingshask\Desktop\Myimport txt

ImportIBrowse

- IV Impott Phase —

Click ‘Import’ to export (* Degiees (" Radians
measurement in slot

— Rules for import

- Exspects data in columns:
Frequency <seperator> dB <seperator> phase <eol>

B - Ignores lines not starting with a number
[Import settings windmb - Accepts the following seperators: space, semicolon, tabular
o - Accepts , and/or . as decimal point

4.1 Importing a frequency response

A frequency response can be imported from a text-file with either two or three columns if
the phase is to be imported. The rules of import are:

e Expects data in columns: Frequency <separator> dB <separator> phase <eol>
e Ignores lines not starting with a number
e Accepts the following column-separators: space, semicolon, tabular

e Accepts , (Comma) and/or . (Dot) as decimal point

Note: The samplerate will be the current set under the 'Device & Signal’ tab

An example of a valid frequency response text-file:

HOLM Acoustics HOLMImpulse User Guide v0.0.8
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[ Frequency [HZ]J [ "dBFS Phase [Deg/Rad]}

( | Separator | I Separator ] ‘

5;-75. 3?43064828 71 5410367044

10;-63.3453006035;-218.984208506
15;-54.1221868115;-182.490741354
20;-55.5533530796;-274.297507136
25;-54.4430942931;-280.946256712
30;-41.0025729513;-200.01460421

35;-27.3502189022;-242.754632052
40;-21.3750948742;-280.789099637
45;-17.5248891392;-313.897768009
50;-14.0520398729;-349.813581581
55;-11.7908808458;-379.368820997

4.2 Importing a impulse response

4.3 Importing a Signal & Recording pair

HOLM Acoustics HOLMImpulse User Guide v0.0.8
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Chapter 5

Measurement Options

The measurement options allows you to change the representation of the measurement.
Changing the options for the measurements does not affect the measurement data - only

the representation.

Click the option button for
opening the options window
for the specific measurement
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5.1 Normalization

When comparing measurements the input gain often differs, therefore the normalization
allows you to offset measurements.
Below shows the same measurement with two different normalization offset.

The third curve shows an inverted measurement
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5.2 Time zero

The application uses a strategy to locate the measured impulse response.
The located time offset (Time zero) can be adjusted manually

Amplitude [dB] Frequency Response Phase [Degrees]
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0 " et P e s 140
5 1.4+ 120
e A — 100
/ N
15 Q:, - V— 60
2 %9 —-~"" ot ==
‘30 ! Y N a7 - A ——— P ;-;::_ gﬂ
' S
.35 l &, 20
40 ; Bows = 4— 40
45 T, = 60
; ), +— 80
-g e — b S— 100
50 Note that the phase is affected by the time-zero 1\‘ T :ig
< 2
65 = = - 160
70 : 3 > 180
200 250300 400 500 1k 15k 2k 25k 3k 4k 5k 10k 15k 20k
= Tweeter : )
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_— I T S
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Sample No. [ 44.1k/sec. |

24 26 28 30

The phase is depending on the time-zero - In the above example the to graphs represents
the exact same measurement, but with a different time-zero. It is good to remember that

1 sample = 180 Degrees @ Nyquist frequency,

(Nyquist frequency = samplerate/2)

In above example the one impulse is delayed 2 samples, which gives a phase shift of 360
Degrees at 22.5 kHz.
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5.2.1 Auto detect time-zero

As seen the time-zero is crucial when inspecting the phase. Different strategies can be
chosen. In below graph three different methods are shown - all five are:

e First positive peak

— Disregard the pre-ringings from DAC/ADC
— Assume correct polarity

Highest positive peak

— Disregard every information except the highest positive peak
— Assume correct polarity

First peak

— Disregard the pre-ringings from DAC/ADC

Largest peak

— Disregard every information except the largest peak (Safest method)

Causal impulse

— Don’t allow any pre-ringings
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5.3 Time-window

The time is used for gated measurements. Reflections/echoes can be neglected. The time-
window can be dynamically adjusted using the pointing device (The frequency response is
instantly updated)
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-l ! 7 ] ] ! T 1 I T Y b1
: ) : : : ) : : ) - 0
0 10 20 30 40 50 60 70 80 S0 100 MO 120 130 140 150 160 170 180
Distance [cm]

Gating frequency

When the wavelength becomes longer than the time window the frequency response is no
longer reliable (rule of thumb).

1 344m/s
Gating f Hz| = =
ating frequency [He] Time window [s] = Time window |[m)]

Auto detect

The "Auto Detect’ button will locate reflections from the main-impulse and set the time-
window just before these reflections.
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5.4 Frequency response - Amplitude Smoothing

This total response is the response including all reflections and echoes from the room
(Speaker & Room-response)

Ampltude [dB] Frequency Response Phase [Degrees]
;IJ s A ~\ H ; E i t !;q,\‘ :g
0 N NN R = S = e
5 . ” 4 s“ Vj g \‘ — 120
A Y AN 9 ¥/ ¥ 2 — 100
15 J-—ﬁ;:’ 3 T, - E =5 $
, i e p—
g Vi B ’l‘\ i “":::s W b ;g
0 L o i AN
35 b | 20
-40 S — -40
- — 60
pe B = 0
X — 100
55 iy \ 120
60 T £ ¥, E— 140
o LY =i LS P
" M i i r i p
70 Ei| | Measurement Options k|8
20 ) 50 70 100 200 300 ~ Identification Identification
— Time Window [Time Window B | [TotaiResponse =
= Total Response
Value Impul © Raw response " Raw response
4. & Impulse lime-window (gating) € Impulse time-window (gating]
1 oy [samples] | [~ [samples]
05 N N ¥ [Fromlocked From: B T= | F | From locked  From: ] A1801 3:
. = ‘\\ Aulto detect [ To: ] 935‘ | Auto detect | To ] 393:
A g . @ | ﬂmm%,
“ Frequency response sm g Fir i
LU S 1/N octave smoothing, N= ] 3,031 - | 1/N octave smoothing, N= | 30—
i j & Ampltude smoothing (Total resporise) | & Amplitude smoothing (T otal response)
i ¢~ Comples smoothing (FPPO) ¢ Complex smoothing (FPPO)
15 i Freguency dependent time-window B Frequency dependent time-window
: T T T T T T 3 ; u
1] 20 40 [=1] 80 100 120 140 160 180 200 220 240

Sample No. [ 44,1k/sec. )

The smoothing is optional and can be adjusted. In below graph the green curve is without
smoothing and the red and blue has different amount of smoothing

m.dn'npﬁ!ude [d8] Frequency Response
8 ,
3 ﬂ i | ]
4 L U T I i )
2 | : : nl |
U - - 1
P i \ | | 'l
7 | n ! I 1
£ i
L) n 1

8 1 1
-10
12
14
-16
18 ]
-20

20 30 50 70 100 200 300 500 700 1k 2 3k 5k 7k 10k 20k
= Total Response N=3
= Total Response N=6 Frequency [Hz]
= Total Response
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5.5 Frequency response - Frequency dependent time-window.

Making a complex logarithmic average in the frequency domain corresponds to a frequency

dependent time-window. The frequency dependent window is shown for each decade (10Hz,
100Hz, 1kHz, 10kHz)

Amplitude [dB)
20

15
10

Frequency Response

_NZ? 50 70 100 200 300 500 700 1k 2k
—N=3
—N=g

Frequency [Hz]

Impulse Response Time window ;

There are advantages and disadvantages compared to a constant (normal) time window

Value Impulse Response Time window ;
05 s s TR 2 ' : ¢ - 3
P L i s i i P
oA ] \ P " Raw response
..‘_,.1' : _': ‘ll "v,_»-.‘ r I I . i I B
03 i | [samples)
: ‘\‘ | Fromlocked From: I 11801 3:
02 § 't' Atojdetect | To: I_BSE
w® A P
o "._ y 1+ Frequency response smoothing ———
! 5 1/N octave smoothing, N= I 3,05
0 ﬂw‘: ot _f A A Aot | © Amplitude smoothing (Total response)
| 3 4 ¢ | Complex smoothing (FPPO)
01 = |‘ F
3 \x } | i H L. 0
£0 £0 40 20 0 20 40 60 80 00 120 140 160 180
Distance [cm]

HOLM Acoustics

HOLMImpulse User Guide v0.0.8



Measurement Options - Highpass and Lowpass

20 of 33

5.6 Highpass and Lowpass

Deploying highpass and /or lowpass to a measurement will reveal the impulse response in
the desired frequency range.

Lowpass a woofer measurement

In below measurement a woofer has been measured, but the impulse response is only
interpretable after the lowpass

10Aﬂ"DRUd8 [dB] Frequency Response
: PN ;
0 - s / \ n s
5 \\ Pt \ jﬁ "Hh_.!\ l l"l s
10 s ‘\'L \\ ? h \\ 1{1 1 ':!' .
15 P iy 344 i
.20 .. aien) ,___,_..,_.1 ﬁ-" b 3 ﬁ'jt‘
o e ATA TS I
i 1L ol T RREF i Ui Pl K
i i Ry \ 1 it i [
i P » ! i n W ~
fﬁ 13 i Tl % P
H i s <eaccte 1~ Identifcation
H T Tt "‘ Il
45 IRUN + F&“”“ ﬁ“‘"‘*"““‘“”“’ L] )
:g 1 v ifo | | Clea Messurement | PO
£0 3| 0
£5 $71 | Invertampltude | Offset (g8} | 123
v
70 1 —Tmm—u“ﬂml
20 30 50 70 100 200 300 500 700 1k 2k 3k
= ‘Wooler [lowpass) Frequency [Hz] _I
— Wooter (All pass) [Highest postive pe =] Ine: 1000 ||
Value Impulse Response & Timewindow B
0.06 ¥ Fromlocked From: | .214353:
0.04 Auto detect | To: | 7689 =]
- TotalR
0.02 f--m- | Waiable smoothing with 1/N octave lter
0 - - T Ensble smocthing N= ] 3.03: 5
0,02 |- _: \ . Stat [Hz]  Length [Hz]
; | LN
0.04 T W Lowpass: [ 150=] | 150
fl 200 600 800 1k 1.2k 14k 1Bk 18 2k 22k 24k 2Bk Znﬁﬂﬁﬂu—l
B ] Sample No. [ 44,1k/sec. )
vawe | Same impulse response, but Impuise Respones Time window
- different scale (Auto Zoom) N
0,006 1‘
0,004 ‘.t
0.002 1“
0 A = 405
. ' ’;\/ |
1
[}
.0,004 3
0,006 }
i 0
1.5k 1k 500 0 500 1k 1.5k p. 3 25k 3k 3.5k 4k 4.5k 5k 5.5k Bk 6.5k 7k

Sample No. [ 44,1k/sec. )
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Lowpass and Highpass (Bandpass) two measurements

If a eg. tweeter and a mid is measured, and we want to compare the time alignment of
these two measurements we can bandpass the measurements for directly comparison in the

time domain

Amplitude [dB) Frequency Response Phase [Degrees]
10 ’ . 180
5 ! 44 160
0 ~ — 140
5 LY o ﬂ 1 120
K e X, — 100
10 i~ 80
15 4 - 60
20 t = 40
25 Y & S
30 ), hS e, . = Mok, 033
’f ' 2 -
35 L3 -20
; Sen — 40
50 /4 W = «1‘%
s 4 X 120
60 // /P = = 140
65 7 ; 5 -160
-?o VAWM 3 b
P B | 50 70 100 200 300 500 700 1k * 3k 5k 7k 10k 20k
— Mid Frequency [Hz]
= Tweeler
Value Impulse Response Time window
1 | Measurement Options FT X
— Identification — Identification
08 [Mid W | [Teeete o}
06
0.4 Info | Clear Measurement | Info I Clear Measurement I
- —Normakzahon ~Nomalzation
0
0'2 i Invert ampltude | Offset[dB} [ 30.0=] || Invett ampitude | Offset (a8} [ 30.0=]
FEe" = —Ti
02 i.] oy Offset [samples] ||| Difset [samples]
04 A Auto detect | [ 53052000 =] Auto detect | [ 53052000 =]
20 20 40 80 20 100 IHigPestpos{ivspe:] Imcf 1,000 =4 IHMpostivepe:l Imx] 1,000
e e
[samples] [samples]
¥ Fromlocked From: | .214353; ¥ Fromlocked From: | -10003-'
Auodetect | To [ 3032 ||| Autodetect | Tor | 0=
) (" Total Response " Total Rest
When applying the same Variable smoothing with 1/N octave fiter Variable smoothing with 1/N octave fiter
frequency range the impulses - [ Engblesmosthing M= [30= ||| T Enstle smooting N= [30]
can be directly compared :
_ Stat[Hz] Length[Hz] Start[Hz]  Length[Hz]
| Highpass: [ 2000=] [2000= W Highpass: [ 2000 =] [ 2000
W Lowpass [ eo00=] [6000=] ||| Lowpass [ eboo=] [ eoo0=]
Close | Close |
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Chapter 6

Manipulation

The manipulation menu allows you to make certain operations on existing measurements
and make new simulated data.

v A |Bassdcm

Measure

Left (LogSweep) 4

V¥ B |Mid8cm
Measure
Left (LogSweep) 4

W C [High 100ci

Measure

Manipulation | Settings  Tools  Help

Frequency domain manipulation
Difference (C=A - B)
Sum(C=A+B)

Product (C = A ™ B)

Division (C= A [ B)

Inversion (B = 1/4)

Match (A ->B)

Stitching (C=A->E)

Mic. C = Calibration(a -> B)

Other manipulation
Copy Ato B

Copy time-window from A to B
Copy time-window from A to B,C

Generate Responses
QBox Simulation (Slot C)

Frequency Response

Phase

i 4 H

ECd N

100 200 300 500 1k
Frequency [Hz]

L J

3

Impulse Res

H T==%;

2 HH

Time v

6.1 Frequency domain arithmetic

There are three measurement slots: A, B and C, that makes it possible to make the most
common algebraic operations.

NB: Be aware that the measurement on the left-hand-side of the equation will be overwrit-

ten.

For simplicity - Assume that the samplerates for A, B are same.

First define some symbols:

k : Frequency number

Alk], B[k], C[k]

Thereafter the frequency domain manipulations are straight forward

Complex sequences representing the three slots A,B,C
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Difference (C = A - B)
Example: A and B are to drivers played where B has inverted polarity - then C is the
resulting response.

Clk] = A[k] — BJk], for all k
Sum (C = A + B)

Example: A and B are to drivers played - then C is the resulting response.
Clk] = Alk] + Blk], for all k

Product (C = A * B)
Example: A represents a driver and B represents a filter - then C is the result you will get
deploying the filter to the driver.

Clk] = Alk|B[k], for all k

Division (C = A / B)
Example: A represents a measurement and B represents a microphone response - then C
is the measurement after microphone calibration.

for all k&

Inversion (B =1/ A)
Example: A represents a measurement - then B is the filter you will need to deploy to the
speaker to get a flat response.

1 Alk]*

B[k] = mzm, for all k
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Appendix A

Mathematics

Below definitions and derivations can be found in many books. I have chosen to write
down my own derivations, because we have special cases when dealing with computational

Fourier transforms:

e The frequency- and time-domain are always discrete

e The frequency- and time-domain are always finite

e The Fourier-size (FFT-size) is always a power of two (even)

e The values in time-domain are allways real

A.1 Definitions and Fourier transforms

Symbol Definition
L= Lppr FFT length, L is a power of 2: L =2 M =1,2...
N = L/2 = Nppr Half FFT length
R Samplerate [Hz|
1 Complex constant: ¢’ =icosf +sinf and 2 = —1
. 1 ,n=0
d[n] Kronecker delta function, d[n] =
0 ,n#0
d[n,m] = d[n —m| Kronecker delta function, d[n, m| = L n=m
0 ,n#m

Complex conjugation z = a+ib, z*=a—1ib

arg(z) € [—m, 7|

Phase of the complex number z

Impulse responses are represented by real sequences (lowercase):

z[n]eR, n=-N,...,N—1

Frequency responses are represented by complex sequences (uppercase):

X[kleC, k=0,...,L—1
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The Fourier basis functions and properties:

elnk] = exp (zQZjnk)
elnk]* = e[—nk]
elln+ L)k] = e[nk]
(b N) = (-1)"
e[nk] + e[nk]* = 2cos (Tnk:)

Kronecker delta function represented by the basis functions:

e[nk]

The Fourier transforms:

n=—N

These properties can be used to see, that there is in fact only N frequencies with 2N = L
degrees of freedom

1 L—1
z[n] = T X|[kle[nk]*
k=0
= L0+ L ST (XMelnkl 1 X[ elnk]) + LX[N] (1)
L L& L
- %X[O] + % k; 1 k] cos (enk + 0[] ) + %X[N] (-)"  (A3)
where X [k] = |X[K]|€™,  0[k] = arg(X[k])
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A.2 Filtering in the frequency domain

Let Wk, j] be a general filtering function defined in the frequency domain such that the
filtered frequency sequence Xyy[k] is a result of the unfiltered X [k]

Xl = —— S Wk, )X

= Wik, j]X (3] (A4)

zoln] =+ Xwlkle[nk]*

m=—N

So that filtering in the frequency domain corresponds to another operation in the impulse
domain where:

wlnm] = T35 ST Wk jlebmlelnkl
k=0 — j=0
N N

Wlk,j] = Z Z wln, mle[mj]*e[nk]

A.2.1 Constant time-window

A constant time-window in the impulse domain corresponds to a translation invariant
frequency domain filter.
Assume that w[n, m| is a constant time-window:

wln,m] = w[n]d[n,m]

T[] = z[njwn], wln] € R

The filter in frequency domain becomes:

N N
Wikjl = Y > wn,mlelmj]*e[nk]
n=—N m=—N
N
= Y wlnle[n(k - j)]
n=—N
= Lx W[k —j]
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Utilizing the translation invariance gives:

1 L-1
Xl = £ > Wik jIX[]
=0
L-1
= Wik — j1XTj]
=0
The Fourier transforms becomes:
1 N
Wkl = 7 wlnle[nk]
n=—N
L—1
wn] = > W(kle[nk]*
k=0

N—-1
= WO +2 > W [K]] cos (%nkz + e[k]) FWIN] (D)™ (A5)
k=1

where W k] = |[W k]|l 0[k] = arg(W[k])

A.2.1.1 Example: Hann window

A running average (smoothing) in frequency domain:

Wik = %5[1@ + 35 e+ 1] + %5 e — 1]

or in table form:

1
wij] = =
0 =,
1
Wi-1]=WI[1] = -
4
In time domain using (A.5):
1 1 m
wln] = 5 + 5 c08 (Nn)

This is the well-known Hann time-window.

A.2.1.2 Example: Blackman window

A running average (smoothing) in frequency domain:

W k] = 0.426[k] + 0.256 [k + 1] + 0.255 [k — 1] + 0.045 [k + 2] + 0.045 [k — 2]

or in table form:

Wio] = 0.42
W[-1]=W[1] = 025
W[-2]=W[2] = 0.04
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In time domain using (A.5):
] = 0424 - (%) +0.08cos (25n)
wln] = 0. 5 cos | 7 08 cos {2z
This is the well-known Blackman time-window.

A.2.1.3 Example: Gaussian smoothing - time window

Now assume a Gaussian frequency smoothing;:

Wk L <_k 2)
= X
g\/ﬂ P 20’2
o = FWHM (width of the smoothing)

The Fourier transform of a Gaussian distribution is again a Gaussian distribution:

wln] = \/%exp<_”22”2)

1
— = FWHM (time-window-width)
o
So as a rule of thumb:
o = Smoothing width in frequency domain [Hz| (A.6)
0
1
— = Time-window-width in time domain [s]
o

Note: When using a Gaussian time-window one actually needs to apply an additional
window to avoid sidelopes in the frequency domain due to the non-zero values at w[—N]and
w[N — 1]. Further more one need to use the so called discrete gaussian kernel for correct

normalization.
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A.3 1/N Octave Smoothing

The 1/N octave smoothing originates from the analog world, with limited number of band-
width bins. But the concept can be applied to the digital world, where we have a huge
number of equidistant frequencies - typical 2 = 32768 or more.

A.3.1 The intervals

At a frequency f we want to apply smoothing in an interval from f~to f*. The Interval
must be Noq = 1/N octaves wide. This starting point gives the following constraints:

fm<f<ft or flgg < flog < fgg (The interval)

fm = % or flgg = flog — Alog (The interval start)
ffr=fxA or ffgg = flog + Alog (The interval end)
Jr
‘J]Z_ = gNoet  or flgg - flgg =log1((2) X Noa (Noet octaves)

In above the log-subscript denotes the logarithmic value of the number such that:
frog = logyo(f)

(
(
(
(

Jrog = 10810(f7)
ff.fg = logo(f7)

Alog = logyp(4)

Solving these equations for A gives:

A = V2Now = 2057 Noe (A7)

A.3.2 Complex smoothing of discrete frequency values

Assume the discrete complex frequencies in the frequency domain are:

F[kL kzoa"'aNFFT

The complex average is calculated without taking the norm of the complex frequencies:

Fonlk] = g Z (A.8)
N
1 .
where S = Z -Wik, j] (Normalization constant)
17
‘]:
Fon[0] = F[0] (Special case for k = 0)

Wk, j] is a symmetric logarithmic filter with center at k& and bandwidth from kg to k;:

/N = 1/N Octave smoothing
Ay = V20N = 20%xN)
kO - k/AN 9 Osz/AN

ki = kxApn JJ1=fi x AN
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Example at fi = 1000Hz with /N =1/3

Ay = V20/3) =20 = 1.12246...
fo = 1000Hz/A,\ = 891Hz
fi = 1000Hz x Ax = 1122Hz

So that at 1000Hz there is an average from 891Hz to 1122Hz.
Such an average is equivalent to a FPPO (Fixed Point Per Octave) calculation.
A.3.2.1 Filter shape

There is no standard filter shape for the Wk, j] filter in (A.8). The filter shape used in
this implementation is the Blackman filter:

0.42 4+ 0.5 cos (mx) + 0.08 cos (2mx) ,ko/2 > k > 2k

Wik,j] = (A.9)
0 , otherwise
where:
2
= i 'o —k o
T Wiog |71 g log]
Jog = logyp (4)

klog = loglo(k')
ros5 — 0.40547865 . ..

1 1
vVlOg = _— (loglo(kl) — loglo(ko)) — 72A]0g
Zo.5 Tos
log — K
s that ¢ = s x Pos ~ Fiog|
Alog

the bandwidth of the filter has been adjusted for FWHM using x5 :

1
0.42 + 0.5 cos (mzp5) + 0.08 cos (2mzp5) = 5
thereby Wk, j] has the following properties:
Wik, k] = 1
1
Wik, ko]l = Wik, k1] = 5 (bandwidth)
A.3.2.2 Time-windowing
The smoothing in (A.8) can be written in the general form (A.4):
1 & AR
FonlH = 55 > WIkIFlj] =) ~FlilgW(k.j]
N +1 = = S

At a frequency f we have a smoothing width:

Smoothing-width(f) = fi — fo = f <A - i)
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Using (A.6) gives the the time-window-width (TWW) becomes:

TWW(f) = Time-window-width(f)

= (Smoothing-width(f)) ™ (A.10)
b1
I (a-3)
1
= T Soam— 5= (A11)
where T = } = period of frequency [s]

The exact form of this time-window depends on the logarithmic window function Wk, j],
but this expression (A.11) shows that the width of the time-window is proportional to the
time period. When windowing the impulse response using a symmetric window the half
window-width is what determines the time-gating frequency. Eg. for N =1,3,6

1 1 1
§TWWN:1 = 55095 — -0 xT~071xT
1 1 1
iTWWN:S = 290053 — 9053 XT ~216xT
1 1 1
§TWWN:6 = 35055 _9=05 ¥ T ~433xT

A.3.2.3 Visualizing with graphs

The smoothing concept can be visualized with graphs. As a test impulse a artificial perfect
impulse followed by extreme noise can be used

mAmpiudeEtﬂ] Frequency Response

iH i L i i

L o Yt (o | PR PO X SATIVE ST BT M8 e

W = B Y

s IR : 4 ‘

A RNy {1 1, A

2 L2 H I I |

il - | ] & B LIH | I . b

A o | i 1 G e e T - e

3 Frequency response of below impulse

E-] .

1 (The phase is not shown)

14 X

16

£

20 0 80 70 100 200 30 500 700 1 2 3k S Tk 10k 20k

Frequency [Hz]

Vake Impulse Response Tiewe: window i

0.04 ’ 4 L1

003

002

om

0 05

ool L

02 11 Perfect impulse}

ampd .

o4 ! : i

0 5 10 15 .1 % 0 kS 40 45 50

Time [milizec]

Applying different smoothing cuts the noise away for different frequencies:
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Amplitude [dB) Frequency Response
]
0 B £ o
0 YN\
20 Lo L“h;{ Ar AL
230 ™, /\
R \
40
50
60 = The noise is cut away with the—i—
i ey, 8" 2. %9 00 K frequency dependent 2
= Imp+Noise 1/3 octave Frequency [Hz] . .
— imp+Hioise 115 octave time-window _
Value Impulse Response === Tme window i
- e,k eacer b TR LU L LT CLLECEL LT LU WP kb sl s e, kL
L T e i ST S e
0'03 '-. 4 ),“ - - "
002 bt (PRBIER S, -
0,0 S i
c ., "b._‘
o £ St
0 .'-:r ’1'?_.(_“2 sl‘ggﬂz e (.5
001 Pt il R By — o
Timewidth for 1kHz window: 1 1 T i
002 |- 0.71ms (N=1) S e N N -
ey o 2.16ms (N=3) ")
P17 433ms (N=6) Jg

004 focboiommnion b T S A ; S 0

a F 2 ; 5 5 7 i 10 n

Time [millisec]

Here it has been chosen to display the time-window for each decade (1Hz, 10Hz, 100Hz,
1kHz, 10kHz)

A.3.3 Absolute smoothing of discrete frequency values

The total response is calculated by making a running average in the frequency domain
(smoothing). Assume the discrete complex frequencies in the frequency domain are:

F[k]7 kZO,...,NFFT

Then the logarithmic absolute average is calculated by:

1
Pt = x> HPGIwikg (A12)
Jj= 1
Y1
where S = Z -Wij] (Normalization constant)
J
J:
Fan[0] = FI0] (Special case for k = 0)

Wk, j] is a symmetric logarithmic window function with center at k.

Such a smoothing CAN NOT be written as a convolution like in (A.4), since the function
F[k] — |F[k]| is in play. A absolute smoothing can therefore not be seen as time-windowing.
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Index

Auto detect time-zero, 16
Bandpass, 21
Causal impulse, 16

Exporting the Frequency Response, 8
Exporting the Impulse Response, 9

FFT-Frequencies, 8
First peak, 16

First positive peak, 16
FPPO, 30

Highest positive peak, 16

Largest peak, 16
Lowpass, 20

Non-Equidistant, 8
Normalization, 14

Room-response, 18
smoothing, 18

Text-file options, 8
Time zero, 15
Time-window, 17

wave-file, 9
woofer measurement, 20
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