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Vorwort: Warum ,,Wir«?

« Ich” habe dieses Dokument alleine verfasst, verwende aber
sehr haufig ,Wir“. Warum?

« Sehr viele Menschen haben dazu beigetragen, dass ich
dieses Dokument schreiben konnte. Ich habe viel von Ihnen
gelernt und viel mit Innen kreiert.

« Es fuhlt sich wie das Ergebnis gemeinsamer Arbeit an.

« Ein besonderes Dankeschon geht an Andreas Heggendorn
von Musicwonder mit dem ich den intensivsten Austausch
zu diesen Themen hatte und habe.

« Ebenfalls vielen Dank an Harry Rupf, Stefan Dreyer, Guido
Riedel, Markus Grelka, Thomas Schmidt und weitere HiFi-
Begeisterte, die auf dem Weg hierher mitgewirkt haben.
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Musik so horen, wie sie uns bewegt

« Das ist das wichtigste Ziel.

* Viele Faktoren spielen eine Rolle, z.B. die Anlage mit all
ihren Komponenten, der Raum, die Aufstellung, der
personliche Geschmack, die aktuelle Verfassung.

 Wir horen nicht nur mit den Ohren, sondern mit allen Sinnen
und wir selbst spuren, was uns bewegt und gefallt.

* Unser Beitrag zum Ziel

« Teil 1: Wir entwickeln eine aktive Frequenzweiche und schaffen technisch
die Grundlagen fur ein emotionales Horerlebnis.

« Teil 2: Wir horen und tunen den Klang individuell nach unserem
Geschmack.

« Wir horen Musik so, wie sie uns bewegt.
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Uberblick zum Inhalt: Was kommt?

 Unser Mittel zum Zweck sind FIR Filter.

* In dieser Dokumentation beschreiben wir:

* Vorbereitung: Hardware, Software, Einstellungen

« Teil 1: Entwicklung aktiver Frequenzweichen
« Workflow 1: Das Beste aus jedem Treiber rausholen
« Workflow 2: Zusammen grof3 Aufspielen
« Workflow 3: Der Raum macht die Musik
« Workflow 4: Perfect Timing

» Teil 2: Klangliches Finetuning
«  Workflow 5: Beim Horen meine Zielkurve einstellen
« Workflow 6: Beim Horen meinen Traumklang finden
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Abgrenzung: Was kommt nicht?

« Wie man diverse HiFi-Gerate, Kabel, sonstiges Zubehor
auswahlt, miteinander kombiniert und einrichtet,

 wie man seinen Raum akustisch verbessert, den besten
Horplatz findet und wo man seine Lautsprecher und
Subwoofer platziert,

* wie man einen vorhandenen, passiven Lautsprecher
umbaut, um ihn vollaktiv zu betreiben,

 theoretische Grundlagen der Lautsprecherentwicklung und
Signalverarbeitung,

* u.v.m.
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Vorbereitung
Software, Hardware,
Einstellungen
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Vorbemerkung

 Wir haben bestimmte Hardware und Software verwendet,
um das Beispielprojekt in diesem Dokument durchzufuhren.

* FIR Filter Verarbeitung ist moglich mit diverser Hardware.
* FIR Filter Entwicklung ist moglich mit diverser Software.

* Fur Kenner und Nutzer anderer Gerate und Tools ist es
leicht moglich, die hier gemachten Angaben passend auf ihr
Equipment zu ubertragen.
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Hardware

 Windows PC
« FIR-BoxX

* Audio Interface
« z.B. Focusrite Scarlett Solo (4th Gen)

* Messmikrofon
« z.B. Behringer ECM8000 (kalibriert)

 Mikrofonstander
o Kabel
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Software

e Chrome Internetbrowser .
« https://www.google.com/chrome/

« Room EQ Wizard Beta (REW)

« https://www.avnirvana.com/threads/rew-api-beta-
releases.12981/

* rePhase
* https://rephase.org/
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Voreinstellungen

Windows
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Audiointerface Sample Rate 44.100 Hz

Scarlett Solo 4th Gen Device Settings

Device Information

Device: Scarlett Solo 4th Gen
Versions: Firmware: 2188 Driver: 4,124.3
Serial: S191VFC3719F6B

Streaming Settings
Sample Rate 44100
Buffer Size 1024
Clock Source USE Interna

Clock Status SYNCED

Latency Information

Round-Trip Latency: 97.8ms - (4312 samples)
Safe Mode

X
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Hinweis: ASIO vs. JAVA

 Wenn moglich in REW immer ASIO Treiber verwenden.
Damit erfolgt der Zugriff auf das Audiointerface direkt.

« Achtung bei der Verwendung von JAVA in REW (z.B. in
Verbindung mit einem miniDSP UMIK-1 Mikrofon). Die
Windows-Einstellungen fur das Audiointerface sind aktiv.

* Im Folgenden werden die korrekten Windows-Einstellungen
iIn der Windows Systemsteuerung gezeigt, die bei
Verwendung von JAVA gesetzt sein sollen.

« Bei Verwendung von ASIO sind diese Einstellungen egal.
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Systemsteuerung - Sound

& Hardware und Sound

€ > v

Startseite der Systemsteuerung

System und Sicherheit
Netzwerk und Internet

|

® Hardware und Sound

&

Programme
Benutzerkonten
Darstellung und Anpassung
Zeit und Region

Erleichterte Bedienung

e ®e

N =5 > Systemsteuerung > Hardware und Sound

Gerate und Drucker
Gerat hinzufigen | Erweiterte Druckereinstellungen
Windows To Go-Startoptionen andern

Automatische Wiedergabe
Standardeinstellungen fir Medien und Gerate andern
CDs und andere Medien automatisch wiedergeben

Sound

Systemlautstarke anpassen = Systemsounds andern

Energieoptionen
Akkueinstellungen andern
Energiesparplan auswahlen

Windows-Mobilitatscenter
Haufig verwendete Mobilitatseinstellungen andern

Stift- und Fingereingabe

Tablettstifteinstellungen andern

Netzschalterverhalten andern
Energiesparplan bearbeiten

MUSIC
WONDER

0

C

Systemsteuerung durchsuch...

Maus | % Gerite-Manager

Audiogerdte verwalten

Energiesparmodus andern

Einstellungen fur eine Prasentation anpassen

Bewegungen aktivieren oder deaktivieren

Bewegungen zum Ausflihren bestimmter Aufgaben festlegen

Einnarainnahaainctallunnan Sndarn
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Sound - Wiedergabe - Konfigurieren

» Sound X
Wiedergabe Aufnahme Sounds Kommunikation

Die folgenden Audiowiedergabegerate sind installiert:

G' Lautsprecher
tandardc
4 - DDC Display
’ AMD High Definition Audio Device
e Standardkommunikationsgerat

N\ Kopfhérer
J Arylic Test Amp

strent
setlre

N\ Kopfhorer
('3 EarFun Free P
=1 ‘

T\ Kopfhérer
~o. EarFun Free Pro 2
('-‘-k & Get

N\ Kopfhérer

- |

Konfigurieren Als Standard |v Eigenschaften

0K Abbrechen
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Konfiguration 1 - Stereo - Weiter

Q) Lautsprecher-Setup

Wabhlen Sie lhre Konfiguration aus.

Wahlen Sie die Lautsprechereinrichtung aus, die
der Konfiguration des Computers entspricht.

Audiokanale:

stereo |

’ Testen

Klicken Sie oben auf einen beliebigen
Lautsprecher, um ihn zu testen.

Abbrechen

MUSIC
WONDER
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Konfiguration 2 - Vollspektrum

< [ Lautsprecher-Setup

Wahlen Sie Vollspektrum-Lautsprecher aus.

Satellitenlautsprecher haben meist einen

begrenzten dynamischen Bereich und missen mit

einem Subwoofer verwendet werden. Wenn |hre P P 8
Konfiguration Vollspektrum-Lautsprecher umfasst,

wabhlen Sie diese aus.

Vollspektrum-Lautsprecher:
@ Vorne links und rechts

Surround-Lautsprecher

Klicken Sie zum Testen auf einen beliebigen Lautsprecher.

Abbrechen
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Eigenschaften - Erweitert

Q) Eigenschaften von Lautsprecher X
Aligemein Pegel Erweitert Raumklang

Standardformat

I Wahlen Sie die Abtastrate und die Bittiefe aus, die im
‘ gemeinsamen Modus verwendet werden soll.

\ 24 Bit, 44100 Hz (Studioqualitat) v P Testen

| Exklusiver Modus

Anwendungen haben alleinige Kontrolle Gber das Gerat

@ aAnwendungen im exklusiven Modus haben Prioritat

Standards wiederherstellen

Abbrechen Jbernehmen
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Eigenschaften - Raumklang

Q) Eigenschaften von Lautsprecher X
Aligemein Pegel Erweitert Raumklang

Raumklangformat

’ Wahlen Sie das anzuwendende Raumklangformat aus.

| Deaktiviert v

Standard wiederherstellen

0K ] Abbrechen
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Sound - Aufnahme

» Sound

Wiedergabe Aufnahme Sounds Kommunikation

Wahlen Sie ein Aufnahmegerat aus, um die Einstellungen zu andern:

Analogue 1 + 2
2- Focusrite USB Audio
Standardgerat

vV &

14

223

Microphone Array
AMD Audio Device
Bereit

Kopfhorer
EarFun Free Pro 2 Hands-Free
Getrennt

Kopfhorer
EarFun Free Pro Hands-Free
Getrennt

Kopfhdrermikrofon
EarFun UBOOM L Hands-Free
Getrennt

Kopfharer

DIT Edno HanAdc-Erco

Konfigurieren

Als Standard |+

i

Eigenschaften

Ubernehmen

MUSIC
WONDER
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Eigenschaften - Erweitert

-2 Eigenschaften von Analogue 1 + 2 X

. Allgemein Abhdren Pegel Erweitert

Standardformat

| Wahlen Sie die Abtastrate und die Bittiefe aus, die im
gemeinsamen Modus verwendet werden soll.

| 2 Kanal, 24 Bit, 44100 Hz (Studioqualitat) W

‘ Exklusiver Modus

Anwendungen haben alleinige Kontrolle Gber das Gerat

| @ aAnwendungen im exklusiven Modus haben Prioritat

Standards wiederherstellen
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Voreinstellungen
Room EQ Wizard (REW)
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REW - Preferences - Soundcard

Preferences - x
Soundcard Cal files Comms  API Analysis Equaliser  View
Drivers ASIO Device
ASIO v Focusrite USB ASIO v ASIO Control Panel Reload
Sample rate Output Input
41kHz - 1: Output 1 v 2: Input 2 v
Secondary output Virtual balanced input Diff v
(v) 2: Output2 -
Timing reference output Loopback input
Input options 2: Qutput 2 v 1: Input 1 v
Invert
High pass Sweep level: -150 & dBFS
Treat 32-bit data as 24-bit

Soundcard calibration

Focusrite USB ASIO at 44,1 kHz Calibrate soundcard...

focusnite-scarlett-solo-4thgen-44.1.cal B X Make cal file...
Levels

Use main speaker test signal to check levels ¥ | Check levels... Generate debug file...

Use pink periodic noise for level checks throughout REW

22



REW - Preferences - Cal files

Preferences
Soundcard Cal files Comms API Analysis Equaliser  View
Soundcard cal files Mic cal files
X  Focusrite USB ASIO X  Focusrite USB ASIO
44.1 kHz focusrite-scarlett-solo-4thgen-44.1.cal B X 2" Separate cal for each input
48kHz focusrite-scarlett-solo-4thgen-48.cal 8 X ECM-8000-horizontal.txt

MUSIC
WONDER
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REW - Preferences - Analysis

Preferences

Soundcard Cal files Comms API
Impulse response window defaults

Left side

[Rectangular v]

Set window widths automatically

Default width (ms) 500 ¢

Add frequency dependent window

Add multi-time window

Impulse response calculation

Truncate IR after 1.7 s v
For imports set t=0 at impulse peak v
IR oversampler: Windowed sinc v

Loopback delay reference is IR peak
Set FSAF folder

Analysis Equaliser  View
Right side
Rectangular v
Default width (ms) 1.000 ¢
Multi-time 1.000.. 1,1 ms v
Decimate IR

Adjust clock with acoustic ref
Adjust clock with loopback
Align IR peak

Align t=0 to a sampling instant

IR decay/waterfall left IR decay/waterfall right

Hann 4 Tukey 0.25 v
Waterfall (audio data) Spectrogram
Gaussian v Gaussian v
FDW units: cycles
Frequency response calculation
Allow 96 PPO log spacing No smoothing v

Show response below window limit
Use right window width for min valid frequency

Limit cal data boost to 20 dB Apply cal files to distortion
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REW - Preferences - View

Preferences

Soundcard Cal files Comms API

Graph
D Use thick traces
Use antialiasing for traces
Use thicker traces for averages

Show aspect ratio dB/decade

Freq axis start (Hz) 20 ¥
Freq axis preset 1L 0 3
Freq axis preset 1R 250
Interface

Show/hide options s g

Disable tooltips
Opaque control panels
Right press to pan graph
Suppress soundcard errors
Animate measurements list
Full scale sine rms is 0 dBFS
Mousewheel adjusts controls on hover

Analysis Equaliser  View

Enable mousewheel zoom
Limit mousewheel zoom rate
Save trace colour with measurement

Use large icons

Freq axis preset 2 L 20 %
Freq axis preset 2 R 20000 ¥
Window on top options v
Colour scheme: Light
Distance units: metres ¥
Speed of sound (m/s): 3430 §
Tuning frequency (Hz): 40 <
Octave notation: American ¥

Trace highlight options v

Show watermark text on graphs

Watermark opacity: 10 %
Default trace colours @ @®®
Preset 1 aspect ratio: As plotted ¥
Preset 2 aspect ratio: As plotted
*Font options w
*Maximum measurements: 300 %
*Max RTA inputs (Pro): 16| %
*Max level meters inputs (Pro): 16| ¥

*Use English in the Ul

Settings marked * are applied after restart

MUSIC
WONDER
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REW - Measure

Make a measurement

Type: SPL

Name:
Nill appear as:
L

Add to group

Notes:

3] Keep for next measurement

Start Freq End Freq

Range: 20 % 22.050

RMS

-15 dBFS

Wamings: Low levels, High distortion, Low SN

No abort triggers selected

Ready to measure...

Impedance

4

Add number B
Add date/time B
° Use as entered
() Prefix with output

Append level

dBu
dBV
Volts

© ders

FSAF

Repetitions

From file

Calibration files...

Method: Sweep
Length
Settings: 256k ¥
Timing: No timing reference
Set t=0 at IR peak
Playback: From REW
Sample rate: 44.1 kHz v
Mode: Single measurement
Setup: Start delay 15
Qutput: 1: Qutput 1
Sec. output:
Options: None selected
(¥) Capture noise floor
Input 2
Input: on Focusrite USB ASIO
Check levels

Start

Abbrechen

MUSIC
WONDER
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Beispielprojekt
HECO PSM 1000

Arbeitsverzeichnis und Dateien
rePhase

27
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Vorbemerkung: Warum die HECO?

« Esist ein 3-Wege System und damit nicht zu einfach.

* Die Treiber der HECO spielen unkorrigiert nicht besonders
sauber. Daher sieht man die Effekte der Korrekturen gut.

« Die HECO ist nicht spiegelsymmetrisch aufgebaut. Daran
kann man besondere Feinheiten der Entwicklung fur Timing
und Dampfung zeigen.

« Sie ist ein schones Beispiel fur Vintage und Nachhaltigkeit

Baujahr 1980/1981
Stral3enpreis zwischen 50 und 150 Euro
passiv absolut kein Uberflieger

28



Arbeitsverzeichnis

r—

einrichten

MUSIC
WONDER

HECO-PSM-1000-Workshop X e

& {p

@ Neu ~

) Start
EJ Katalog
> @b Bidjan - Personl
v @b Bidjan - Bidjan 1
@ Anlagen
o Apps
@ Aufnahmen

> @ Backup-Data4.

0 Elemente

G

& OneDrive

(] Name

>

HECO-PSM-1000-Workshop

N, Sortieren v
Anderungsdatum

Dieser Ordner ist leer.

1

= O X
HECO-PSM-10( Q ‘

(I} Details ‘

Typ GroBe

I
O
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rePhase Dateien und Filter erstellen

HECO-PSM-1000-Workshop X +

= O X

< 4P C & OneDrive FIR-Dateien > HECO-PSM-1000-Workshop HECO-PSM-1000-Workshop 1 Q
® Neu - N Sortieren - = Anzeigen ~ aes ([ Details
& Apps (J Name Anderungsdatum Typ GroBe
88 Aufnzhmen &) CorB.dbl 20.10.2025 20:47 DBL-Date 128 KB
> &3 Backup-Datad: &) CorM.dbl 20.10.2025 20:47 DBL-Datei 28 KB
20.10.2025 20:46 DBL-Date 28 KB
S a—— @ | CorH.dbl 20.1 4¢ DBL-Date 128 KB
H.rephase 20.10.2025 20:42 REPHASE-Datei 2 KB
> BN Bilder Bl irep
B M.rephase 30.08.2025 17:49 REPHASE-Datei 2 KB
El Desktop
| B 8rephase 30.08.2025 17:49 REPHASE-Datei 2 KB
> & Dokumente

@ Evernote-Test-
@ Foto-Uploads
o General

@ Microsoft Copi
o Microsoft Tear
o Notebooks

o Office Lens

6 Elemente
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rePhase Hochtoner - H

E H - rePhase 1.4.3
File View Help
Load Settings...

Load Recent Settings
Load Settings Frem Clipboard

MUSIC
WONDER

20V

e Te g~ '
Save Settings To Clipboard
Reset Settings

Hier speichert man die
Arbeitsdateien von

rePhase (hier:

H.rephase)

Ve

Import Measurement...
Import Measurement From Clipboard
Clear Measurement

Clear Result

Save Graph Screenshot As...
Save Window Screenshot As...

Exit

jphic Phase EQ | Paragraphic Gain EQ

500Hz

Impulse Settings

iz

taps (16384 samples
FFT length 65536 | samples

middie

centering

use closest perfect impuise

KN(K]

windowing |hann |

Prrvrnnnnnnnng
I

optimization [none ~] to [-100 ~] @8

rate [44100 | Hz

format [64 bits EEE-754 (.dbi) |
24 filename |CorH
@ [ oo directory [C:\Users\Bidjan Tschaitschian\Or
polanity | norm v | generate I
tme |norm v

impulse delay: 8192 samples, 185.76 ms
max response: 0 dB, max impulse: -0.41 dB

ZkHz SiHz
Ranges | Measurement |

vews [T 2] 3 4] ¢ | om
Frequency EZOHz—v to Im
Ampltude m to m
Phase m to m

hide result phase below [-100d8 |
|y

10KHz
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rePhase H - General 0.00dB

General Filters Linearization ]

Output Settings

+8 —I—
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rePhase H - Linear-Phase Filters

General | Fitters Linearization | Linear-Phase Fiters | Minimum-Phase Fitters | Paragraphic Phase EQ | Paragraphic Gain EQ |

Linear-Phase Filters

type shape param freq
|high-pass ¥ | |Linkwitz-Riley >l 8 dB/oct | 1000 Hz
high-pass  v| v, | dB/oct !; \ Hz
high-pass | _ .
high-pass setzen fur
high-pass | Treiber, die beim Messen
high-pass | nicht mit niedrigen
Frequenzen belastet
high- v
Uhipese L8 werden sollen
high-pass v/ __ :
high-pass v | ~|| dBloct | 1000 Hz

Tips

Check for ampitude ripples
down to your noise floor
using a large range in the
graph, and try different
windowing (blackman or
nuttall should give good
results) and optimization
settings.

When using Brickwall filters,
make sure you use the
same taps, centering and
windowing settings for both
sides of the crossover or
complementarity will be lost.
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rePhase H - Basiseinstellungen Filter

Per ,generate” wird der
Filter CorH.dbl erstellt
und im Arbeitsverzeichnis
gespeichert

=

impuise Settings

taps

FFT length

centering

windowing
optimization
rate

format
filename

directory

16384 samples
65536 ﬂ samples
middle LI

use closest perfect impulse LI

hann ﬂ

none  v| to |-100 v| dB
44100 LI Hz

64 bits IEEE-754 (.dbl) |

CorH

C:\Users\Bidjan Tschaitschian\O1

generate l

mpulse delay: 8192 samples, 185.76 ms
max response: 0 dB, max impulse: -0.41 dB

Wir nutzen vorgegebene

Filternamen: CorH (far M,

G, B entsprechend CorM,
CorG, CorB)
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rePhase H - Basiseinstellungen Anzeige

Ranges Measurement |

Views | 1 2‘3‘4‘5]&9}!‘

Frequency |20Hz | to |20kHz +

Ampitude |-10dB +¥| to |10dB ~

Phase |-180° | to |180° Ll

hide result phase below |-100dB

wrap phase |yes LI

35
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Mitteltoner - M

MUSIC
WONDER

EI M - rePhase 14.3 - ful X
File View Help
10 180°
® 157.5
g
135
B 1125
] s0°
4 a7.5°
3
45
? s
2
-3 45
4 o
5 =0
< A125°
N P
: 15750
e iz 100z 200Hz 500Hz fiHz 2HHz ER 10Kz P
General | Fitters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ Impuise Settings Ranges | Measurement |
‘ taps (16384 samples
Linear-Phase Filters Views [T_zl_elﬂ;lﬂ_]
type shape param freq J) O O Frequency {20Hz | to [20kHz L]
[high-pass ] [Linkwitz-Riey x| | 4 doroct [ 100 2 h Igh-paSS bel M Zum Ampltude [-10d8 ~| to [1008 =]
e S Schutz beim Messen R =
[nigh-pass =] | =~ dioct | 1000 Hz hide result phase below [-100d8 ~
[hign Ra | =11 dsioct | 1000 H einer a S ei -
igh-pass ¥ . o z (kl I b H ) wrap phase |yes -
Ihlgn-pass Ll I :I [ dBloct I 1000 Hz
WNEN using Brickwal Tmers J * p— |
|h|gn-pass LI | l.] I dB/oct | 1000 Hz ::-:ahe sure you use the fename |Corﬂ
same taps, centering and -
|h"3h'|""h's .LI | lJ | dBloct | 1000 Hz windowing semnz_}ls for both =
sides of the crossover or directory |C \Users\Bidjan Tschaitschian\01
Ih"J""|>él55 j | ﬂ | dBloct | 1000 Hz complementarity wil be lost
generate

impulse delay: 8192 samples, 185.76 ms
max response: 0 dB, max impuise: -0.04 dB
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rePhase Basstreiber - B

MUSIC
WONDER

Bl B - rePhase 143 - ful X
File View Help
1 120°
o 157.5
g
135
B 1125
5 %0°*
4 7.5
k |
) 45°
2
" s
2 228
2
450
K]
4 275
5 0
2 125
I
RELY
3
: -157.8°
9
-10 -180"
20Hz 50Hz 100Hz 200Hz 500Hz ThHz ZcHz SiHz 10KHz 20kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q | Impulse Settings Ranges | Measurement |
taps |16384 samples
1 2|3|a4]s
Linear-Phase Filters ‘ rﬁ ~ Vieus ]__.I._J_J_@J
~| samples
type shape param freq Frequency }20Hz v| to |20kHz Ll
-
low-pass ¥ hd dBloct | 1000 Hz d 0 = Ampltude |-10dB +| to |[10dB
e = ' beim Basstreiber [==== S e
[high-pass =] | =1 dBioct | 1000 Hz Phase |-180° ~| to [180°
froroess =] | < | ' = - Fowe =]
high-pass ¥ > dBioct | 1000 Hz ke SCh t hide result phase below [-100d8 ~
IN utz <] 1 [100 =] @8 ? =
high-pass ~ L dBloct | 1000 Hz wrap phase |yes o
fiovess =1 | = | I — . T |
[nigh-pass ] | =1 dBioct | 1000 Hz e
When using Brickwall fiters, format |65 bits EEE-754 {.dbl) ﬂ
|h|gh-nass =l | 1J | dBloct I 1000 Hz make sure you use the - |C o
same taps, centering and e | o
[nigh-pass =] | ~| | dsioct | 1000 Hz windowing settings for both [CiUsersiBxdan Tachatschian®d
sides of the crossover or directory |C:Wsers\Bidjan Tschaischian\Ot
[high-pass =] | =l dbloct | 1000 Hz complementarity will be lost
generate |
impulse delay: 8192 samples, 185.76 ms
max response: 0 dB, max impuise: 0 dB
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Beispielprojekt
HECO PSM 1000

Aufstellen fur die Nahfeldmessungen
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Lautsprecher frei im Raum aufstellen

* Wir messen zunachst mit einem Lautsprecher,

« am besten drauf3en ...,

e ... oder lieber im Warmen,

* moglichst weit weg von Boden, Decke und Wanden.

 Wir wollen Raumeinflusse durch fruhe Reflexionen
moglichst klein halten.
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Die HECO PSM 1000 Front
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MllrJ\I%ﬁDER
Ruckseite mit SpeakOns (nach Umbau)

PSM 1000

Gerite-Nr. 21101917 1 2 4
Nenn-/Musikbel. 100/150 Watt
AnschluBwerte 4 Ohm/8 Ohm
Impedanz 4 Ohm

L. Mheco

Heco Hennel+Co GmbH 6384 Schmitten 1
FA R/ BT ORI P AR o 2 Vo AT

Low High
4-adrig fur B und G

4-adrig fur M und H
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Kann gleich losgehen
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Beispielprojekt
HECO PSM 1000

Den Lautsprecher in der
Musicwonder Software der FIR-BoxX

anlegen
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Musicwonder WebApp zur Entwicklung

* Wir arbeiten mit der WebApp von Musicwonder.

* In unserem Beispiel heil3t unsere FIR-BoxX ,musicwonder-
3004". Das ist der Hostname.

* Im Browser folgendes eingeben:
http://musicwonder-3004.local/developer/

 Es Offnet sich eine Seite mit den Bereichen Common,
Settings, Speaker und Filter.
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Ubersicht aller Bereiche

Common o
Standby
Hostname musicwonder-3004

Brand

Settings

Status Brutefir

88

Input OPT1 v rename
Allow filter bypass

Volume @ 0
Startvol —— 40

Speaker

Speaker  Default v

Profile 1ch-B-Fullrange v

Tuning none v

Voicing none v

Partitions | 16 v

H (SpeakOn High 2) LR
M (SpeakOn High 1) LR
G (SpeakOn Low 2) L/R

B (SpeakOn Low 1) [ @) O LR

Filter

B CorB.dbl v [ @) att 3 del 0

0s5:0.9.96, Fw: 2.13

46



MUSIC
WONDER

Settings

Wir arbeiten mit dem
ersten Analogeingang

Status Brutefir 7/ ()
. @,

Input (LINE 1 v] rename

Settings

Allow filter bypass
Volume @ 0

Startvol cosssssssss————({) 40
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Speaker - wir legen einen neuen an

Speaker

Speaker  Default v

|
Profile

#" rename Speaker
Tuning copy Speaker

Voicing delete Speaker
Altona

Partitions | Default
heco PSM 1000

H (SpeakO L/R
Scott-176

M (SpeakOn High 1) L/R

G (SpeakOn Low 2) L/R

B (SpeakOn Low 1) . @) O LR
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Wir suchen einen passenden Namen aus

Auf musicwonder-3004.local wird Folgendes angezeigt:

Enter new speaker name:

HECO PSM 1000 DIY]

A

49



MUSIC
WONDER

Wir aktivieren H, M und B (3-Wege)

Speaker

Speaker = HECO PSM 1000 DI* v

Profile Default v
Tuning none v
Voicing none v
Partitions 16 v
H (SpeakOn High 2) & O LR
M (SpeakOn High 1) (@ 0 LR
G (SpeakOn Low 2) L/R
B (SpeakOn Low 1) (@ O LR
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Wir laden unsere Basisfilter hoch

Filter

CorH.dbl

(J upload filter

. | delete filter

&) bypass filter

888

att

att

att

MUSIC

IWONDER
del 0
del 0
del 0
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Aus unserem Arbeitsverzeichnis

@ Offnen X
& v P « Geschaftsideen > Hifi > Activaudio-Harald-Rupf-FIR-BoxX > FIR-Dateien > HECO-PSM-1000-Workshop v C HECO-PSM-1000-Workshop P
Organisieren ~ Neuer Ordner =i ‘¥ [l 0

> @l Desktop Name Anderungsdatum Typ GroBe
>z Dokumente 5 CorB.dbl 20.10.2025 20:47 DBL-Datei 128 KB
& Evernote-Test- @ CorH.dbl 20.10.2025 20:46 DBL-Datei 128 KB
g_l] CorM.dbl 20.10.2025 20:47 DBL-Date 128 KB

@ Foto-Uploads
oa General

@ Microsoft Copi
@ Microsoft Tear
o Notebooks

- Nffire |l anc

Dateiname: |CorH.dbl v | DBL-Datei (*.dbl) 27

Offnen |v Abbrechen
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Startklar - die Filter sind aktiv
Dampfung
(Attenuation)
Default; 3 dB
Filter 7/
H CorH.dbl v att 3 del 0
M CorM.dbl v att 3 del O
B ( CorB.dbl v) att 3 del 0

Delays
Default: 0 Samples
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Zwischenstand - gut vorbereitet

« Hardware und Software laufen und sind eingerichtet.

 rePhase Arbeitsdateien und erste Filter zum Messen sind
erstellt.

« Die Filter sind in der FIR-BoxX geladen.

« Ein Lautsprecher und der Mikrofonstander sind geeignet
aufgestellt.
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Teil 1
Entwicklung aktiver
Frequenzweichen
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Workflow Teil 1
Das Beste aus jedem
Treiber rausholen

Messen und Linearisieren im Nahfeld
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Nahfeld - WebApp

In der Musicwonder WebApp

Eingang Line 1
Modus Endstufe, d.h. Volume auf 80 - 100%

Wir steuern die Lautstarke beim Arbeiten mit dem Volumeregler des
Audiointerface.

Einschalten des Treibers, der gemessen wird
Ausschalten der Treiber, die nicht gemessen werden

Hochladen von Filtern, wenn diese in rePhase bearbeitet
wurden
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Nahfeld - REW

In REW pro Treiber

Mehrere Messungen aus verschiedenen Abstanden

Impuls und Phase prufen

SPL angleichen (SPL Alignment)

Messungen mitteln (Vector Average)

Gemittelte Messung glatten (IR Windows, FDW)

Messung als Referenz fur den Treiber exportieren (als *.txt)
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Wir starten mit H

hoco  PSM 1000

1. Abstand immer
etwas grofder als
Treiberdurchmesser
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Tipps zur Messreihe

Startposition Mikrofon etwas grolder als Treiberdurchmesser
In REW die Anzahl der Wiederholungen angeben (3-5)
1 Sekunde Pause nach jeder Messung

In der Pause Mikrofonstander um ein paar Zentimeter nach
hinten ziehen

@ pp—

Messung Nummer ... 4 3 2 1

]
—_——
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Nur den Hochtoner einschalten

Filter

H
M

B

CorH.dbl

CorM.dbl

CorB.dbl

att

att

att

MUSIC

IWONDER
del 0
del 0
del 0
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Volume-Check mit SPL Meter/Generator

Pegel auf 85-90

dB(C) S

|
I

e Alc|z Fls] HP

No limitset

dBFS
—
L Oy T R O T T T L F O T T |

.70 -60 .50 -40 -30 .20 -10 0

<100 80

MinMax Elapsed Time Calibrate -
n NmM
Reset All uiuu:a

Logger

Output 2 on Focusrite USB ASIO

Tones Multitone Noise
Pinkrandom | White random Pink Periodic White Periodic
Full range Octave
Sub Cal (30 to 80 Hz) 1/3 Octave
© Speaker Cal (500 to 2000 Hz) Custom
CTA-2034 v
Speech CEA 2034-filtered noise

Uncorrelated

Gaussian

RMS dBu
-

dBV

-15 dBFS .
v

601dBFspk @ dBFS

Sweeps

FSAF

Calibrate
level

FS sine Vrms

1,0000 V

r

Play Save to file

Output

SPL limit (dB): 2: Output 2
Stop if heavy input clipping occurs

Send signal to timing ref output Invert second output
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3 Messungen - nach jeder das Mikrofon
ein paar Zentimeter nach hinten ziehen

Make a measurement

Type: SPL Impedance

Name| h Add number
Add date/time
© Use as entered

Will st
W appear a Prefix with output

h Append level

Add to group

Notes:

|¥) Keep for next measurement

Start Freq End Freq

Range: 20 ¥ 22050 v Hz
RMS dBu

-15 dBFS _ = v

O dsFs

4

Warnings: Low levels, High distortion, Low SN

No abort triggers selected v

Ready to measure...

Input:

Method: Sweep
Length

Settings: 256k ¥

Timing: No timing reference

Set t=0 at IR peak

Playback: From REW

Sample rate: 44.1 kHz v

Output: 2: Qutput 2
Sec. output:

Options: None selected

|¥J Capture noise floor

X
FSAF
Repetitions
1 v 595
hd
v
From file
w
v

3]

Calibration files...

Input 2
Input: on Focusrite USB ASIO
Check levels Start

Abbrechen
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3 Messungen fur den Hochtoner

File Tools Preferences Graph Help Donate Proupgrades
- | gl d8 N A~ - 5y
f  S— =)
e Q X 6 Ap 83 v I I N~ 'L E@ il XL /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
« 12 = Show all ¥ «ts §
L SPL & Phase ‘ AlISPL | Distortion Impulse  Filtered IR GD | RT60 RT60Decay Clarity Decay Waterfall Spectrogram Captured - o
L r 1:h Capture Separate Scrollbars Freq. Axis Controls
‘Ir»./- 2h . SPL
: @
3:h )
= 100
SPL v
= gy grvmnlnei
M AN M*W‘Mr I WPWM
< i g M \‘\”x"’*‘ng AN ™ w{q’,ﬂﬂ
W
8
80
75
73,5
L Set graph axis limits X
SPL Top
65 -
Left Hz 1050 = Right Hz
5000 % Apply Settings 20.0000 | &
60
450 %
55 Fit ¥ to data SPL Bottom Fitto data
I | T T T T
10.. 250
50 i
. . | 20 .. 20k
_ Limits setzen, um den X
500 600 I B ] h 3k 3,979 Sk 6k 7k 8k 9% 10k 111 k 14k 16k k 20kHz
: relevanten Bereic :
1 — 933 dB mEL] — 91,8 dB
156/509MB 441 kHz Int32Lin, Int32L out, 1024 g ut Zu Se he n Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Overiliay Impulse Check
i = e == s & Dm0
s it
Hier muss t = 0 sein \

Fehler: Hier wurde
t = 0 gesetzt
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Die Phase mitt = 0 an der falschen Stelle

Overlays = o X

«lz = AW eH| L SPL | Predicted SPL | Phase | Predicted Phase = Level | Linearity Distortion Impulse ETC Step GD RT60 | Clarity 7& ‘-:-D LF

! ! Ein solcher Verlauf ist
o ein Hinweis, das
i etwas nicht stimmt

-60
-90
120
150
i |
i | 10..250
180 il . 20.. 20
ea®
500 600 700 800 900 1k % 3 2k Sk 6k 7k 8 S 10k 1k 12k 14k 16k 18[19,36Kkk
4 »

@) 1:h — -134 deg @ 2h _— -130 deg @ 3:h P -129 deg
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Korrektur Impuls: ,,Set t = 0 at cursor“

Overlays - o b4
« | = Show all| ¥ e SPL  Predicted SPL  Phase Predicted Phase Level Linearity Distortion ‘ Impulse | ETC  Step GD  RT60 = Clarity n%:—’f C-I-P alg
[Tt:n %
™12 h ® Set t=0 at cursor Offset t=0
= 80
=~ Time z
f 3h Shift the impulse zerc time to the current cursor position for all
Hier den Cursor
60 Undo t=0 changes
rE .
positionieren ot T
40
Shortcuts
29.9 dd RTA T
20 L Room sim g
#" Preferences + +
I Main window
0
-20
-40
-60
-80
-100
-120
-140
5 S
-180u -160u -140u -120u -100u -80u -60u -43,.7ul| -20u Ou 20u 40u 60u 80u 100u 120u 140u 160u 180u 200u 217us
] >
@ 1:h 63,59 @ 2h _ wGEL
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Korrigiert: Impuls beit =0

Overlays

w

%

80 O

60

40

299

NSS!

SPL  Predicted SPL  Phase Predicted Phase Level Linearity Distortion | Impulse | ETC  Step | GD  RT60 = Clarity

MUSIC
WONDER

s O

-60

-80

-100

-120

-140

-136u
4

-120u

@ 1:h

-100u

-80u

-60u

-40u

-20u

o
w
o

-0.0u 20u 40u 60u 80u

@ 2h

100u

o

v

120u

140u

160u

180u

200u

220u

240u

S

260us
»
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Phase mit t = 0 an der korrekten Stelle

verlays - o X
«lz = L@ SPL  Predicted SPL W Predicted Phase = Level | Linearity = Distortion Im pulse ETC  Step GD RT60 = Clarity c-:-v ©F
L
L [Mzn
i ol ey
Ein solcher Verlauf ist
normal (von oben
kommend und dann
entlang der Nulllinie)
-180 .!{)...gké
600 700 5k k
) 1t @ 2 R “
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Align SPL (rechte Maustaste)

File Tools Preferences Graph Help Donate Pro upgrades REW V5,40 Beta 103 = o X
= —— | d8 SPL N~ + - (%%
= 3 g wowm V@Y ik Ee w7 7
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development ®
«lz = Show all ¥ » FS <
z ‘ A= e
L9 SPL & Phase | AlISPL | Distortion Impulse @ Filtered IR GD | RT60 RT60 Decay Clarity Decay Waterfall Spectrogram Captured o - + o
L f% 1h Capture Separate Scrollbars Freq. Axis Limits Controls
SPL
f"‘ 2h .
@®
ad 3:h ®
N " 100
SPI

=" | .,..ﬂ‘::qt.

W ! ' ™l ULl
9% WMM “M‘N‘wﬁ,{w&'\r MN'MVMM ”1.?-‘ 'ﬂ‘ MMH

B85 '
)H‘ [l\in smoothing '] Apply
SPL offset (dB): 00 % Add to data |
| Align SPL... Time align l
Undo SDL ali t Alinn IR ctact

Align the selected measurements to a target level over a

Rem‘ i |
W specified frequency span |
Undo e - — ‘\
RMS average dB average ‘\
RMS + phase avg. dB + phase avg. ;
Vector average Vector sum |
Export IR txt Export as txt
Export IR WAV |
; 10.. 250
Alignment tool | 20 .. 20k
5 e e
2k 3k 3,979 5k 6k 7k 8k 9%k 10k 11k 12k 14k 16k 18k 20kHz
4 »
:h 95,1 dB @ 2h 933dB @EL] —— 91,8 dB
202/57TAMB 441 kHz Int32Lin, Int32L out, 1024 000K H0CO0000 X0O00CC. 0000 0032 32-bit input data  Max input 120 dB SPL Right click graph or measurements for actions
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Einstellungen

Align SPL X
|

Use average SPL of measurements

o Use SPL specified below Wir ziehen die

Messungen auf 80,0

Alignment level (dB): 800 & dB
Available range: 20,19 Hz to 22,05 kHz Sinnvollen Wert fur
den Treiber
Alignment centre: [ 6,3 kHz '] auswahlen
. Alignment span (octaves): 1 »w

0K Abbrechen
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Die 3 Messungen im Pegel angeglichen

File Tools Preferences Graph Help Donate Pro upgrades REW V5,40 Beta 103 = a X
f o) S d AN N~ + - [
= B X O W w Il 7~ i E@ Wi X7 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
&1z = Show all ¥ FS ;
L €. OF
SPL & Phase | AlISPL | Distortion = Impulse | Filtered IR GD | RT60 | RT60 Decay Clarity Decay Waterfall = Spectrogram = Captured -y
L F 1:h Capture Separate  Scrollbars Freq. Axis Limits Controls
SPL
.P’ 2h .
.. ®
ET )
= 100
SPL -
95
90
85
80
75
735
70 4
65
60 L
55
10..250
» ' 20... 20k
" e ®
500 600 700 800 900 1k 2k 3k 3,979 Sk 6k 7k 8k 9% 10k 111 k 14k 16k k 20kHz
4 b
@ :h _ 80,4 dB @ zn - 80,5 dB GEY —_— 81,1d8
317/574MB 441 kHz Int32L0n, Int32L out, 1024 C 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Messungen

MUSIC

WONDER
mitteln (Vector Average

File Tools Preferences Graph Help Donate Pro upgrades REW V5.40 Beta 103 = a X
— = gl a8 Ao G
[ =
*—'mﬁ M~ a3 A~ i E®@ il V4
Measure Open Saveall Removeall Info IR windows SPL meter Generator Room sim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
2 = Show all ¥
«lz = ow a = - %’\—’,}? *I" 308
s SPL & Phase | AlISPL | Distortion Impulse @ Filtered IR GD | RT60 RT60 Decay Clarity Decay Waterfall Spectrogram Captured -y
L r 1:h Capture Separate  Scrollbars Freq. Axis Limits Controls
SPL
‘,F" 2h .
@
""‘ 3k ) [No smoothing 'J Apply
- 100
SPL - SPL offset (dB): 00 ¥ Add to data
% Align SPL... Time align
Undo SPL alignment Align IR start
%0 Remove IR delays Cross corr align
Undo t=0 changes
85
RMS average dB average
80 RMS + phase avg. dB + phase avg.
7;755 Export If Vector average the selected measurements
Export IR WAV
70
Alignment tool
65
60 L
55
10..250
39 20 .. 20k
5 e e
500 600 700 800 900 1k 8k 9% 10k 111 k 14k 16k k 20kHz

324/574MB 44,1 kHz Int32L in, Int32L out, 1024

™ 1:h

80,4 dB ®2h
0000 00 32-bit input data Max input 120 dB SPL

Right click graph or measurements for actions

_ 81,1dB
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Gemittelte Messung

File Tools Preferences Graph Help Donate Pro upgrades REW V5.40 Beta 103 = a X

R X O TN I A E@ Wi 7

Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences

REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x

&« l'. — Show all ¥ ah Y g9
: ™ : &= €L ©F
s SPL & Phase | AlISPL | Distortion Impulse @ Filtered IR GD | RT60 RT60 Decay Clarity Decay Waterfall Spectrogram Captured -y

L 1:h Capture Separate  Scrollbars Freq. Axis Limits Controls

SPL
‘,F" 2h

,’“P 3:h

Benennen wir um in
- h-ref

4: Vector average

85

4: Vector average

500 600 700 800 900 1k 2k 3k 3,979 5k ok 7k 8k 9% 10k 11k 12 14k 16k 2k 20kHz
@ 1:h _— 80,4 dB M2n _ 80,5dB mEL SETR— 81,1dB

392/574MB 441 kHz Int32L0n, Int32L out, 1024 o0 002000 0000 00 32-bit input data Max input 120 dB SPL Right click graph or measurements for actions
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h-ref in REW ,,SPL & Phase“ smoothen

File Tools Preferences Graph Help Donate Pro upgrades

= ; s A~ - 5
=] J 3&‘ @X 6 ‘ 83 v I l N~ 'h E@ i x 7 P 4
Measure Open Saveall Removeall Info lows SPL meter Generator Scope Levels Overays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please dick here to make a donation to help support its continuing development X
S = Show all v
- | 2 : > 08
2 T PL & Phase | AISPL  Distortion = Impulse  Filtered IR | GD RT60 RT60 Decay | Clarity Decay Waterfall Spectrogram | Captured -
h Capture Scrollbars Freq. Axis Limits Controls
2] 2.0k IR Windows = X T ® 11800 a
B h h-ref i
e 150
Left: Rectangular - H
@, 200k (¥ ‘
= . Right: Rectangular - :« = 120
.o {2000 Leftwidth (ms): 500 % 3 %
4 r= h-ref Ref Time (ms): 0044 & |
e 200k Right width (ms):  1.000 3 60
Freq. resolution: 1,00 Hz |
Span in samples: 66.150 | Y 30
0
5 Nogge
Apply a window whose width varies with freq ",
h y | Yy 30
to the windows above FDW 6 I | N
\ CyC es : N
Add MTW | e
- [ -60
Multi-time 1.000.. 1,1 ms ¥ A : %‘*&M
Save settings as preset -90
Show presets
W f -120
Apply windows to all : |
pply windows to | v [ 10..250
Apply to all, keep ref time - } -150
f 4 20 .. 20k
Apply to All SPL selections i | e e =
Apply to Impulse overlay selections 0 700 800 900 1k 2,074k 3k 4k Sk 6k 7k 8k % 10k 7k 20kHz
L]
h-ref E ) Phase 59 deg v
v Mic Cal 03dB Soundcard Cal -0,0dB

Right click graph or measurements for actions

352/616MB 44,1 kHz Int32L in, Int32L out, 1024 32-bit input data Max input 120 dB SPL
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Smoothing mit FDW = 6 cycles

File Tools Preferences Graph Help Donate Proupgrades

MUSIC
WONDER

— | A= d8 A + - 4%
f o
= x O 83 e E®@ b 7 Vs
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Overlays  RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
K = Show all *
L) SPL & Phase | : : «r O
1 SPL & Phase | AlISPL  Distortion = Impulse Filtered IR  GD RT60 RT60 Decay Clarity Decay Waterfall Spectrogram Captured
[\/' h Capture Scrollbars Freq. Axis Limits Controls
[+ H 200k IR Windows = X ® 1800f .
= h h-ref
© 150
Left: Rectangular v
2, 20k ¥
7 2 Right: Rectangular v 120
. 2ok Leftwidth (ms): 500 20
4
h-ref Ref Time (ms): 0044 %
et e Right width (ms): ~ 1.000 % i
Freq. resolution: 1,00 Hz I
Span in samples: 66.150 30
AddFDW 6cycles % 0
Apply a window whose width varies with frequency in addition |
to the windows above -30
F f f =7
Add MTW
[ -60
Multi-time 1.000.. 1,1 ms ¥
Save settings as preset -90
Show presets
-120
Apply wi |
pply windows to al 10. 250
I =
Apply to all, keep ref time 20 .. 20k 130
Apply to All SPL selections e v
Apply to Impulse overlay selections 0 700 800 900 1k 2,074k 3k 4k 5k 6k 7k 8 9% 10k 13k 5k Tk 20kHz
»
h-ref [F Va8 B ) Phase Vsl 57 deg v
v Mic Cal 03dB Soundcard Cal -0,0dB

421/624MB 44,1 kHz Int32L in, Int32L out, 1024 0000 00

32-bit input data

Max input 120 dB SPL

Right click graph or measurements for actions
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Erlauterung: Glattung und Fensterung

« Zur Erstellung der FIR Filter arbeiten wir mit einer
geglatteten Messung

 Fokus auf das Wesentliche und Vermeidung von Uberkorrekturen beim
Erstellen der Filter

 REW hat Funktionen fur Glattung und Fensterung
 Menu Graph: 11, 1/2, 1/6, 1/12, 1/24, 1/48, Var, Psychoacoustic, ERB
« Wir nutzen ein ,Frequency Dependant Window"
« die FenstergrofRe wird mit zunehmender Frequenz immer kleiner
* je weniger Cycle, desto glatter die Messung

« Wir wollen glatten, aber die Charakteristik des Frequenz- und
Phasenverlaufs erhalten

« 6 Cycle funktionieren in der Regel bei Nahfeldmessungen sehr gut

« Eine klassische Fensterung, z.B. mit Left Window 1 ms und Right
Window 3 ms konnte man auch nehmen.
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Vergleich FDW/Fensterung Frequenzgang

» 4z = Show all| e SPL | Predicted SPL  Phase @ Predicted Phase Level Linearity Distortion Impulse ETC Step GD RT60 Clarity )E (\,%T’ € I + O
SPL
@ .
_ us € | 1
IR Windows = X |[SPL ¥
1
b h-ref-win-L1-R3
% H Left: Rectangular v D- f t rt
| Kot Rectanguier = i€ geltenslerie
b e Messung verwendet
B . <
Ref Time (ms): 0043 ¥ L - 1 d R - 3
et . 1 MS un .9 MS _
Right width (ms): 300 '/
b /
Freq. resolution: 333,33 Hz
5 Span in samples: 176 / \ H
| RIS
o H (O Add FDW ~ |\
\I 11
n \ |
o I\ ‘4
11
1 Add MTW |
24 . = 11
Multi-time 1.000 .. 1,1 ms * | ‘ |
E |
| Save settings as preset 'y
n 1
- Show presets I 1
L
Ie Apply windows to all o i
| FDW mit6, 9, 12,15 | ||
| Apply to all, keep ref time J J ) i
58:h . | 1
5% n Apply to All SPL selections Zyl e n u n d el n e " |
60: b Apply to Impulse overlay selections 250
I S———— s Fensterung
62: mip e ®
o mip=EaT 1[1.050k Sk ok 7k 8k ok 10k ; 20kHz
64: mlp-EQ155-LS-HP28 “ >
65: EQ mip-EQ155-LS-HP28 68: h-ref-ra 3,1 dE V) 69: h-ref-fdw6 [FOW] s} 724 dB ) 70: h-ref-fdwd [FOW] Iy - 72,4 dB
66: mlp-EQ155-LS-HP28-tun = V) 71: h-ref-fdw12 [FDW] /) 72,3 dB V) Vg ) 73: h-ref- T:
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Vergleich FDW/Fensterung Phase

Overlays

» l: = Show all ¥

58: h-del-0

59: m-del-0

60: b-del-0

61: 1m-del-h7-m8-b0

62: mip

63: mlp-EQ155

64: mlp-EQ155-LS-HP28

65: EQ mlp-EQ155-LS-HP28
66: mlp-EQ155-LS-HP28-tun

MUSIC
WONDER

= a X
e SPL  Predicted SPL | Phase | Predicted Phase = Level Linearity Distortion Impulse ETC  Step GD RT60 Clarity n%:—’f GI'D €LOF
deg
®
180
1481

-90

-120

-150

-180

2k

%
%

3k

9: h-ref-fdwb [FOW]

4k

S5k

—{Va}-
Vs

6k

120 deg

Tk

%

8k 9%

70: h-ref-fdw9 [FDW]
@ 73:h-

10k

10..250
20.. 20k
©e

; k 16k 3k 20kHz
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Die Messung als .txt-Dateil exportieren

Tools Preferences Graph Help Donate Proupgrades

REW V5.40 Beta 103 = o X
Open measurement Strg+0 A d8 SF \/\ I I A~ E. hulL o= v
Save measurement as... Strg+S 83 N~ X / /

1 » IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
Save all Strg+Umschalt+5
Remove measurements loaded from... » free software, but if you can afford to please click here to make a donation to help support its continuing development x
Open filters s b
SavEfilers ae SPL & Phase | AlISPL  Distortion = Impulse Filtered IR  GD RT60 RT60 Decay Clarity Decay Waterfall Spectrogram Captured ¥ e
Scrollbars Freq. Axis Limits Controls
Import EBOO
Export » I Export measurement as text
I
Remove Current Measurement Strg+Rucktaste Expont b emsametromnts ws o il
- - Export measurement as MLSSA .frq
Remove all Strg+ Umschalt+ Rucktaste
Export impulse response as WAV 120
Export all impulse responses as WAV
1 rew2.mdat Export impulse response as text 90
2 rew.mdat Export all impulse responses as text
3 whz-bix.mdat Export filters impulse response as WAV | 60
4 rew.mdat Export filter settings as text :
5 rew.mdat Export filter settings as formatted text _ | 30
6 tests-xo-bm-assym-del-fehlt-noch.mdat Export distortion data as text
7 b-neu.mdat Export distortion spectrum data as text 0
€ pr-tests.mdat Export RT60 data as text Strg+Alt+R
9 rew-hh-reduced-work.mdat Export RT60 data for all measurements as text 0
Exit Set text delimiter (Space) >
. |
& b 1 -60
60 -90
55 i -120
50 -150
500 600 700 800 900 1k 2,074k 3k 4k 5k 6k Tk 8k 9% 10k 13k 15h Tk 20kHz
4 »
&) h-ref [FOW (Vs } 80,2 dB ) Phase Vsl 57 deg v
v Mic Cal 03dB Soundcard Cal -0,0dB
427/624MB 441 kHz Int32L0n, Int32L out, 1024 o0 002000 0000 00 32-bit input data Max input 120 dB SPL Right click graph or measurements for actions
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Einstellungen beim Export

Export settings for h-ref X

Notes to include:

Vector average of h, h, h

© Use range of measurement: 20 to 22.050 Hz

Use custom range: to Hz
© Use resolution of measurement: 96 PPO

Use custom resolution: PPO
O Use smoothing of measurement: 1/48 octave

Use custom smoothing:

© Use REW export format (recommended): 12345.6

Use computer's number format:

Export units:  SPL v

Export text delimiter: Space v

Do not include any comments or headers in the export
Do not include phase in the export

() Include individual input responses in multi-input capture export

Export preview:

o 1 red by REW V5.40 beta 103

OFf

m- Abbrechen
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Als h-ref exportieren

MUSIC
WONDER

| C:\Users\Bidjan Tschaitschian\OneDrive - Bidjan Tschaitschian\Dokumente\Geschaftsideen\Hifi\Activaudio-Harald-Rupf-FIR-BoxX\FIR-Dateien\HECO-PSM-10... X

E Speichern in:

Recent Name

Desktop

=

Dokumente

Dieser PC

L

Netzwerk

HECO-PSM-1000-Workshop

GroBe Elementtyp

Anderungsdatum

v O @ B &

Dateiname:

Dateityp:

Data (.bd, .frd, .dat, .zma, .csv, .cal)

prev—
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Anmerkung zu Messdaten in REW

* In REW erhalt man zu jeder Messung viele, nutzliche Daten.
* Diese werden hier nicht alle detailliert behandelt.

« ABER: Anhand dieser Daten kann man vieles ablesen und
es macht Sinn, sich damit auseinanderzusetzen.
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Nahfeld - rePhase

In rePhase pro Treiber

« Referenzmessung aus REW importieren
 Linearisierung Frequenzgang im Paragraphic Gain EQ
« Linearisierung Phase im Paragraphic Phase EQ

Output in dB kontrollieren und ggf. anpassen
(Measurement, bypass)

Filter generieren
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In rePhase H: Import Measurement ...

E H - rePhase 1.4.3
File View Help

Load Settings...
Load Recent Settings 4
Load Settings From Clipboard
Save Settings
Save Settings As...
Save Settings To Clipboard
Reset Settings

Import Measurement...

Import Measurement From Clipboard
Clear Measurement

Clear Result

Save Graph Screenshot As...
Save Window Screenshot As...

Exit
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h-ref.txt importieren

MUSIC
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B Offnen

&

Organisieren ¥

>

2z Dokumente

<« FIR-Dateien > HECO-PSM-1000-Workshop

Neuer Ordner

Name

Anderungsdatum

Typ GroBe

@ Evernote-Test- @ | h-ref.t

21.10.2025 18:11

Textdokument 27KB

@ Foto-Uploads

©@a General

o

Microsoft Cop

Microsoft Tear

Notebooks

Office Lens

Canndanre

Dateiname: | h-ref.bdt

v | measurement (*.bd,* .frd) v

Offnen |v

Abbrechen

e
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h-ref ist importiert

Bl H - rePhase 143
File View Help

MUSIC
WONDER

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q |

Output Settings Note

A
B ==

LEnrrrennnnnn
[TTTTTTITITTTT

[
2

S
g

|«

i
HE

FFT length {65536 v | samples
middle hd
" |use closest perfect impuise v |

windowing |hann -
~| to |-100 *| ¢B
rate |44100 ¥| Hz

format [64 bis EEE-754 (ab) ]

optimization |none

fiename ICorH

directory IC-\Users\E-d;an Tschaitschian\01

generate |

impulse delay: 8192 samples, 185.76 ms
max response: 0 dB, max impuise: -0.41 dB

Ranges | Measurement

import from file

impont from clipboard

bypass

gain offset [-80

dB

time offset |0 ysec

hide magnitude

hide phase

nven response

inven polarity

Hz]

ts ; 983 phase points

[-17 448, 83 848]

10 - . 180°
: 5 4 | § | N
. : S : | ¥ B e g 157.5°
: ; } : B ! Treanl
; ! ) : 1280
A ' . LT $ N
sy : R e %0
L A
3 ot T
2 ! e
-1 4 3
2 o i i H i
: : ( : L
a (e2s : " Y » 5
-4 % ' + - ¢ i
1' . . l. " .\
5 : : : ; . J . 00
2 i At Y ; RITES
b : 1 : 2 H |
3 : H Ey : ' ' EEC
-3 3 v o 5 v * ! H +
B ; Ak ; i ' 157 80
o : | : b : 1800
204z 0wz 1004z 200Hz 2Kz e 10KHz 20kHz
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Anzeige: So lasst sich besser arbeiten

E H - rePhase 1.4.3
File View Help

10

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fitters | Paragraphic Phase EQ | Paragraphic Gain EQ

Output Settings

+2 4I4

Note

Impulse Settings

taps (16384 samples
FFT length {65536 v | samples

middie

use closest perfect impuise

windowing |hann »

optimization |none ~| to |-100 *| ¢B

rate [44100 | Hz

format [64 bits EEE-754 (.dbi) |

centering

-
-

fiename |Corﬂ

directory |C Wsers\Bidjan Tschaischian\O1

generate I

impulse delay: 8192 samples, 185.76 ms
max response: 0 dB, max impuise: -0 .41 dB

N 157.5°
5 ___‘—__*_\\
. —_ 138°
: = e
: %0
4 = a7.5
2
ﬁ\__\ﬁ_r .
2 —— T
1 = as
0 —
-1
2
a
4
5
K
3
3
-10
500Hz Tk 2z Sz 10kHz

Ranges = Measurement

vews [ 2] ] | o | ow |

Ampltude m to m
Phase m to m
hide result phase below [-100d8 |

wrap phase m
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Erste PEQs im Paragraphic Gain EQ

E H - rePhase 1.4.3

MUSIC
WONDER

: u—v_ﬁh""“\h 157.5°
’ T v
Amplitude: durchgezogen [
Phase: gestrichelt

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters

+12

=

Paragraphic Phase EQ | Paragraphic Gain EQ

i
€
—
b
7

FIETTiNe]
W]

NN
(]
Lyl
Ll
RN

it

frrrrenl
L

borerind
R
brrnnrtnd
jJLrErerl

:vjlrmnimum-phase ~| Range [1208 ~|

Linnnl

N |

Tools v |

Presets v|

Lipnnl
R

S A
I

Lrennntl
R

T

NN
i

Impulse Settings

taps (16384 samples
FFT length {65536 v | samples

middie -

use closest perfect impuise il

windowing |hann »
~] to [-100 ~] @8
rate [44100 | Hz

centering

optimization |none

format [64 bits EEE-754 (.dbi) ~|
12 fiename |CorH
@ [0 2% [[07s [0 || 0o || 000 [[o00 [ 000 |[000 |[000 [[000 [[000 000 000 || 0.00 drectory [C\Users\Bidjan Tschatschian!Or
af [ 3 20 || 20 |[ 20 || 20 |[ 20 |[ 20 |[ 20 |[ 20 || 20 20 | z0 w—— l
| i neral
Mz [ 1438 5278 4141 2 95.212 || 157.49 || 250 390.85 (1629.98 || 1000 || 1587.4 [|2519.8 || 4000 | 8000 || 25398 -

hypass‘bynsslbypassihynass bypass | bypass | bypass | bypass | bypass

bypass by;:ass[bypass bypass | bypass | bypass | bypass | bypass |

impulse delay: 8192 sampies, 185.76 ms
max response: 0 dB, max impuise: -0 .41 dB

rot: vorher
blau: nachher

Ampitude |-10d8 v | to [10dB v
Phase m to Fﬂ-
hide result phase below [-100d8 |

wrap phase m
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Zwischenergebnis nach Generierung

Bl H - rePhase 143 - ful X
File View Help
10 180°
o 157.5°
g
- 13
s 125
5 _—
. a7
2
45°
2
, ns
0

A

4 Graphical EQ modification

7 Hz and dB: middie click or cti+click | [ | °
Q: mouse wheel b .135

-2

o
v

o

=

»

-10 : -180°
500Hz 1kHz 2100H; SkHz 10kHz 20kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q impuise Settings Ranges | Measurement |

taps 16384 samples : i— == % I3 e
Bank [01 ¥ EQtype [constantQ  v|[minimum-phase w| Range [:12dB w|  Tools ¥|  Presets ¥| . 3 . Views | 1 I copy
n -
o s Frequency [500Hz | to [20ktHz v |

middle -
centerin — Aaolinds !—_ 1088 <] to [tos8 =
4 use closest perfect impuise v | > _I I

Phase !-180' v| to |180° vi
windowing |hann vi

optimization |nune ll to I"'WLI a8 hide result phase below |-100dB 'i

wrap phase |yes vi
rate (44100 '[ Hz A 2

PEEEEnny
Lreennl
T O
Ll
LEELILT]
LEELILL

TELLIT)

(RN NEEN]

LIS LIS L |
FEE R

N BN
RN
Ferrren)
TETEEn|

RN

\I\IMI
m

jroeverernl

Sl
]
Ll
]

L1

=== =1= =1= == [EEIEE EEEE S format [64 bits EEE-754 (.dbl) =l
12 =l e = == =i e =] (e it ey e (= ﬁlen!mk\,ofﬁ
a8 [+089 |[+252 [[074 || 0.30 || 0.00 || 0.00 |[ 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 directory |C:\Users\Bidjan Tschatschian\Or
a[ e 3 B [[20 || 20 || z0 [ 20 || 20 || 20 [ 20 || z0 || zo0 || z0 || 2

0 20 20 |
generate
Hz | 3438 || 5278 || 141 2775 ||99.212 ||157.49 || 250 [|396.85 ||629.96 || 1000 || 1587.4 ||2519.8 || 4000 ||6349.6 || 10079 || 16000 || 25398 .

bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass impuise delay: 8191.994 samples, 185.759 ms
max response: 2.39 dB, max impulse: -0.17 dB
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Highshelf-Filter in Bank 02

MUSIC
WONDER

Bl H - rePhase 143 - X
File View Help
10 180°
s 157.5°
8
= 1250
B 112.5°
5 s0*
4 7.5
3
45
2
Flgar
0
-1 ; 2.5
2 M
45
3
-4 475
5 - 50
- Graphical EQ modification
L1125
3 Hz and dB: middle click or ctrl+click =
Q: mouse wheel RETD
3
-10 -180°
500Hz 2Hz Sz 10kHz 20kHz

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ

Tools v|

'”mmimum-nhase ;I Range ]: 12d8;|

Bank [02 ~ EQtype |shelving high

+12

(A
(OO
O]
(O]

(AR NN

Prvel
VEREEEE)
(]
RN

]
CUEr el

TUELLLT|
TIRILIT|

NN

(]
LT )
TILLLLT|
(]

5

[T
TEEELLLE|

l"i:l

NN
Lintinn
L

1L
[T Iinnl
bipining
TITTrny
birining
L
Liiiiini
L
L
T
JIirirrl
biittinl
PEELEnl
Linninni
I
Lintinnd
L
NN
L

11

Presets |

-12

a8 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 || 0.00 || 0.00 0.00 0.00 0.00
Q| 20 1 20 20 20 20 2.0 20 20 20 20 20 20 20 20 20 20
Hz | 5778 || 10000 )|39.372 || 62.5 ||99.212 ||157.49 || 250 ||396.85 ||629.90 || 1000 || 1587.4 ||2519.8 || 4000 ||6349.6 || 10079 || 18000 || 25398

Dypass | bypass | bypass |bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass |bypass | bypass | bypass | bypass | bypass |bypass

Impulse Settings

taps 16384 samples
FFT length [65536 'i samples
middie

-
centering —
use closest perfect impuise v |

windowing |hann vl

optimization [none ~| to |-100 | B

rate [44100 | Hz

format [64 bits EEE-754 (.dbl) ~|

fiename ]Corﬂ

directory 1C'wsers\andjnn Tschaitschian\O1

generate I

impuise delay: 8191.994 samples, 185.759 ms
max response: 2,39 dB, max impuise: -0.17 dB

Ranges | Measurement |

Frequency [W to [m
Ampltude Im to m
prase [120 =] o [0 =]
hide result phase below I'm
wrap phase m
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Anmerkungen zur Hochtonenergie

« Hier im Workshop linearisieren wir den Hochtoner.

* Wir werden spater sehen, dass das fur die HECO im
obersten Frequenzbereich nicht notig ist.

« Verliert ein Hochtoner auf Entfernung sehr viel seiner
Energie, ist eine Abstimmung mit mehr Hochtonenergie im
Nahfeld ggf. besser.

 Das Verhalten kann sich zwischen Treibern stark
unterscheiden und man muss am Horplatz Uberprufen, wie

viel Pegel noch ankommt.

« Das Schone: Wir konnen die Highshelves mit zwel o lilh{

Klicks zuricknehmen. b hh'
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Banke in RePhase

* 17 Einstellungen pro Bank

* Nur 1 EQ Typ pro Bank maoglich, z.B. PEQ (constant),
Highshelf (shelving high) oder Lowshelf (shelving low)

* Im Nahfeld minimalphasig korrigieren (minimum-phase)
d.h. die Phase ,zieht® mit, wenn wir die Amplitude korrigieren

In der Regel verbessert sich der Phasenverlauf mit den Korrekturen der
Amplitude im Nahfeld

Tipp: Die ersten 5 Banke (01 — 05) fur Basiskorrekturen
reservieren und weiter hinten liegende Banke fur
Raumkorrekturen verwenden.
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Feinschliff bei den PEQs in Bank 01

Bl H - rePhase 143 - ful X
File View Help
10 180°
® 157.5°
: \\
135
B 112.5°
£ £
4 875
3
45
2
, 2250
0 o
2 228
2 ]
i
3 n‘,
% 475
5 b s0*
- Graphical EQ modification
F-1125°
3 Hz and dB: middle click or ctrl+click ‘
Q: mouse wheel b 1350
3
10 -180°
500Hz 1kHz 2kHz SkHz 10kHz 20kHz

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q

Tools ~|

RN

L

jroeverernl

NN
]

NN

EQ type Iconstont Q

Lt

N
OO

froerernl

frnnnnn

]
Ll
]
Ll
TELTELT

iy

AR
PLELnil

Pl

| [minimum-phase ~|

Lrrrnnl
LErrree
LELIELE

CUEr el

A
e
N
FErErrel

Range I: 1248 :]

PEETELL

sl

(AR NN

biittinl
R

(RN NEEN]

Linninni
I

TELLIT)

jreerrrl

NN
DL

Presets

=

+0.89 ||+252 || -0.74 || 0.30 4 0 | 134 30 ' 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8.0 40 4.0 6.0 8 g |’f 8 20 20 20 20 20 20 20 20
358 5278 4141 2775 350 910 7755 [T 10751 || 1000 || 1587.4 [|2519.8 || 4000 |{6349.6 || 10079 || 18000 || 25398

bypass | bypass | bypass | bypass | bypass lamss lbwass ! hymslhyp:sslbypass bypass | bypass | bypass | bypass | bypass | bypass | bypass

Impulse Settings

taps [16384 samples
FFT length [65536 | samples

middle
use closest perfect impulse

windowing |hann vi
~| to [-100 ~] @B
rate [44100 -[ Hz

format [64 bits EEE-754 (.dbl)

centering

-
-

optimization [none

=l

filename |CorH

directory |C'\U5er5\B|djun Tschaitschian\O1

generate |

impuise delay: 8191.971 samples, 185.759 ms
max response: 2,62 dB, max impulse: -1.71 dB

Ranges | Measurement |

Frequency M to lm
Ampitude [1008 ~| to [1008 =]
Phase m to [ﬂ
hide resul phase below [-100d8 |
wrap phase m
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Tipps zu Paragrahic Gain EQ

« Mit moglichst kleinen Qs arbeiten (Q <= 8)

« produzieren eher sanfte Korrekturen in einem grof3en Frequenzbereich
und beeinflussen die Phase wenig

* Grof’e Qs vermeiden (Q >= 8)

« produzieren eher scharfe Korrekturen in einem kleinen Frequenzbereich
und beeinflussen die Phase stark

 Nutzliche Qs 0.5, 1.0, 2.0, 4.0, 6.0, 8.0

* Keine Angst vor vielen Einstellungen
« bei FIR wird als Filter eine Impulsdatei fest vorgegebener Grol3e generiert

« Gezielt Shelving Filter einsetzen
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Phase korrigieren (Paragraphic Phase EQ)

E H - rePhase 1.4.3
File View Help

10
bl G -
. z
8 & s,
] S il TG
3 PGy o e
2 b Bt L E TR e
1 - — =
-1
2
3
. Mit Gefuhl auf die
: Nulllinie!
s utiiinie!
3
-10
S00Hz TkHz 2xHz SkHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ Impulse Settings
taps 16384 samples
Bank [01 ~ Range |£90° ~ Tools ¥ Presets
g =l = = FFT length [65536 ~| samples
‘sctfjlftjjfjfjfjfjftftfjftfjftfj,—jfjf middie v
= E|IFE(EE|EEIEEIEHE  S2EEE I TFEIEEFSE|EE |I2AEIEE (I EEEEIIEE centering —
== SkE | ZE 2 | EEIEE | EEIEE | ZE 1 EE [ EE I EE EIE IEE | EE EIEIEE use clossst perfect impulss [v']
El= SE | ZE2EIIEE IS EIZEISE BEIIHE| ZEISEISE|ZEISEISE windowing [nann =]
HEE 3 % % % optimization [none ~| to |-100 | B
= = : = - >

rate |44100 Lj Hz

; E ; g g E ; ; ; ; E ; ; ; ; ; E ; ; format [64 bits EEE-754 (db) |
e = = = =1 = == = = = = == === ﬁlename|CorH
+ [4222 [ees[[==2 [ o000 [[ 000 5% [0 oo om0 |0 [0 0w | drectory |C:\UsersiBidjan TschatschianiOr
al 2 20 20 20 20 Il 20 20 =0 50 I 20 20
Hz ! 25 1500 az2n IET 5’5‘:"2 157.49 Z!; 3;-‘55 829.98 "3;:- 1;5: 4 ‘ Z;; 8 4:4::3 : 83458 g |

bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass
|

impuise delay: 8191.987 samples, 185.759 ms

max response: 2.42 dB, max impuise: -2.13 dB

10kHz

Ranges Measuremenli
e IET R RN DTS
Frequency [S00Hz ~| to [20kHz v

0
Ampitude [-10d8 ~| to [100B
0

Phase |-180' ~| to |180° |

hide result phase below [-100dB v |

wrap phase |[yes  v|

L
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Tipps zu Paragraphic Phase EQ

Mit moglichst kleinen Qs arbeiten (Q <= 2)

produzieren eher sanfte Korrekturen in einem grof3en Frequenzbereich

« Grol3e Qs vermeiden (Q >= 2)

produzieren eher scharfe Korrekturen in einem kleinen Frequenzbereich

» Ndutzliche Qs 0.5, 1.0, 2.0

 Die ,korrekte” Phase kommt von links oben und lauft auf die
Nulllinie.

 |dealerweise verlauft die Phase im horbaren Spielbereich
des Treibers entlang der Nulllinie.

 Nutzliches Bild: Von links nach rechts soll eine Murmel auf
der Phase entlanglaufen konnen, ohne zu holpern.
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Das sieht sehr gut aus!
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Bl H - rePhase 143 - X
File View Help
10 180°
. 15750
8
- 138
L] 112.5*
5 s0°
' a7
3
45°
2
1 2y
0 0
-1 2.5
2
450
3
44 7.5
5 0
[5.24] EIEF
T
-135¢
e
P -157.5°
-10 - -180*
500Hz 1kHz ZHz | 2855H: | SicHz 10kHz 20kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ | impulse Settings Ranges | Measurement |

Bank [01 o

FEEERERERET |

Ll
]

|

frrrrres

brnenen

LT )
TILLLLT|

=

Lt
L

bipining

LI

birining

jrrrernd

DL

Liiiiini
[T ITirl

el
VEREEEE)

L

Range ]: 90" v|

(NN

T
JIirirrl

T T
R

biittinl
jrrerend

EE

(R

R

Linninni

Tools v|  Presets v|

Linpeenl
(D]

jreerrrl

Lintinnd

O]
(O]

NN
DL

2

0

+ | 4222 ||+33.89 || [EER || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 | 0.0

al 1 2 20 (| 20 || 20 20 [| 20 [ 20 || 20 || 20 || 20 || 20 | 20 || 20 || 20 || 20 || 20

Hz | 2500 || 15000 [| 8211 || 825 [[se.212[[157.45 | 250 |f3s6.85 [629.96 || 1000 [|1587.4 ||2519.8 || 4000 [[6349.8 [| 10075 || 18000 [| 25398
bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass

taps |16384 samples
FFT length [65536 ~] samples

middie -
centering —
use closest perfect impuise v |

windowing |hann vl

optimization [none  ~| to [-100 ~| 4B

rate (44100 'I Hz

format [64 bits EEE-754 (.dbl) ~|

fiename ]Curﬂ

directory 1C'wsers\adjnn Tschaitschian\O1

generate I

impuise delay: 8192.079 samples, 185.761 ms
max response: 2. 42 dB, max impuise: -2.87 dB

Frequency lm to [m
Ampitude Im to m
Phase m to Im
hide result phase below Fm
wrap phase m

98



MUSIC
WONDER

Bypass Check: Der Filter ist ,,zu laut“

Bl H - rePhase 143 - ful X
File View Help
. 180°
: 157,50
g
s 125
g Ca. 2,5 dB zu laut
4
3
2
1
-1
-2 =
3
)
5 00
B -112.5°
J
138
3
K- -157.8
= — ET
500Hz bz 2Hz BkHz | 10kHz 20kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q | Impulse Settings Ranges | Measure

taps |16384 samples impont from fie import from clipboard
Bank [01 ~ Range [£90° Tools v|  Presets v| p—— |-—»
FFT length [65536 ~| samples p cear

middle gain offset |-80 dB

-
centerin —
2 use closest perfect impuise v | time offset |0 usec

hide magnitude hide phase
windowing |hann ~| =

inver response invert polarity
optimization [none ~| to |-100 | B

rate (44100 Ll Hz

format [64 bits EEE-754 (.dbl) =l

L

L
L
w

I

bonintnd
i
b
i

filename |CorH

+ [42z2|[+38e9 [ 233 |[ 000 |[ 0.00 [[ 0.00 || 0.00 |[ 0.00 || 000 |[ 000 [[ 000 || 000 |[ 0.00 [[ 000 |[ 000 [[ 0.00 [[ 0.00 directory |C:\Users\Bidjan Tschatschian\O1

Q 1 2 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 generate |
Hz | 2500 || 15000 || 8211 || 82.5 [|99.212 ||157.49 (| 250 356.85 |629.98 || 1000 || 1587.4 ||2519.8 || 4000 [|6349.6 (| 10079 || 18000 || 25358
bypass | bypass | bypass | bypass | bypass | bypass | bypass E bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass impuise delay: 8192.079 samples, 185.761 ms

max response: 2. 42 dB, max impuise: -2.87 dB
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Erlauterung: Measurement bypass

rePhase zeigt das Ergebnis nach Filterung an

« fur den zuletzt generierten Filter in rot
- fUr die aktuellen Anderungen nach der letzten Filtergenerierung in blau

« Bei Auswahl von ,bypass” im Bereich Measurement wird der

Filter selbst angezeigt.

« Man erkennt, wie mit dem Filter der Frequenzgang und die Phase
beeinflusst werden.

« Um Clipping zu vermeiden, soll der FIR Filter nicht
,boosten”.

« Daher den Pegel so senken/anheben, dass der Filter knapp
unterhalb der Nulllinie liegt.
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In den Output Settings korrigieren

MUSIC
WONDER

E H - rePhase 1.4.3 - (u] X
File View Help

10 180°

: 157 50

g

135

8 1125

] S0%

4 a7 8¢

3

45

2

o | SR =k f

3

4 T8
5 3 =0
0,0 dB nicht | —~_ —~
7 -m L ] as
: uberschreiten
P -157.5
-10 -180°

S00Hz 1kHz 2kHz SkHz 10kHz 20kHz

Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ Impulse Settings Ranges | Measurement
faps |16334 samples import from fie ] import from clipboard
utpu gs Note
FFT length [65536 ~] samples | bypass cear
. middle = gain offset |-30 dB
centern —
e use closest perfect impuise v | time offset |0 usec
hade magnitude hide phase
windowing |hann ] e
nvert response nvert polanty

norm

L4l

optimization [none

rate |44100 R

~| to [-100 ~] @B

Hz

format [64 bits EEE-754 (.dbi)

=l

filename |CDrH

directory |C-\User5\B|d;an Tschaitschian\O1

generate

impulse delay: 8192.079 samples, 185

max response: 2.42 dB, max
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Generieren und fertig

Bl H - rePhase 143 - ful X
File View Help
10 180°
o 157.5°
8
- 13
8 112.5°
5 00
4 a7.5*
3
45°
2
1
Q

500Hz 1kHz 2kHz

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q | Impuise Settings Ranges | Measurement
taps |16384 samples import from file | import from clipboard

Output Settings Note
FFT length [65536 ~| samples | bypass e

2 - i = gain offset [0 a8
centerin, — 3
- use closest perfect impulse v time offset |0 usec
0 Pt
hy
windowing |hann - B e o o
nven response invent polarity
optimization |none ~| to |-100 *| ¢B —
mag points ; 589 phase ponts
rate (44100 v| Hz 7.448, 83.808)
format [64 bits EEE-754 (.dbi) |
24 fiename ICorﬂ
@[22 directory [C\Users\Bidjan Tschaitschian\Os
polarity | norm v | v generate I
tme |norm v —_——
— impuise delay: 8192.079 samples, 185.761 ms

max response: -0.1 dB, max impuise: -5.39 dB
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Nicht vergessen: Filter in Musicwonder
WebApp hochladen

Filter

H CorH.dbl v (:) att 3 del o0
CorH.dbl

M att 3 del 0
(J upload filter

B | delete filter att 3 del 0

Q bypass filter
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Nahfeld — REW Filter prifen

In REW pro Treiber mit dem neuen Filter

« Korrekturmessung
» Uberprifung von Frequenzgang und Phase
« Wenn notig: Nachkorrekturen im REW EQ vorbereiten

Diesen Vorgang spater auch mit nachkorrigierten Filtern
wiederholen.
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1 Korrekturmessung aus letzter Position

Make a measurement

Type: SPL Impedance

Name: h-check Add number B
Add date/time B
° Use as entered

Will appear as:
vill app Prefix with output

h-check Append level

Add to group

Notes:
&) Keep for next measurement
Enter notes about the measurement here
Start Freq £narreq
Range: 20 ¥ 2050 v Hz
RMS dBu
-
dBv
-15 dBFS
Volts
w

© ders

Warnings: Low levels, High distortion, Low SN =

No abort triggers selected v

Ready to measure...

Method: Sweep
Length

Settings: 256k ¥

Timing: No timing reference

Set t=0 at IR peak

Playback: From REW

Sample rate: 44,1 kHz v
Mode: Single measurement
Setup: Start delay 15

Qutput: 2: Qutput 2

Sec. output:

Options: None selected

) Capture noise floor

FSAF

Repetitions

From file

Calibration files...

Input 2
Input: on Focusrite USB ASIO
Check levels
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Ergebnis unbearbeitet

grune Kurve

MUSIC
WONDER

File Tools Preferences Graph Help Donate Pro upgrades REW V5,40 Beta 103 = a X
i S .~ . N N~ + = 42
~ B O W g3 Il 72 s E@ i X7 4
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
&1z = Show all ¥ FS
e €. ¥
SPL & Phase | AlISPL | Distortion = Impulse | Filtered IR GD | RT60 | RT60 Decay Clarity Decay Waterfall = Spectrogram = Captured -y
s /’¢ BU Capture Separate Scrollbars Freq. Axis Limits Controls
SPL
r“ 2h .
-
| /—(‘ 3:h
99,0
4: h-ref
u [ 5: h-check &2
- Sl b Lty m v!ﬁ#ﬁ%&\* "WM,
L B VT LT T
w»'n'
85 w i
Tl
Pfl
,‘a‘.“ 4
80 N
d\lMVf
75 af
/Y
. N
70 W
W
v
65 f
¥
60 ’J
¥
55 r“
50
500 600 700 800 900 1k 2,074k 3k 4k Sk 6k 7k 8k 9k 1k k 14k k k 20kHz
4 b
) 4 f y {1/sg | ) 5: h-check - 88,0 dB
195/626MB 44,1 kHz Int32L in, Int32L out, 1024 0000 00 32-bit input data Max input 120 dB SPL Right click graph or measurements for actions
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Der Impuls

Overlays

Il

F
1
>

4: h-ref

o/ 5: h-check

Show all +

MUSIC
WONDER

sitzt richtig - keine Korrektur

SPL

Predicted SPL

Phase

Predicted Phase

Level

Linearity = Distortion | Impulse

ETC

Step GD

RT60 | Clanty

)
€«>
(§

-200

-136u  -120u -100u

4

-80u

-60u

-40u

-20u

0

20u

35,8uju

60u

@ 5:h-dl

80u

100u

120u

140u

160u

180u

200u

e e

220u 240u 260us

>
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Align SPL mit den gleichen Einstellungen

File Tools Preferences Graph Help Donate Pro upgrades REW V5,40 Beta 103 = a X
f o) S d AN N~ + - [
= M EH X O W I Y i E® i X7 7
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
& 12 = Show all v
. L 1-:% 08
SPL & Phase | AlISPL | Distortion Impulse  Filtered IR GD | RT60 RT60 Decay Clarity Decay Waterfall Spectrogram Captured -y
- F AL Capture Separate Scrollbars Freq. Axis Limits Controls
SPL
L [zn .
@®
LD ®
4: h-ref SPL -
u [T 5 h-check <
90
85
iyt ' i il | '
) e el T Al v
g
T |
75 { f’»"' . |
wl .
N Align SPL X
70 ),w
Use average SPL of measurements
& '
& IH © Use SPL specified below
A
1 .
i Alignment level (dB): 800 ¥
60 A
| v
W"’ Available range: 20,33 Hz to 22,05 kHz
55 /
"J Alignment centre: 63kHz ¥
! j | 10..250
50 h Alignment span (octaves): 1w —
e e
N I h‘ OK Abbrechen
500 600 700 800 900 1k |2_ = 8k 9% 10k 111 k 14k 16k k 20kHz
4 b
@ 4 f y {1/48 } @ 5: h-check _ 79.9dB
171/622MB 441 kHz Int32L0n, Int32L out, 1024 C 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Smoothing wie vorher mit FDW = 6 cycles

File Tools Preferences Graph Help Donate Pro upgrades

r i Ao 4 A N~ + - 8%
I A = = -
a0 M X O W w v Il %~ i E@ W 37 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arnthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
& = Show all ¥ P -
L) ‘—‘ : : €. OF
z SPL & Phase | AlISPL  Distortion = Impulse Filtered IR  GD RT60 RT60 Decay Clarity Decay Waterfall Spectrogram Captured -
[\/‘ h Capture Scrollbars Freq. Axis Limits Controls
A 20k IR Windows - X ® 180,0] .
< h h-check e
150
Left: Rectangular -
2, 200k hd
7 2 Right: Rectangular v 120
B ok Leftwidth (ms) 500 % 20
4 =211
/ | h-ref Ref Time (ms): 0,000 %
2 [ o Right width (ms):  1.000 % i
5 et 7} hchad Freq. resolution: 1,00 Hz - | — e — e e e e — g
{ Span in samples: 66.150 = N
0 .'I 200k
AddFDW Gcycles % = \ 0
l“.
,.’”" .30
Add MTW /
/ {-60
Multi-time 1.000.. 1,1 ms ¥ '
Save settings as preset ‘-, -90
Show presets
-120
Apply wind to all
PPRly windows to al 10..250
I =
Apply to all, keep ref time 20 ., 20k 10
Apply to All SPL selections [ e v
Apply to Impulse overlay selections 0 700 800 900 1k 2,074k 3k 4k Sk 6k Tk 8k 9% 10k k k 20kHz
»
h-check [FDW) —{1/as}- 80,0 dB ) Phase Vi 15 deg v
v Mic Cal 03dB Soundcard Cal -0,0dB

251/565MB 44.1 kHz  Int32L in, Int32L out, 1024

32-bit input data Max input 120 dB SPL Right click graph or measurements for actions

109



Da geht noch was

Remove all

Help Donate

Pro upgrades REW V5,40 Beta 103

W TP

Il 2 i E®@ Wi %7

Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic

REW is free software, but if you can afford to please click here to make a donation to help support its continuing development

SPL & Phase | AllSPL Distortion Impulse | Filtered IR GD RT60 | RT60 Decay = Clarity Decay Waterfall Spectrogram = Captured

MUSIC
WONDER

Preferences

x

+ ar
“v?

Scrollbars Freq. Axis Limits Controls

File Tools Preferences Graph
e ] =]
] &S H§ i
Measure Open  Saveall
»| = Showall ¥
v N -
Capture
. ’ 200k
105,0
2h -
/ﬂ\/\ @®
2. Coto 100 ©
T SPL
’ 95
= 200k
ah-ret
{ \ 90
2 | 20k
5h-check 85
20, | a0k
80
6h-check2
20 | 20k 75
7m
/\'\ 7
E;A 200k
8m 65
60
9m
ﬂl_ 200k 55
10 m- e
2 20k 499
4
M m-chec
2 /—Q -
346/420MB  44.1kHz Int32Lin, Int32L out, 1024

600 700 800 90

) h-check [FOW
v

-0,0dB

Py IR

© 150
120
90
60

30

-120
10..250
20.. 20k

e ®

16k 18k 20kHz

-150

-
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Finetuning mit dem REW EQ von Hand

EQ for measurement 5 h-check = o X
»
= % & [ J 3 6 10 "
h-check
Extended
PK v PK v  PK ¥ None ¥ None ¥ None ¥ None ¥ None ¥ None ¥ None v N
N
Headroom: 14dB  4340Hz = + 5600Hz — + 6970Hz — + one
Biquads: 3 1508 = + +1508 | = + 00 =k iese 3 E S thmic interpolation
8000 = + 8000 - + 8000 = + E Q
Show all Hide all = : - curve
s .
, P ’ ubernehmen wir .
Sort Ascending i Auto EQ Auto EQ v Auto EQ (v) Auto EQ (V) Auto EQ v] Auto EQ v
e manuell in rePhase :
80
[7721} Target Level (dB SPL) 800 ¥
Calculate target level from response
5
Generate measurement from target shape
Filter Tasks A
70 Match Range: 20 $ to 20000 ¥ Hz
Individual Max Boost: 0 ¥ dB
Overall Max Boost 0 % dB
Flatness Target: 3% dB
- Allow low shelf to dB
Allow high shelf to dB
10..250 Allow narrow filters below 200 Hz
20 .. 20k
= e®
1,0k 1,585K 2,0k 3,0k 4,0k 5,0k 6,0k 7,0k 8,0k 90k  10kHz Match response to target
4 »
@ h-check [FDW] ey 201 dB @ Vi R 800 dB Manual optimisation controls
= ) Optimise gains

Optimise gains and Qs
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Nahfeld - rePhase Nachkorrektur

In rePhase pro Treiber

 Ubertragung EQs aus REW EQ
im Paragraphic Gain EQ

« Bei Bedarf Phase nachkorrigieren
im Paragraphic Phase EQ

* Qutput in dB kontrollieren und ggf. anpassen
(Measurement/bypass)

» Filter generieren
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EQs aus REW ubernommen in rePh

MUSIC
WONDER

ase

Bl H - rePhase 143 - ful X
File View Help
10 180°
. 157.5°
g o Shnes
e 135t
s e L 112.5*
5 ---‘*.. 90°
‘ a5
3
457
2
1 .u.-"‘--.._ s
0 ALV ———— e oo tmmmmee
2
a \/
-4
5 - -50°
- Graphical EQ modificatiol
F-1125°
3 Hz and dB: middle click or ctri+cli ‘
Q: mouse wheel L1380
3
9 L 157,60
”
10 -180°
500Hz TkHz 2&Hz Sk 10kHz 20kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q impulse Settings Ranges | Measurement
taps |16334 samples m
port from file import from clipboard
Bank [03 ~ EQtype [constantQ  v|[minimum-phase w| Range [:12dB w|  Tools ¥|  Presets ¥|
FFT length 165536 v | samples bypass cear
oy | S ) - e = = = | == | == i = gain offset [-80 dB
= = = = = =l = = == ZE S IEENEEIEIEIEE |SiElSIE ] EE centerin = 3
=== == | =l -I- e EEEEE R EERERE RS EE - use closest perfect impuise | time offset |0 usec
= E == = - = E = E === E = = windowing |hann = ——r o
= -—- - - - nven response invert polarity

~| to |-100 *| ¢B
rate (44100 ¥| Hz

format [64 bits EEE-754 (.dbi)

optimization |none

T
TE
A0

[N

o

L
biittinl
DL
NN
DL

NN

fiename ICorﬂ

a8 [-150 [[+150 030 [[000 [[ 000 [[000 [ 000 [[ 000 [ 000 || 000 [[ 000 [ 000 [[ 000 |[ 000 [[ 000 [[ 0.00 || 0.00 directory [C:\Users\Bidjan Tschattschian\Or
Q 8 8 E 20 20 20 20 20 20 20 20 20 20 20 20 20 20
generate |
Hz | 4340 5850 || es70 825 ||99.212 ||157.45 || 250 |§396.85 ||629.90 || 1000 || 1587.4 | 2519.8 || 4000 ||8349.8 || 10079 || 16000 || 25398
bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass impuise delay: 8192.079 samples, 185.761 ms

max response: -0.1 dB, max impuise: -5.39 dB
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Bypass Check - Korrektur erford

E H - rePhase 1.4.3
File View Help

MUSIC
WONDER

erlich

10

9

@

-10

500Hz

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fitters | Paragraphic Phase EQ

Output Settings

2

0

Paragraphic Gain EQ

SkHz

Impulse Settings

taps 16384 samples
FFT length [65536 ~| samples

middie

-
use closest perfect impulse ol

windowing [hann :_]

optimization [none ~| to |-100 | B

rate |44100 Lj Hz

format [64 bits EEE-754 (.dbi) |

centering

filename |CorH

directory |C-\User5\B|djan Tschaitschian\O1

generate |

impulse delay: 8192.08 samples, 185
max response: 0.62 dB, max impulse:

10kHz
Ranges ‘ Measurement

import from fie ] import from clipboard

I bypass cear

gain offset |-30 dB
time offset |0 usec

hide magnitude hide phase

invert response invert polarity

name: h-ref
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Nahfeld - REW Filter erneut prufen

In REW pro Treiber mit dem neuen Filter

« Korrekturmessung
» Uberprifung von Frequenzgang und Phase
« Wenn notig: Nachkorrekturen im REW EQ vorbereiten

Diesen Vorgang spater auch mit nachkorrigierten Filtern
wiederholen.
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Kontrolle in REW: vorher/nachher

File Tools Preferences Graph Help Donate Pro upgrades REW V5,40 Beta 103 = a X
i S .~ . N N~ + = 42
~ B O W g3 Il 72 s E@ i X7 4
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
& 12 = Show all *
. — *':" ©F

SPL & Phase | AlISPL | Distortion = Impulse | Filtered IR GD | RT60 | RT60 Decay Clarity Decay Waterfall = Spectrogram = Captured
s FLh Capture Separate Scrollbars Freq. Axis Limits Controls

SPL
r“ 2h .
.
kL D e
7 4 heref gg SPL -
. 5: h-check
2 86
1 6 h-check2

-
82
80 —_— e '*{'_j.-

78

75 49'[

74

72
70

58 10.. 250

20 .. 20k
e e
500 600 700 800 900 1k 1,569k 2k 3k 4k Sk 6k 7k 8k 9% 10k 111 k 14k k k 20kHz

66

&) 5: h-check [FDW] —{E}— 80,1 dB () & h-check2 [FDW] —{E}— 80,1 dB

711/778MB 44.1 kHz Int32L in, Int32L out, 1024 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Kontrolle in REW: SPL & Phase

File Tools Preferences

MUSIC
WONDER

Graph Help Donate Pro upgrades REW V5,40 Beta 103 = a X
f o) S d AN N~ + - [
i X O W w Il ¥ i E@ i X7 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
&« = Show all ¥ FS F
- /—" = : Lo ©F
1 —! SPL & Phase | AllSPL = Distortion Impulse Filtered IR  GD RT60 RT60 Decay Clarity Decay Waterfall Spectrogram Captured -y
[\/‘h Capture Scrollbars Freq. Axis Limits Controls
. 200k « 105 0'[ 180.0] .
: ® ®
h
100, © - - © 150
2, 200k SPL v
3 [..,/\ h 95 120
(= 200k 9 90
4 T \ h-ref
f 85 60
) | 200k
5
h-check 80 | o — — — S S —— — 30
/"/ \\
20| 200k - \\
75 —~ \—+0
6 [\ h-check2 / )
[ / \
| / A
o | oo 70 4l “A--30
/ \
/ \
65 / \/-60
60 £/ -90
55 -120
,/
10..250
50 / 0.2 |0
i ee .
soo[s43) 600 700 800 900 1k 2% 3k o Sk 6k 7k s 9% 10k 11 13k ko 20kHz
4 »
) h-check2 [FOW] —{/as}- 246dB (/) Phase Vsl 154 deg v
v Mic Cal -0,2dB Soundcard Cal -0,0dB

483/624MB 44,1 kHz Int32L in, Int32L out, 1024 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Zwischenstand und nachste Schritte

 H ist linearisiert: Basisfilter CorH.dbl vorhanden
« EsfolgtM

auch ausfuhrlich dokumentiert mit etwas weniger Details

* Die Vorgehensweise zur Linearisierung von M ist identisch
wie bei H.
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Weiter mit M

1. Abstand immer
etwas grolder als
Treiberdurchmesser




Nur den Mitteltoner einschalten

Filter

H

M

CorH.dbl

CorM.dbl

CorB.dbl

att

aft

att

MUSIC
WONDER

del 0
del 0
del 0
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Volume-Check mit SPL Meter/Generator

Pegel auf 85-90

dB(C) S

|
I

e Alc|z Fls] HP

No limitset

dBFS
—
L Oy T R O T T T L F O T T |

.70 -60 .50 -40 -30 .20 -10 0

<100 80

MinMax Elapsed Time Calibrate -
n NmM
Reset All uiuu:a

Logger

Output 2 on Focusrite USB ASIO

Tones Multitone Noise
Pinkrandom | White random Pink Periodic White Periodic
Full range Octave
Sub Cal (30 to 80 Hz) 1/3 Octave
© Speaker Cal (500 to 2000 Hz) Custom
CTA-2034 v
Speech CEA 2034-filtered noise

Uncorrelated

Gaussian

RMS dBu
-

dBV

-15 dBFS .
v

601dBFspk @ dBFS

Sweeps

FSAF

Calibrate
level

FS sine Vrms

1,0000 V

r

Play Save to file

Output

SPL limit (dB): 2: Output 2
Stop if heavy input clipping occurs

Send signal to timing ref output Invert second output
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3 Messungen - nach jeder das Mikrofon
ein paar Zentimeter nach hinten ziehen

Make a measurement

Type: SPL Impedance Method: Sweep FSAF
Name:  m Add nursibes = Length Repetitions
€ ISEL
Add date/time B BEngs o~ -
° Use as entered Timing: No timing reference b4
will 5:
it Lt Prefix with output Set t=0 at IR peak v
m Append level
Add to group
Notes:
[¥) Keep for next measurement Playback: From REW From file
Start Freq End Freq Sample rate: 44.1 kHz v
Range: 20 % 22050 ¥ Hz
Mode: Repeated measurements o
RMS dBu Setup: Start delay 15, 3 measurements, Between delay 2. ¥
-~
dBV
Level: - 1 5 d B FS Volts Output: 2: Qutput 2 v
w
© ders Sec. output:
Options: None selected o
Warnings: Low levels, High distortion, Low SN ¥
No abort triggers selected v
Ready to measure...
0%
- ¥) Capture noise floor
Input 2
Input: on Focusrite USB ASIO
Inpi: Calibration files...
Check levels Start

v 59s

=

Abbrechen
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3 Messungen fur den Mitteltoner

File Tools Preferences Graph Help Donate Pro upgrades REW V5,40 Beta 103 = [a] X
. e BE  BE - A~ o S
i - Qﬂ@ wom vV @I E@ lih &’ V4
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development ®
«liz = Show all ¥ » FS <
2 ‘ A= e
L9 SPL & Phase | AlISPL | Distortion Impulse @ Filtered IR GD | RT60 RT60 Decay Clarity Decay Waterfall Spectrogram Captured - + o
s [-q h Capture Separate Scrollbars Freq. Axis Limits Controls
L [(zn . [105,0F
@
= ®
100
| 4: h-ref SPL i

=
4
3

20 .. 20k
. CC]
200 300 400 500 600 700 800 900 1k 2%k 3k 4k 5k 6k 7k 8k 9% 10k 13k 15k 17k [19.94k
4 »
7m e 79,7 dB &m - 79,0 dB @ 9m _ 76,6 dB
111/212MB 441 kHz Int32Lin, Int32L out, 1024 0000 H0CO0000 X0O00CC. 0000 0032 32-bit input data  Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Overiliay Impulse Check

MUSIC
WONDER

Overlays = o X
Lz = Showakl & e SPL = Predicted SPL | Phase Predicted Phase Level Linearity Distortion | Impulse | ETC | Step GD RT60 Clarity (‘}:’7 GI'D 0,
[ 2
f—
2l
™ =
_ Hier muss t = 0 sein
]
i | 7
V4 7:m /:-’
Vs B /:
ul o ; 40 /
WL/ %m /:/ ,/
/ i
20 P
F & §
_\—’//’ s
\\\ %
0 \“
AN
20 L
40
-60
-80
-100
- Fehler: Hier wurde o
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- =0 gesetz S

V] 7:m

124



Korrigiert: Impuls beit =0

Overlays

« 12

Show all +

MUSIC
WONDER

= (] X
e SPL ' Predicted SPL = Phase Predicted Phase Level Linearity Distortion | Impulse ETC  Step GD RT60 | Clarity n%:—’f C-I-) W
%
®
<]
100/ ¢ -
=
7N
/i \:‘\
-20 —
-40
-60
-80
-100
@
-104,0u -90u -80u -T0u -60u -50u -40u -30u -20u ~10u  [-0.0u 10u 20u 30u 40u 50u 60u 70u 80u 90u 100u 110u 120u 130u 140u 150u 160us
4 »
\_ZJ 7:m \?\ ZI & m 7

I
o
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Phase mit t = 0 an der korrekten Stelle

SPL | Predicted SPL | Phase | Predicted Phase = Level | Linearity Distortion Impulse ETC Step GD RT60 | Clarity

A= i O

Overlays
« iz = Showall v ]
F h
L ["" h
[T3n
..4 | 4: h-ref
5 F h-check
A F'_‘ h-check2
IJI/\-‘,\ m
J/\V\ &m
hL/\""\g:m
i
{
§
.
i
i
200 300
4
7:m

400

[ 10..250
‘: 20.. 20k
\ CC
600 700 800 900 1k 2k 3k 4k Sk 6k 7k 8 9% 10k 13k 5k 17k 20kHz
»
161 deg 8:m  — 162 deg @Maem _— 164 deg
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Align SPL (rechte Maustaste)

REW is free software, but if you can afford to please click here to make a donation to help support its continuing development

Pro upgrades

REW V5.40 Beta 103

/S

Scope

I a3

IRwindows SPL meter Generator

A e E@ il %7

Overlays  RTA EQ Roomsim Arthmetic

SPL & Phase | AlISPL | Distortion Impulse @ Filtered IR GD | RT60 RT60 Decay Clarity Decay Waterfall Spectrogram Captured

MUSIC
WONDER

Preferences

x

~e= < @

Separate

Scrollbars Freq. Axis Limits Controls

File Tools Preferences Graph Help Donate
- 2 | e
A &S id Eﬁ 6
Measure Open Saveall Removeall Info
«liz = Show all ¥
-
[-’1 I:h Capture
L [(zn . [105.0}
@
| /-'ﬂ 3:h e
— 100
| 4: h-ref SP
Ly [_‘\ h-check a5
Iz [_‘ 6: h-check2 o
W/ Ym
\J/Mezm 85
w &m
80
75

186/214MB

70

44,1 kHz Int32L in, Int32L out, 1024 C0CCC

L

300 400

7:m

0000 00:C

Apply
Add to data

Time align

‘ Align the selected measurements to a target level over a
RefﬂOVq specified frequency span

Undo t=0 changes

RMS average
RMS + phase avg.

Vector average

Export IR txt

Export IR WAV
500 600 700 800

Alignment tool
VMEm
32-bit input data Max input 120 dB SPL

79,7dB

Clear the ref T

dB average
dB + phase avg.

Vector sum
Export as bt

3k 4k 5k 6k 7k

79,0 dB %m

Right click graph or measurements for actions

10.. 250
20 .. 20k

e e

8 9% 10k 13k 15k 17k [19,94k

76,6 dB
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Einstellungen

Align SPL X

Use average SPL of measurements

Wir ziehen die

o Use SPL specified below Messungen auf 80,0

Alignment level (dB): 80,0 4 -
|
| Available range: 20,19 Hz to 22,05 kHz Sinnvollen Wert fiir
den Treiber
Alignment centre: [ 2 kHz 'J auswahlen
Alignment span (octaves): 1 »w

0K Abbrechen
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Die 3 Messungen im Pegel angeglichen

File Tools Preferences Graph Help Donate Pro upgrades REW V5.40 Beta 103 = a X
) | el d8 A A~ - v
f =
= B Al X - NS 83 v Il 2 w E@ ik 37 V4
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
& 12 = Show all ¥
: Lo FAseL | €1
SPL & Phase ‘ AlISPL | Distortion Impulse  Filtered IR GD | RT60 RT60Decay Clarity Decay Waterfall Spectrogram Captured -y
- f" : Capture Separate  Scrollbars Freq. Axis Limits Controls
L [(zn . [10s,0}
@
L[] ®
100
| 4: h-re SPL -
U I/V :m
/A g, .
Js  Em 85 ‘ ;
W/ \em "
80 *
|
J
75 ALyt
\
70
65
60
10..250
55 1
’ 20 .. 20k
5 e e
200 300 400 500 600 700 800 900 1k 2k 3k 4k 5k 6k 7k 8 9% 10k 13k 15k 17k [19,94k
4 b
M 7=m ———— 70,8 dB wETY ——— 71,9dB M em —_— 71,8 dB
154/220MB 441 kHz Int32L0n, Int32L out, 1024 C 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Messungen mitteln (Vector Average

MUSIC
WONDER

File Tools Preferences Graph Help Donate Pro upgrades REW V5.40 Beta 103 = a X
- Bl Eo A~ = I3
I o
= @ | X 6 o 83 \/\ II N~ E@ il x / 4
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
2 = Show all ¥
&1z = ow a = : %{ "I" &
s SPL & Phase | AlISPL | Distortion Impulse @ Filtered IR GD | RT60 RT60 Decay Clarity Decay Waterfall Spectrogram Captured -y
L. Capture Separate  Scrollbars Freq. Axis Limits Controls
& - 938
@
%0 ©
SPL v
85
\ 1
A )
1
i 80 )
(
\7:
v piice /
™8 m 7 [ No smoothing v Apply ) f"
‘.J / - - -
d_/"\ om n SPL offset (dB): 00 % Add to data }
Align SPL... Time align
65 Undo SPL alignment Align IR start
Remove IR delays Cross corr align
60 Undo t=0 changes
RMS average dB average
55 RMS + phase avg. dB + phase avg.
50 Vector average the selected measurements
B —
Export IR WAV
45 10.. 250
Alignment tool 20... 20k
) e e
200 300 400 500 600 700 800 900 1k 2k 3k 4k 5k 6k 7k 8 9% 10k 13k k Tk [19,94K
4 b
@ 7m 70,8 dB @Mam 71,9d8 Mem 71,8dB

167/220MB 44,1 kHz Int32L in, Int32L out, 1024 0000 00

32-bit input data Max input 120 dB SPL

Right click graph or measurements for actions
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Gemittelte Messung

File Tools Preferences Graph Help Donate Pro upgrades REW V5.40 Beta 103 = a X
— | ) N A~ + - 4
f =
= B Al X - NS 83 v Il 2 w E@ ik 37 V4
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
& 12 = Show all ¥
: Lo FAseL | €1
SPL & Phase ‘AII SPL | Distortion = Impulse Filtered IR GD RT60 RT60Decay Clarity Decay Waterfall Spectrogram Captured -y
- f" : Capture Separate  Scrollbars Freq. Axis Limits Controls
[[zn . [28
-
L[] %
85
h-che
i [—‘ i :
[ 80
A
YZ:m
l].‘ 7S
/A o,
i

i: Benennen wir um in
v . m-ref

60

55

50

45

o 10: Vector average

200 300 400 500 600 700 800 900 1k 2 3k 4K 5k 6k 7k Bk 9k 10k ko 15k 17k [19,94k

4 b

@ 7%m NE— 70,8 dB @ &m S— 71,9dB @ em _— 71,8 dB
) 10: Vector average —_— 71,2dB

191/220MB 44.1 kHz Int32L in, Int32L out, 1024 .3 Measurement is an SVEIage | 32-bit input data Max input 120 dB SPL Right click graph or measurements for actions
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Smoothing mit FDW = 6 cycles

File Tools Preferences Graph Help Donate Proupgrades

MUSIC
WONDER

—= he=] d8 AV + - v
f | b
= e X 9 W 83 \/\ I I N~ L E@ il X / V4
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development ®
& = IR Windows = X e
SPL & Phase | AlISPL  Distortion = Impulse Filtered IR  GD RT60 RT60 Decay Clarity Decay Waterfall Spectrogram Captured + L
1 h m-ref : :
[\/' Scrollbars Freq. Axis Limits Controls
Left: Rectangular v
- 20 14 1800] .
Right: Rectangular v E
2 h
150
2, 20k € Left width (ms): 500 ¢
2 /‘-\v" h Ref Time(ms: 0,046 % 120
. : . a
., ol | Right width (ms): 1.000 & i
i - Freq. resolution: 1,00 Hz
|M Span in samples: 66.150
a 60
2 Cl AddFDW 6cycles & —
5 hd v e — ~
\ — 30
-
P - - — BN

h Add MTW . L = ,/ 7
Multi-time 1.000..1,1ms ¥ /
K e

0, 2001

Save settings as preset
u m
m! 200K

Show presets

\ -60

= | Apply windows to all “LI -90
Apply to all, keep ref time \
':’!J /\:': | -120
= | Apply to All SPL selections
m!. Apply to Impulse overlay selections ‘ ‘ -150
00k T — ‘ I
0 - m-ref s | v
/\\/\ 500 600 700 800 900 1k 2k 3k 4k 5k 6k 7k 8 9% 10k 13k k k 19,94k
1) 200k 1 L2
(¥) m-ref [FOW Vs 50,4 dB ) Phase Sy 42 deg v
v Mic Cal 28dB Soundcard Cal -0,0dB
192/230MB 441 kHz Int32L0n, Int32L out, 1024 C D C 0000 00 32-bit input data Max input 120 dB SPL Right click graph or measurements for actions
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Export als .txt-Datei

Tools Preferences Graph Help Donate Pro upgrades

Open measurement Strg+0

Save measurement as... Strg+S

IRwindows SPL meter

REW V5,40 Beta 103 = [a] X

w v Bl ¥ ik e wh i F.

Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences

Save all Strg+Umschalt+S
Remove measurements loaded from... » free software, but if you can afford to please click here to make a donation to help support its continuing development x
Open filters Strg+Alt+0 «ts g
Savifilters a5 Strg+AltsS SPL & Phase | AlISPL  Distortion = Impulse Filtered IR  GD RT60 RT60 Decay Clarity Decay Waterfall Spectrogram Captured ¥
9 ure Scrollbars Freq. Axis Limits Controls
Import »
i %} T 1800f .
Export » Export measurement as text @®
e
Remove Current Measurement  Strg+Rucktaste Expont b emsametromnts ws o i
f
Remove all Strg+ Umschalt+Rucktaste TR SRS ONIL b A
Export impulse response as WAV 120
Export all impulse responses as WAV
1 rew.mdat Export impulse response as text a0
2 rew.mdat Export all impulse responses as text
3 whz-bix.mdat Export filters impulse response as WAV 60
4 rew.mdat Export filter settings as text
5 rew.mdat Export filter settings as formatted text 30
6 tests-xo-bm-assym-del-fehlt-noch.mdat Export distortion data as text
7 b-neu.mdat Export distortion spectrum data as text 0
8 pr-tests;mdat Export RT60 data as text Strg+Alt+R
9 rew-hh-reduced-work.mdat Export RT60 data for all measurements as text 30
Set text delimiter (Space) »
T — . i
'XJ H -60
0l A 20k
65
) m -90
@l /\“\ 60 !
2 200k -120
9 m 10..250
55 | -150
|
I;L 4 20.. 20k
o m-ref M e b
500 600 700 800 900 1k 2k 3k 4k Sk 6k Tk 8k 9% 10k 11k 13k 15k 17k 19,94k
2 200k | £
m-ref [FDW] Vs 59,4 dB Phase /s -4,2 deg v
v Mic Cal 28dB Soundcard Cal -0,0dB
149/377TMB 441 kHz Int32Lin, Int32L out, 1024 00000000 X0 O 0000 0032 32-bit input data  Max input 120 dB SPL Right click graph or measurements for actions
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Als m-ref exportieren

| C:\Users\Bidjan Tschaitschian\OneDrive - Bidjan Tschaitschian\Dokumente\Geschaftsideen\Hifi\Activaudio-Harald-Rupf-FIR-BoxX\FIR-Dateien\HECO-PSM-10... X

&j Speichern in: HECO-PSM-1000-Workshop v B @ ® &8

Recent Name GroBe Elementtyp Anderungsdatum

| h-ref.t 26,7 KB Textdokument 21.10.2025 18:11

Desktop

=

Dokumente

Dieser PC

L

Netzwerk

Dateiname: [m-reﬂ

Dateityp: Data (., .frd, .dat, .zma, .csv, .cal)

prewmron
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m-ref in rePhase importiert

E M - rePhase 1.4.3
File View Help

MUSIC
WONDER

10

]
8

@ -

o

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q |

Linear-Phase Filters

type shape param freq
[nigh-pass ] |Linkwitz-Riey ~|| 48 dsioct | 100
[low-pass =] | =1 dsioct | 3000
[nigh-pass =] | K| dbloct | 1000
[nigh-pass =] | =l daioct | 1000
|nigh-pass ] | =l | dBloct | 1000
[nigh-pass =] | =l dBloct | 1000
[nigh-pass — ~] | =~ d8ioct | 1000
[nigh-pass ] | =] dbloct | 1000

Hz

Hz

Hz

Hz

Hz

Hz

Hz

Hz

Tips

Check for amplitude ripples
down to your noise floor
using a large range in the
graph, and try different
windowing (blackman or
nuttall should give good
results) and optimization
settings.

When using Brickwall fiters,
make sure you use the
same taps, centering and
windowing settings for both
sides of the crossover or
complementarity will be lost.

4z
Impulse Settings
taps |16384 samples
FFT length |65536 ~| samples

| middie >
centering
-

use closest perfect impulse

windowing [(hann hd
| to [-100 *] @8
rate (44100 v| Hz

format [64 bts EEE-754 (db) ]

optimization |none

filename ICurM

directory IC \Wsers\Bidjan Tschaitschian\O1

generate |

Sz
Ranges | Measurement |
Frequency §50Hz >| to |20kHz ¥|
Ampitude 1008 v| to [1008 ]
Phase m to lm
hide result phase below [-100d8 |
wrap phase [yes  ~|
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Erste PEQs im Paragraphic Gain EQ

WONDER

EI M - rePhase 14.3 - ful X
File View Help
10 e 180°
» o 15750
g
> 13
s 125
: _—
g 875
2
452
2
, ns
0 o
'
4 7t
2 i
N, [ NS N — NS VS-S S /S (S 5——__SSS_SS__S_ ENS_—SSS_S-_SS=_———SSnUU{SS-——————— . SUSSSSS-i WS Sy 4SS SUSS-—-—— USSS-- CSSSS- SSS SSS--———-1y <EC$,
4 475
5 ; L .50
Graphical EQ modifi
Eorrzse
Hzand dB: middie click or &
Q: mouse wheel RS
-10 y -180°
500Hz B3H: 1kHz 2icHz SkHz 10kHz 20kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q impulse Settings Ranges | Measurement |

Bank |01 ¥ EQ type Iconstonto :”mmimum-nhase ;l Range I: 12dB:] Tools ~| Presets v|
2 =l=lEEEE EIE EE EE EE E S  EE E S E=E S E = = = ==
9 == — =3 %_.
ﬁ i . . = B, s s B s A
2 L D L S R il L L L L T
@8 | 474 || +2.07 || 0.89 || +5.03 || 0.44 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 [| 0.00 || 0.00 [| 0.00 || 0.00 |f 0.00 || 0.00
af 2 2 4 4 4 20 [| 20 |J 20 || 20 || 20 || 20 || 20 || 20 || 20 || 20 || 20 [ 20
Hz | 1140 |[ 1944 || 1440 | 4703 || 2998 [[157.45 (| 250 |(|356.85 |@29.98 || 1000 [1587.4 ||2519.8 |{ 4000 [6345.6 | 10075 || 16000 | 25358
bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass

taps ]1638«5— samples
FFT length m samples
middie hd
use closest perfect impuise il
windowing |hann -

optimization |none ~| to |-100 *| ¢B

rate (44100 ¥| Hz

format [64 bis EEE-754 (ab)  ¥|

centering

fiename ICom

directory |C \Users\Bidjan Tschaitschian\O1

generate |

impulse delay: 8192 samples, 185.76 ms
max response: 0 dB, max impuise: -0.04 dB

Frequency [250rz =] to [2owiz =]
Ampitude [-1008 ~| to [1008 ¥
Phase 1-150' v| to |180° v]
hide result phase below |-100dB ']
wrap phase m
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Zwischenergebnis nach Generierung

MUSIC
WONDER

EI M - rePhase 14.3 - ful X
File View Help
10 180°
e | 157.5°
g i S
. e Ja5e
5 -.n\\ |:2 i
5 Sl %0°
4 - a7
3
45°
2
. 2250
0 o
4 228
2
-5
3
i 075
5 . - st
- Graphical EQ modification
Loa1zse
3 Hz and dB: middle click or wfg\dick =
Q: mouse wheel o120
2
> L 157,60
.
-10 -180°
500Hz 1kHz 2kHz SkHz 10kHz 20kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q impulse Settings Ranges | Measurement |

taps (16384 samples

Views | 1 2| 3| 4| 5| copy

Bank [01 ~ EQtype [constantQ  v|[minimum-phase w| Range [:12dB w|  Tools ¥|  Presets ¥|
FFT length |65536 v | samples
Frequency }250Hz v| to |20kHz ¥
e == =ZiI=lEI=EEE EE I EE EE  =EEEIE  EE s | Elam S S Sl = == middie v
i = E EEEEIEE | ZE|2EIgEIEHETEHE|EHE | EAE |EE EEEEIIEE centerin, — Ampltude |-10dB +| to |10dB
== == S EE EE EE EE | EE EE I EEIEE [ EE | EEIEE EiE  EE ? [use cosest pertect mpuse <1 =
-1- =l = SEIEE EEIEE IEEIESEIEEIEE SIS EE EE SR EE phase [-180° ¥ to [180° ~
= = ::ﬁ:: sEgsEEEE EEEEEEEEEE EE A E windowing |hann ¥
== = |12 | 3 7 y 2 ] i 3 hide result phase below |-100dB ']
o == ﬁ == ,5 % optimization |none ~| to |-100 *| ¢B ?
B =i =]- | % = wrap phase |yes v
i = == SIS == =l=|EIE=Zk= | == = | =)= rate 44100 ~¥| Hz RAT ¥
= e = = = = | == == == == == === format |64 bits [EEE-754 (.dbl) L]
~|2:: == =EIE=E == = = === |=]=|=]= === ﬁennmelCom
a8 [474 |[+207 [[0se |[GEMEE (| 044 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 [ 0.00 [ 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 directory [C:Wsers\Bidjan Tschatschian\Or
af 2 2 4 4 4 20 [| 20 J 20 [[20 [[ 20 [ 20 | 20 | 20 [ 20 || 20 || 20 || 20
generate |
Hz 1140 |[ 1944 |[ 1440 |[ 4703 |[ 2988 [[157.4s || 250 [[3s6.35 [[e2s.58 |[ 1000 |[1587.4 [[2515.8 | 4000 |[e345.6 |[ 10075 |[ 16000 [[253s8
bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass impulse delay: 8191.989 samples, 185.759 ms

max response: 5.01 dB, max impuise: 0.36 dB
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Highshelf-Filter in Bank 02

EI M - rePhase 14.3

MUSIC
WONDER

= X
File View Help
10 120°
3 e — i
J T
: = 138°
5 fiin 1 125
: Sl %
4 e
2
2
1
0
-1
2
3
-4
b - ) , Loa1zse
3 Hz and dB: middle click or X
Q: mouse wheel b -135*
2 5
b Y
-10 -180°
00Hz Tz 2z Sz 10Hz iz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q impuise Settings Ranges | Measurement |

Bank |02 =

EQ type [shelving high

+12

(]
el
(O]
]
(O]
TELTELT

5

[T
TEEELLLE|

illl

NN
L
Lintinn
L

1L
[T Iinnl
bipining
TITTrny
birining
L

11

Liiiiini

frrrrrni

Prvel
AR

;I Imnimum-nhase ;l

CUEr el

N
PErrrne

Range ]: 12dB ;l

(NN

T
JIirirrl

biittinl
LR

R

Linninni

Presets

Tools v| |

(OO
Ll
(O]
(]

Ll
(]

Lintinnd
DL

NN
DL

-12

48 | -1.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Q 1 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20

Hz | 8000 ||24.803 ||39.372 || 62.5 ||99.212 ||157.49 || 250 ||396.85 ||629.90 || 1000 || 1587.4 ||2519.8 || 4000 ||6349.6 || 10079 || 18000 || 25398
bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass

taps (16384 samples
FFT length ]55536 v | samples
middie ~|
use closest perfect impuise il

windowing |hann -
~| to |-100 *| ¢B
rate |44100 v | Hz

format [64 bits EEE-754 (.dbi)

optimization |none

o

fiename ICorM

directory IC-\Users\E-d;an Tschaitschian\01

generate |

impulse delay: 8191.989 samples, 185.759 ms
max response: 5.01 dB, max impuise: 0.36 dB

Frequency [250rz =] to [2owiz =]
Ampitude [1008 ~| to [10a8 ]
Phase !-150' v| to |180° 'i
hide result phase below |-100dB 'I
wrap phase m
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Feinschliff bei den PEQs in Bank 01

Hz and dB: middle click or
Q: mouse wheel

EOéHz

TkHz

G | Fiters L ion | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ
Bank [01 ~] EQtype [constantQ v ||mnimum-phase w| Range [:12dB v|  Tools v|  Presets |
#12 —J— === EE EIE EIE ElE  EE EIE EE EE | EE E S EE S = = E ==
PT343 3333333333
= S il i A S et i e B S B il B B i A i Bl R R
d8 | 4.74 || +2.07 || 0.89 || +5.03 || -0.44 || -1.77 || +0.30 || +0.30 [| 0.15 (| 0.15 | 0.15 || 0.00 (| 0.00 (| 0.00 {| 0.00 || 0.00 || 0.00
Q| 20 20 4.0 40 40 4 4 6 8 8 8 20 20 20 20 20 20
Hz | 1140 || 1544 || 1440 || 4703 || 2550 || 9570 || 6672 || 2848 || 2198 || 1618 || 1150 |{2519.8 || 4000 (|@343.6 (| 10079 (| 16000 [ 25358
bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass

HHz
Impuise Settings

taps |16384 samples
FFT length |65536 vl samples
middle ~|

use closest perfect impuise v |

windowing |hann vI
| to [-100 x| @B
rate (44100 vi Hz

format [64 bits EEE-754 (.dbi) |

centering

optimization tnone

filename lCurM

directory fC'\U sers\Bidjan Tschaitschian\O1

generate |

impulse delay: 8191.983 samples, 185.759 ms

SkHz

Ranges | Measurement |

Views [1 2| 3] 4|5 ooy
Frequency [250Hz ~| to [20kHz ~]
Ampitude [-10d8 ~| to [10d8 |

Phase -180' ~| w0 [180° ~|

hide resut phase below [-1008 ]

wrap phase [yes  ~|

10kHz
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Phase korrigieren (Paragraphic Phase EQ)

EI M - rePhase 14.3
File View Help

10 180°
s e =1 1878
R e s

= e 1250
i e, 12,5
” S - Ry 300
4 i — T a7.5
3 | s S
2 oy Sh=lr vl
1 e = ettt T . s
2
3
4
5
2
J
3
3
-10

500Hz - 1kHz 2uHz SkHz 10kHz 20kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q | Impuise Settings Ranges | Measurement |

Range | 90° w

Presets v|

Bank [01 ~ Tools v|

+50

|
|
rrernrn|

it
T

L

FEEEERT]

I

Al

LT
brrnnrtnd
L

(N
I

+25.58 || 0.00 |f 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=0

20 20 2.0 20 20 20 20 2 20 20 20 20 20

0
§9.212 [|157.45 | 250 |[1390.85 (1629.98 || 1000 || 1587.4 | 2519.8 || 4000 (|6345.6 (| 10079 || 16000 (| 25358

-
[
o
"
| e

10000 (39372 |[ ez
bypass | bypass | bypass | bypass | bypass | bypass bypass%hypass bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass

taps (16384 samples
FFT length {65536 v | samples

middie hd
use closest perfect impuise il

windowing |hann b
~] to [-100 ~] @8
rate (44100 v| Hz

format [64 bits EEE-754 (.dbi) |

centering

optimization |none

fiename [Corld

directory |C Wsers\Bidjan Tschaitschian\O1

generate |

impuise delay: 8191.992 samples, 185.759 ms
max response: 4. 92 dB, max impuise: -0.7 dB

Frequency [250Hz ~| to [20%z ¥
Ampltude ]m to m
Phase m to m
hide result phase below [-100d8 ¥ ]
wrap phase m
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Das sieht sehr gut aus!

EI M - rePhase 14.3
File View Help

MUSIC
WONDER

10 180°
B 15750
8 T

el 135
17— —_——
8 . 1125
5 = %0
4 ==t a7

<
3 o
s Loy
2 e
" T 25
o = - o
N

x i}z

rl

2 /|
3 — £
] T 75
5 0
3 125
T

-135¢
e
P -157.5°
-10 -180°
500Hz 1kHz 2cHz SkHz 10kHz 20kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ | impulse Settings Ranges | Measurement |

Bank [01 o

+80

3

EEE]

Ll
(D]

el

Lintinn

LT )
TILLLLT|

=

Lt
L

bipining

IO
TR
]

el
VEREEEE)

CUEr el
LELIELE

birining
L
OO
Liiiiini
L
L

Range ]: 90" v|

EE

(R

(NN
(AR NN

T T

T
frovernt
biittinl
jrrerend
TR

Linninni

Tools v|  Presets v|

2

Linpeenl
(D]
O]
(O]
(]

Lintinnd
DL
NN
L

0

+ |-57.78 || || 0.00 || 000 || 0.00 || 0.00 || 000 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 | D.00

a| os 4 20 (| 20 || 20 20 [| 20 [ 20 || 20 || 20 || 20 || 20 | 20 || 20 || 20 || 20 || 20

Hz | 1000 || 10000 [[39.372 || 82.5 [[sa.212[[157.45 | 250 [J3s6.85 [629.96 || 1000 [|1587.4 ||2519.8 || 4000 [[6349.8 [| 10075 || 18000 [| 25398
bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass

taps |16384 samples
FFT length [65536 ~] samples

middie
use closest perfect impuise

windowing |hann vl

optimization [none  ~| to [-100 ~| 4B

rate (44100 'I Hz

format [64 bits EEE-754 (.dbl)

centering

-
-

£l

fiename ]CurM

directory 1C'wsers\adjnn Tschaitschian\O1

generate I

impuise delay: 8191.971 samples, 185.759 ms
max response: 4 92 dB, max impuise: -1.07 dB

Frequency M to [m
Ampitude Im to m
Phase m to Im
hide result phase below Fm
wrap phase m
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Bypass Check: Der Filter ist

MUSIC
WONDER

»zU laut

EI M - rePhase 14.3 - ful X
File View Help
10 180°
s 157.5°
g
138
112.5°
: Ca. 5 dB zu laut
5 30°
4 675
k |
B 45
2
" 25
-1 WA E e S
2 h“"“'“--.._._“’____ B atadditesluinin s
2
4 a7
< 128
X |
-135°
2
: -157.5
9
-10 -180°
500Hz 1kHz 2uHz SkHz 10kHz 20kHz
Impulse Settings Ranges ‘ Measurement

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q |

Bank [01 ~

+50

|

NN

L

prerernd

Range | 90° w

taps |16384 samples
FFT length [65536 x| samples

middle
use closest perfect impulse

windowing |hann :_‘
~| to [-100 ~] @B
rate (44100 Ll Hz

format [64 bits EEE-754 (.dbl)

Tools v|

Presets v|

centering

L

-
-

optimization [none

i
ALl

I

=l

b
i

fiename |Corld

directory |C-\User5\B-djan Tschaitschian\O1

* |-57.78 [|+25.58 || 0.00 || 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Q| o8 4 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
generate
Hz | 1000 || 10000 ||39.372 || 82.5 (|99.212 ||157.49 (| 250 356.85 |629.98 || 1000 || 1587.4 ||2519.8 || 4000 [|6349.6 (| 10079 || 18000 || 25358
bypass | bypass | bypass | bypass | bypass | bypass bypass#hypass bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass impulse delay: 8191.971 samples, 185.759 ms

max response: 4 92 dB, max impuise: -1.07 dB

import from fie | import from clipboard

ga

time offset |0 psec

bypass cear

in offset |-80 dB

hide magnitude hide phase

invert response invert polarity

nam.
daa
rang

-

=
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In den Output Settings korrigieren

EI M - rePhase 14.3
File View Help

MUSIC
WONDER

10 180°
. 157.8°
8

135
8 1125
5 s
: 0,0 dB nicht
3 , nic
45
z am [ ]
= uberschreiten
-1
2 e a—
2
4
5
8
=]
=]
-10
kHz 2kHz SkHz 10kHz 20kHz
General Filters Linearization Lnear-PnaseFiters:MnimmPnase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ Impuise Settings Ranges\ Measurement
faps |16334 samples import from fie ] import from clipboard
Output Settings Note
FFT length [65536 ~] samples | bypass ciear
&4 _J— middle = gain offset |-30 dB
== centerin et
== e use closest perfect impulse time offset |0 usec
== ad
== s hide magnitude hide phase
= windowing |hann ] o~
=] invert response invernt polarity
optimization [none ~| to [-100 ~] @B
rate (44100 LJ Hz
format [64 bits EEE-754 (.dbi) |
24 fiename |Cortt
directory |C-\User5\B|d;an Tschaitschian\O1
polanity | norm v | generate |
tme |norm v
= impulse delay: 8191.971 samples, 185.759 ms
max response: 4 92 dB, max e: -1.07 dB
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Generieren und fertig

EI M - rePhase 14.3

MUSIC
WONDER

= [u] X
File View Help

10 180°
® 157.5°
g

135
s 112.5*
5 30°

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q |

Output Settings

+2

3

500Hz

1kHz

2Hz
Impuise Settings
taps |16384 samples
FFT length |65536 ¥ | samples

middie v

use closest perfect impulse =

windowing |hann -

optimization [none | to [-100 | g8

rate 44100 v| Hz

format [64 bits EEE-754 (.dbl) ~|

centering

fiename [Cortd

directory |C‘\Users\Blajan Tschaitschian\O1

generate |

impuise delay: 8191.971 samples, 185.759 ms
max response: -0.09 dB, max impuise: -6.08 dB

SkHz

Ranges ‘ Measurement

import from file

| import from clipboard

bypass

clear

gain offset |-80 dB
time offset |0 usec

hide magnitude

hide phase

mnvert response

invert polarity

10kHz 20kHz
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1 Korrekturmessung

Make a measurement

Type: SPL Impedance

Add number B
Add date/time [}
° Use as entered

Prefix with output

Name: m-check

Will appear as:
m-check Append level

Add to group

Notes:

|¥) Keep for next measurement

Start Freq End Freq

Range: 20 = 2050 v Hz
RMS dBu

-15dBFS

© ders

Level:

4

Warnings: Low levels, High distortion, Low SN

No abort triggers selected v

Ready to measure...

Input:

MUSIC
WONDER

aus letzter Position

X
Method: Sweep FSAF
Length Repetitions

Settings: 256k ¥ 1 v 59s
Timing: No timing reference v

Set t=0 at IR peak v
Playback: From REW From file
Sample rate: 44,1 kHz v
Mode: Single measurement -
Setup: Start delay 15 - I
Qutput: 2: Qutput 2 v
Sec. output:
Options: None selected s 2

) Capture noise floor

Input 2 5
Input: on Focusrite USB ASIO =

Calibration files...
Check levels Start Abbrechen
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File Tools Preferences Graph Help Donate
A

Pro upgrades

=il x 0
Measure Open Saveall Removeall Info

n

T

Ergebnis unbearbeitet (grune Kurve)

83

IRwindows SPL meter

L J

MUSIC
WONDER

REW V5,40 Beta 103

A

A~

= a X
= 3
A~ e E®@ i X7 4
Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
Show all ~ ety &
L SPL & Phase | AlISPL | Distortion Impulse  Filtered IR GD | RT60 RT60 Decay Clarity Decay Waterfall Spectrogram Captured + o
b [" h Capture Separate Scrollbars Freq. Axis Limits Controls
L [(zn . [038
@®
WAt % ©
| 4: h-re SPL v
85
o[ & hche2 80
W/ 7m

Vails

75
.l/w\ i 70
/) 10: meref \
\
65 \
‘/—\ 11: m-check 0 ﬂf‘f .'.
\
/ \
60 gf !
7
55
50
45 10.. 250
20 .. 20k
. 40 f e e
200 300 400 EQEI 600 700 800 900 1k 2k 3k 4k 5k 6k Tk Bk 9% 10k k 15k 17k 20kHz
4 b
() 10: m-ref [FOW] —{Vs} 69,2 dB () 11: m-check 68,1 dB
202/438MB 441 kHz Int32L0n, Int32L out, 1024 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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MUSIC
WONDER

Der Impuls sitzt richtig - keine Korrektur

Overlays - o X
«lz = Show all + L SPL ' Predicted SPL = Phase Predicted Phase Level Linearity Distortion | Impulse | ETC  Step GD RT60 | Clarity /\.-E'—’ "I" LV
[ o
- <]
—
/ 100 o . —
/7
/ \
ra \
'm 80 7 -+ \
i ) / e = \
I /
[ g6.9F 3
60 \
V4 \
-J/V\ 40 / "l. !
..L/V\ =
/ 2 4 \ N\
110: m-ref 20 / ! L} X
\ \
\ '\
M—\ 11: m-check = )
0o '
-~ = = //' A \ N " - = — —
20 — \ ’." NG p
40 1)
-60 \
\\‘ /
-80 i
-100 -
' @
-104,0u -0u  -80u  -70u  -60u  -50u -40u  -30u -20u -10u  |-0,0u 10u 20u 30u 40u 50u 60u 70u 80u 90u 100 110u 1200 130u  140u  150u  160us
4 >
V) 10 m-ref [FDW] e 80,0 % ) 11: m-check
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Align SPL mit den gleichen Einstellungen

File Tools

= | X O I A

Measure  Open

WAl
Vot

/Y 10: meref

Preferences Graph

Help Donate Proupgrades

H I "

+—
83 v E@ il X 7

MUSIC
WONDER

7
Remove all Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
Show all « ety &
L SPL & Phase AlISPL | Distortion Impulse  Filtered IR GD | RT60 RT60Decay Clarity Decay Waterfall Spectrogram Captured + b
Capture Separate  Scrollbars Freq. Axis Limits Controls
- 938
@®
%0 ©
SPL -
85 =——
= S ==
| 7 - o .
- AR
7 o
70

Align SPL X \
' M \\‘
65 Use average SPL of measurements \
‘/—\ 11: m-check ’d?‘f ’ \
Ad © Use SPL specified below '.l
60 J j Alignment level (dB): 80,0 % \
7
Available range: 20,33 Hz to 22,05 kHz
55
Alignment centre: 2kHz ¥
Alignment span (octaves): 1w
50
OK Abbrechen
45 1 ! 10.. 250
20 .. 20k
o CNC)
200 300 400 @I 600 700 800 900 1k 2k 3k 4k 5k 6k 7k 8 9% 10k 13k 15k 17k 20kHz
4 b
() 10: m-ref [FOW] —{Vs} 69,2 dB () 11: m-check 68,1 dB
219/438MB 441 kHz Int32L0n, Int32L out, 1024 0000 00 32-bit input data Max input 120 dB SPL Right click graph or measurements for actions
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MUSIC
WONDER

Smoothing wie vorher mit FDW 6 cycles

File Tools Preferences Graph Help Donate Proupgrades

= | X O

4 N
A~ 83 v

A~ - 5y
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
&« = Show all ¥ ety &
Hi - LW |SPL&Phase AllSPL  Distortion = Impulse  Filtered IR = GD ' RT60 = RT60 Decay Clarity Decay | Waterfall Spectrogram Captured + b
Capture Scrollbars Freq. Axis Limits Controls
R IR Windows = X
5 .0 1800] .
m-check
@, Left Rectangular v oo 150
3 | Right: Rectangular v
120
[ 95
reeean Leftwidth (ms): 500
a
ﬂf Ref Time (ms): 0,000 % 90 ®
I
2 i Right width (ms): 1.000 % &
5 - Freq. resolution: 1,00 Hz 85
Span in samples: 66.150
20 30
= 7) Add FOW 6 cvcl a |80 S — | ——————
. cycles v /

Apply a window whose width varies with frequency in addition
to the windows above

EORE
i | Add MTW ryo /

time 1.000..1,1ms ¥

8 \ Save settings as preset P
EJ / Show presets

&t - )
9 | Apply windows to all g
kﬂ!./ Apply to all, keep ref time
g 55

Apply to All SPL selections

-] 3
I\L

Apply to Impulse overlay selections

— [a99] 600 700 800 900 1k 2% 3k 4K Sk 6k 7k sk % 10k
4
n -check = —
e & m-check [FOW] V@ 68,8 dB @ Phase Vi 111 deg
1) 20k = ¥ Mic Cal -02dB Soundcard Cal

278/438MB 44.1 kHz Int32L in, Int32L out, 1024 0000 00 32-bit input data Max input 120 dB SPL Right click graph or measurements for actions

-0,0dB
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MUSIC
WONDER

Zwischenstand und nachste Schritte

M passt und braucht keine weitere Korrektur.
FUr H und M sind jetzt Basisfilter vorhanden.
Es folgt B

etwas kompakter dokumentiert und mit weniger Details als bei H und M

Die Vorgehensweise zur Linearisierung von B ist identisch
wie bei H und M.
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MUSIC
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Weiter mit B




MUSIC
WONDER

3 Messungen fiir den Bass

File Tools Preferences Graph Help Donate Pro upgrades REW V5,40 Beta 103 = o X
— = ne—] g d8 SPL N~ + - %
0 | X0 wom VY ik Ee w7 Y
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development X
» iz = Show all| v a* + £
= N= € .9
=5 = SPL & Phase | AlISPL | Distortion = Impulse Filtered IR GD RT60 RT60 Decay Clarity Decay = Waterfall | Spectrogram = Captured + o
s Capture Separate Scrollbars Freq. Axis Limits Controls
2h SPL
3:h
- ®
4: h-ref e
=tk 100
5: h-check spL
6: h-check2
m 9
,
&m
'
&m 90 5 f Jw {
10: m-ref /\WIVV\A/] /:Jb% ‘c\rm'p |
0 ; y Vi \
11: m-check 85 V/\ﬂ[t/u‘t‘w "l’ {t(f )
( q
12:b I
13:b 20
14:b
75
704
I
49
g '\f‘*"\\ [
60—V
55
20 30 40 S0 60 70 80 90100 200 300 400 @ 600 700 900 1k 2k 3k 4k Sk 6k 7k 8k 9%k 10k 13k 16k 20kHz
4 »
12b —_— 89,3 dB b - - 4 de 14: b _ 87,9dB
229/460MB 441 kHz Int32Lin, Int32L out, 1024 0CC(0CC C00C00 0000 0002 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Overlay Impulse Check passt

MUSIC
WONDER

Overlays
» Iz = Show all + " At +
v e SPL ' Predicted SPL  Phase Predicted Phase = Level Linearity = Distortion | Impulse | ETC  Step GD RT60 | Clarity = €. LTk
%
a 110
®
e t=0
% v
90
80
70
66,9
60 1
12b t
3 !
13:b 50 | |
. ! i
14:b | |
i {
40 | it
i i
\ \
30 \‘ 1
|
|
20 }' \
10 f
‘.‘". N
0 J N
—— /
-10 =
20 W | .
-30 \ /
\ ’/,-
-40 \ ri A
B} L/ e
-536u -450u  -400u  -350u  -300u -250u -200u -150u -100u  -50u -Ouj 50u 100u 150u  200u  250u  300u 350u  400u 450u  500u 550u 600u  650u 700u  750u  B0Ous
] >
@ 12:b 3] ) 14




MUSIC
WONDER

Phase mit t = 0 an der korrekten Stelle

Overlays = o X
»dz = Show all ¥ [ SPL | Predicted SPL | Phase | Predicted Phase | Level | Linearity | Distortion Impulse | ETC | Step | GD | RT60 | Clarity 2= s O
= . [2000
et ®
3:h 180 @ ;
4 of ]
: |
h-check }
150 |
& h-check2 I
|
m :
120 t
m H
I
X
g m -
: 90 i ? ]
m-ref : ',;I
n-check : E': A
¥
12b 60 8% A
| B
13:b : § I N
b
. |
14b 30 : }; i
I f; ¥ f
|8 --
X [
0 - i i
5
-30 1 t’ -
18
|88
|
-60 -
| 5
| B
81
90— |8
N .
LA -
Al I '8
-120 Ln,’ ‘[r‘v, i ',;
v f 15
\ ! 5
-150 ‘A\ﬂfﬁ\ : ,;.
A Tyl
u""" vu\: :? ! 10.. 250
e | r
180 i 20.. 20
= e e
20 30 40 50 60 70 80 90100 200 300 400 |483 600 700 900 1k 2k 3k 4k Sk 6k 7k 8k 9% 10k 13k 16k  20kHz
4 »
12:b _— 27 deg ) 13:t e 14:b  — 33 deg
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MUSIC

WONDER

Die 3 Messungen im Pegel angeglichen

File Tools Preferences Graph Help Donate Pro upgrades REW V5.40 Beta 103 = a X
—= he=) d8 AV + - v
[ =
= e X 9 W 83 \/\ I I N~ L E@ il X / V4
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
2 = Sh Il ~
» l: = ow a & , 7 - %’\—’,}? *I" 0§
o —— SPL & Phase | AlISPL | Distortion Impulse @ Filtered IR  GD RT60 RT60 Decay Clarity Decay Waterfall | Spectrogram = Captured i
Capture ' Separate  Scrollbars Freq. Axis Limits Controls
SPL
= l
4: hore e |
S 100 ;
- SPL > §
;
90
! 85
12:b
13:b 80
14:b
75
70 \M
\
65 /\ |
60 /’\.jﬁ”‘}
RJ\‘V‘ i
At f 10.. 250
55 1\
/ 20... 20k
I"| r -
i Jui [ | [ e e
20 30 40 S0 60 70 80 90100 200 300 400 EO__Q] 600 700 900 1k 2k 3k 4k Sk 6k 7k 8k 9% 10k k 16k  20kHz
4 b
) 12b R—— 80,1 dB (3] E & 14b —_— 81,0d8B
290/460MB 441 kHz Int32L0n, Int32L out, 1024 C D C 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Gemittelte Messung b-ref

MUSIC
WONDER

File Tools Preferences Graph Help Donate Pro upgrades REW V5,40 Beta 103 = o X
e el A~ — [
Ao | @XJ 6 W 83 \/\ I I N~ L E@ il X V4
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
» 12 = Show all| v » FS <
2 ‘ A= aHE
R = SPL & Phase | AlISPL | Distortion Impulse @ Filtered IR  GD RT60 RT60 Decay Clarity Decay Waterfall | Spectrogram = Captured . + o
: Capture . Separate Scrollbars Freq. Axis Limits Controls
SPL
= 100
6: h-check2
i 93,80
90
m-re
12:b
13:b
14:b
15: b-ref
15: b-ref
20 30 40 50 60 70 80 90100 200 300 400 @ 600 700 900 1k 2k 3k 4k Sk 6k 7k 8k 9k 10k 3k 16k 20kHz
4 b
@ 12:b D 80,1dB @ 13:1 30,5 dB & 14b —_ 81,0dB
) 15: b-ref R — 80,6 dB
270/462MB 441 kHz Int32L in, Int32L out, 1024 3ol Measurement is an average Jio: 32 pit input data Max input 120 dB SPL

Right click graph or measurements for actions
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Smoothing mit FDW = 6 cycles

MUSIC

WONDER

File Tools Preferences Graph Help Donate Proupgrades
- BE B A~ - 3
[ =
o = e X (1] A= 83 v Il A~ E@ il V4
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
» = Showall ¥ FS oy
L) : - €. ¥
g 1~ e ‘ SPL & Phase | AllSPL Distortion Impulse | Filtered IR GD RT60 | RT60 Decay = Clarity Decay Waterfall Spectrogram = Captured i
[ ) : Scrollbars Freq. Axis Limits Controls
20, RWindows — X
6h b-ref T 1800] .
! ®
Left: Rectangular hd |
2 | e {150
Right: Rectangular A {
7m | :
| ! 20
lzJi Left width (ms): 500 % ' i
a"‘i Ref Time (ms): 0000 % i
|
| Right width (ms): 1.000 &
=l
= Freq. resolution: 1,00 Hz o
9m|
Span in samples: 66.150
d- 30
AddFDW 6cycles % [ — B e e
10 S |
" Lt 0
» A
- /
= I / -30
1A Add MTW ! =0
Multi-time 1.000.. 1,1 ms ¥ / 60
Al i -
— Save settings as preset A
128 / Y !
g Show presets / I | -90
I |
2 | - 1 |
= Apply windows to all : ‘\__7\\ 120
\,/ Apply to all, keep ref time : & 10..250
=) f : -150
ﬁ' Apply to All SPL selections i 20 - 20k
"’( Apply to Impulse overlay selections i : e e v
20 =5 40 50 60 70 80 90100 200 300 400 I?_OE] 600 700 900 1k 2k 3k 4k Sk 6k 7k 8k 9k 10k 13k 16k 20kHz
15 b-ref . »
/—‘”\\ ) b-ref [FDW] s 80,2 dB (V) Phase {/ag} 17 deg v
i v Mic Cal -02dB Soundcard Cal -0,0dB

259/460MB

44.1 kHz Int32L in, Int32L out, 1024

0000 00

32-bit input data Max input 120 dB SPL

Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Als b-ref exportieren

MUSIC
WONDER

C:\Users\Bidjan Tschaitschian\OneDrive - Bidjan Tschaitschian\Dokumente\Geschaftsideen\Hifi\Activaudio-Harald-Rupf-FIR-BoxX\FIR-Dateien\HECO-PSM-10... X

ﬁ Speichern in:

Recent Name

| h-refixt

- =] m-ref.bd

Desktop

=

Dokumente

Dieser PC

L

Netzwerk

Dateiname:

Dateityp:

HECO-PSM-1000-Workshop

GroBe Elementtyp
26,7 KB Textdokument
270KB Textdokument

Anderungsdatum

21.10.2025 18:11
22.10.2025 14:35

v O @ B &8

Data (., .frd, .dat, .zma, .csv, .cal)

prewmron
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b-ref in rePhase importiert

Bl B - rePhase 143
File View Help

MUSIC
WONDER

10
9
]

2 A
-5
a
- 075
5 ) =0
ol 125°
3 e
1380
3
3 e 15780
-3 ~
-10 z 180°
204z oMz 100z 500Kz fiHz ZiHz Sz 10kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q | Impulse Settings Ranges | Measurement |

Linear-Phase Filters

taps |16384 samples
FFT length ]55536 v | samples

middie

centering

use closest perfect impuise

-
-

type shape param freq Ties

|'°W'P“3 S| I =] dB/oct I 2000 Hz Check for amplitude ripples
[arsass =] | <1 dooet [T000 He ity el
[rgr-pess =] | <1 [ dooct [o00 ne o (tlogt
[hgnpass =] | =1 dooet [To00 He el
[nign-pass =] | =1 d8ioct | 1000 Hz setings

[hgrsass =] | = [ dmoct 1000 1z o sl
[hon-pess =] | ST dmoct [1000 Hz | | windowing setings for ot
[hansess ] | ZI [ omoct [7000 | | complementarty wie ot

windowing |hann -
~| to |-100 *| ¢B
rate (44100 ¥| Hz

format [64 bis EEE-754 (ab)  ¥|

optimization |ﬂ0!‘l!

fiename ICorB

directory IC-\Users\B-d;an Tschaitschian\O1

generate |

Femguy oz ] | [1owiz 2]
Ampitude [1008 ~| to [10a8 ]
Phase !-150' v| to |180° vi
hide result phase below |-100dB 'I
wrap phase lﬂ
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Eine Bassanhebung mit LowShelf

MUSIC
WONDER

Bl B - rePhase 143 - ful X
File View Help
10 - 180°
8 5
2 L 157 50
4 N 25
| g i g /J\ e
2 50
-4
8 - 7.5
2 = = o
-10 "l
12 : 25
-14 . a*
W e e e, e . -
: Wir beeinflussen
: 0 N ; 450
hier den Rolloff des —
L o0t
A Graphical EQ modification
BaSStreI bers Hzand dB: middle click or ct+click | -
Q: mouse wheel L 13
: = TR
o= e e ) 20042 00Hz Tz ez Sz ey
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q impulse Settings Ranges | Measurement |

Bank [02 ~ EQtype [shelvinglow v |[minimum-phase ¥| Range [:12dB v|  Tooks v|  Presets ¥|
#22 —k=1—===l=|== == == | == | == = === == == == | == | == == | ==
= == % = % %
=l= = - -
12 T — = =t L L L L e
@ [« |[ 000 |[000 [[000 |[000 [ 000 |[ 0.00 || 000 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00
a[os [[20 |[20 |20 |20 |[20 || 20 || 20 |20 || 20 | 20 || 20 || 20 || 20 || z0 || 20 || 20
vz [ 75 24803 [3372 | €25 |[59.212 |[157.45 || 250 ||398.85 |[a29.58 || 1000 ([1587.4 [|2515.8 || 4000 [|ez4s.s || 10079 |[1e000 [[253%8
bypass | bypass | bypass | bypass | bypass | bypass bypass%hypass bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass

taps (16384 samples
FFT length {65536 v | samples

middie hd
use closest perfect impuise il

windowing |hann b
~] to [-100 ~] @8
rate (44100 v| Hz

format [64 bits EEE-754 (.dbi) |

centering

optimization |none

fiename ICorB

directory |C Wsers\Bidjan Tschaitschian\O1

generate |

impulse delay: 8192 samples, 185.76 ms
max response: 0 dB, max impuise: 0 dB

Frequency [20z  ~| to [1okiz ¥
Ampltude ]m to m
Phase m to m
hide result phase below [-100d8 ¥ ]
wrap phase m
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Weitere PEQs im Paragraphic Gain EQ

Bl B - rePhase 143 - ful X
File View Help
10 - 180
] ‘-\___ 157.5°
sags
s \‘.__‘ 112.5°
4
3
2
1
-1
2

20Hz 50Hz 100H2 200Hz £00Hz A%5hz fiHz

Impulse Settings

taps (16384 samples
FFT length {65536 v | samples

middie hd
use closest perfect impuise il

windowing |hann -
% optimization |none ~| to |-100 *| ¢B
rate (44100 v| Hz

format [64 bis EEE-754 (ab)  ¥|

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q

Bank [03 ~

EQtype [shelvinghigh v |[minimum-phase w| Range [£120B v|  Tools ¥|  Presets ¥|

centering

EL LR
PRkl
AW

i

L

I

NN
L
NN
biittinl
DL
b

fiename ICorB

a8 [+089 [0.00 [[000 [000 [[ 000 [[000 [ 000 [[ 0.00 [ 0.00 || 000 [[ 000 [ 000 [ 000 |[ 000 [[ 000 [[ 0.00 || 0.00 directory [C:\Users\Bidjan Tschattschian\Or

Q| o7 1 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 generats |
T
Hz | 950 1197 [[39.372 || 62.5 (|99.212 (|157.49 | 250 ||396.85 |625.98 || 1000 || 1587.4 | 2519.8 || 4000 (|6345.6 (| 10079 (| 16000 (| 25358
bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass

impuise delay: 8192 samples, 185.76 ms
max response: 3.45 dB, max impuise: 0.01 dB

2xHz

Ranges Measurement |

Pewcpocy oz =] 0 oz ]
ampitude [1008 =] to o =]
Phase 1-150'_' to |-130‘_L[
hide result phase below [m
wrap phase m

SkHz
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Phase korrigieren (Paragraphic Phase EQ)

Bl B - rePhase 143 - ful X
File View Help
10 180°
. 157 50
2
125
> 12.5°
: =i o a5
3 SRR
= N T pre
1 =E S o s
0 e, i p— = SR oL T (R = il ™
- g T —— . v
¥ 2
2
45°
a4t
: 475
800
-112.5*
REL
575
-180°
50Hz 100z 200Hz 500Kz fiHz ZiHz SiHz 10kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q | Impulse Settings Ranges | Measurement |
taps |16384 samples Vi ]— = 7] 7
Bank [01 ~ Range [£90° Tools v|  Presets v| el | _l;.l_]_‘lﬂJ

+50

—
.

I

b

L

0
* |-20.00 || +3.34 ||-10.00 || -5.58 ||-10.00 ||-12.22 ||+15.58 || 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Q| 095 2 1 1 1 0.7 1.5 20 20 20 20 20 20 20 20 20 20
Hz | 200 1832 70 80 0 100 3500 |[1396.85 (|629.98 || 1000 || 1587.4 ||2519.8 || 4000 [|6349.6 (| 10079 || 18000 || 25358
bypass | bypass | bypass | bypass | bypass | bypass | bypass E bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass

FFT length {65536 v | samples

middie
use closest perfect impuise

windowing |hann b

optimization |none ~| to |-100 *| ¢B

rate (44100 v| Hz

format [64 bits EEE-754 (.dbi)

centering

-
-

|

fiename ICorB

directory |C Wsers\Bidjan Tschaitschian\O1

generate |

impuise delay: 8192.012 samples, 185.76 ms
max response: 3.45 dB, max impuise: 0.39 dB

Frequency [20z  ~| to [1okiz ¥
Ampltude ]m to m
Phase m to |-130‘—L[
hide result phase below [-100d8 ¥ ]
wrap phase m
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Pegel unter 0.0 dB in Output Settings

Bl B - rePhase 143
File View Help

MUSIC
WONDER

10

@

-10

20Hz

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fitters | Paragraphic Phase EQ | Paragraphic Gain EQ

Output Settings

2

@8
polarnity

[prnl
[TTT]

gt

Jrrrrrnnnnng
L

Note

S0Hz

100Hz

200Hz

200Hz TkHz

Impulse Settings

taps (16384 samples
FFT length {65536 v | samples

middie
use closest perfect impuise

windowing |hann »

optimization |none ~| to |-100 *| ¢B

rate [44100 | Hz

format [64 bits EEE-754 (.dbi) |

centering

-
-

fiename |CorB

directory |C Wsers\Bidjan Tschaischian\O1

generate l

impulse delay: 8192.013 samples, 185.76 m:
max response: 3.45 dB, max impuise: 0.27 dB

ez

Ranges | Measurement |
Views Fil__iu 5 | copy
Frequency [201z ] to [10kHz ¥
Ampltude m to m
Phase m to Fﬂ-
hide result phase below [-100d8 |
wrap phase m
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Generieren und fertig

Bl B - rePhase 143 - ful X
File View Help
10 180°
® 157.5°
8
_ 1350
s 112.5*
. -

204z 50Hz 100Hz 20042 500Hz fkHz k2 SHz 10kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q | Impulse Settings Ranges | Measurement |
taps |16384 samples -
Output Settings Note Views [ 2| 3|4 [ 5| coov
FFT length |65536 v | samples
2 Frequency [20Hz v | to [10kHz vi
@

middie e
centerin — Ampltude I-1DdB v| to |10dB 'i
9 use closest perfect impulse = e

wndowng[h Phase !-180' | to [180° L!
o |n°ne Ll 5 |-1oo;| s hide result phase below |-100d8 v |

wrap phase |yes vi
rate [44100 L[ Hz BE 4

L1

lEerrrnnnnny
L

format [64 bits EEE-754 (.dbl) ~|
24 fiename |CorB
- T directory |C:\Users\Bigjan Tschattschian\Os
ety jhd v generate |
tme | norm w
— impuise delay: 8192.013 samples, 185.76 ms

max response: -0.15 dB, max impuise: -3.33 dB
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Priufung durch Messung mit neuem Filter

File Tools Preferences Graph Help Donate Pro upgrades REW V5,40 Beta 103 = a X
r e 5 el d A A~ - v
= B X O W w Il 7~ i E@ Wi X7 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
» 12 = Show all v + 3
L TAnseL | : : : “v?
- SPL & Phase | AlISPL | Distortion Impulse @ Filtered IR  GD RT60 RT60 Decay Clarity Decay Waterfall | Spectrogram = Captured i
Capture : Separate  Scrollbars Freq. Axis Limits Controls
SPL
®
ref o
T 100
SPL v
93,84}
%0
! 85 i .
I AT
A | | A \
i el \ k ) T \
~ : i M
r—n
L
15: b-ref
75 i
16: b-check
70
10..250
-
20 .. 20k
= - © @
20 30 40 S0 60 70 80 90100 200 300 400 EO_E] 600 700 900 1k 2k 3k 4k Sk 6k 7k Bk 9k 10k k 16k 20kHz
4 b
&) 15: b-ref [FDW) V) 80,5 dB ) 16: b-check —_— 80,1 dB
277/470MB 441 kHz Int32L0n, Int32L out, 1024 C 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Smoothing wie vorher mit FDW 6 cycles

File Tools Preferences Graph Help Donate Proupgrades

r e 5 g} d A A~ b v
a0 B X O W w I~ i E@ Wi X7 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
» = Showall ¥ FS
= , : €1
{ i~ e ‘ SPL & Phase | AllSPL Distortion Impulse | Filtered IR GD RT60 | RT60 Decay = Clarity Decay Waterfall Spectrogram = Captured i
, i Scrollbars Freq. Axis Limits Controls
20, IRWindows — X
7m b-check ® 1800 .
Left: Rectangular w
IA © 150
Right: Rectangular A
8m|
120
d, Left width (ms): 500 ¥
om| Ref Time (ms): 0,000 % 90
d.- Right width (ms):  1.000 % |
=] Freq. resolution: 1,00 Hz o
1on
| Span in samples: 66.150
| 30
2 AddFDW 6cycles & S— - ——— —— E— i i i — — = =
11 1~ ~
1 = .
!
| v 4 \
= -30
128 Add MTW §
n(/ Multi-time 1.000.. 1,1 ms ¥ J / | \“
2 v : \ -60
— Save settings as preset | \ ,
138 / ] | \ AN\
j Show presets / [ vl \ -90
0 [ \
: \
i Apply windows to all Lt -120
‘,4 Apply to all, keep ref time 10..250
L ; -150
= Apply to All SPL selections 20 20k
/ Apply to Impulse overlay selections i | e e v
0 " e = 40 50 60 70 80 90100 200 300 400 [500/ 600 700 900 1k 2k 3k 4k 5k 6k 7k 8k 9k 10k 13k 16k 20kHz
4 »
16 b-check - o -~
I "\\\ ) b-check [FOW] ~{/s} 79,8 dB ) Phase 1/agt 2,1 deg v
2 008 v Mic Cal -0,2dB Soundcard Cal -0,0dB
253/472MB 441 kHz Int32L0n, Int32L out, 1024 C 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Nochmal minimal verbessert

File Tools Preferences Graph Help Donate Pro upgrades REW V5.40 Beta 103 = a X
—= he=) d8 AV + - v
f | b
= e X 9 W 83 \/\ I I N~ L E@ il X / V4
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
» = Showall ¥ ) &
N - L SPL & Phase | AllSPL Distortion Impulse | Filtered IR GD RT60 | RT60 Decay = Clarity Decay Waterfall Spectrogram = Captured + L
ZJ Capture Scrollbars Freq. Axis Limits Controls
)
¢ o PL deg
™ . ; ® g
|
| <]
gl 200K 100 i 150
o9m :
[ 120
ﬁ 9% [ 2
i 200k |
|
10 m-sed | 90
90 '
2 20k [ 60
11 m-chec 85 [
/j ! 30
2 200k 2 i  — '—‘ﬁ—lf
e —— - e —— —_— @ — —
12b P | 2
m 77,5 = = {d
20 75 |
13b : -30
’,-/*M 7 | N
v |
2 200k : \\ -60
| \
ub 65 | | '\\/’ |
[ -90
|
2 20 ™ // {
60\ a \_
15 b- ref / " -120
\/ : \\_\
{ N
) 200k 55 } { 1 N\ 150
| \
16 b-check | \
| \
TN || - | \ .
20 200K 20 30 40 50 60 70 8(884{100 200 300 400 500 600 700 900 1k 2k 3k 4k 5k 6k 7k 8k 9k 10k 13k 16k 20kHz
17 b-check2 ! — »
) b-check2 [FOW] Vi 77,6 dB @ Phase 1/} 30 deg v
2 o0 v Mic Cal 02dB Soundcard Cal -0,0dB
651/830MB 441 kHz Int32L0n, Int32L out, 1024 C D C 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Ergebnisse Workflow Teil 1

* Alle Treiber wurden
« einzeln gemessen in REW
 linearisiert in Frequenzgang und Phase in rePhase
* kontrolliert in REW
« und ggf. nachkorrigiert

 Fur H, M und B sind jetzt Basisfilter vorhanden.

« Mit Messungen aus 1 Meter Entfernung werden wir jetzt
Crossover auswahlen und Voreinstellungen fur Attenuation
und Delay vornehmen.
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Workflow Teil 2
Zusammen grof} Aufspielen

Messen auf 1m
Crossover, Dampfung, Delays

169



MUSIC
WONDER

Vorbemerkung

 Um passende Crossover auszuwahlen, kann man sich nicht
auf Frequenzgang und Phase im Nahfeld alleine verlassen.

« Zu berucksichtigen sind u.a. Verzerrungen, die
Resonanzfrequenz, das Impedanzverhalten, die
Abstrahlcharakteristik unter Winkel etc.

« Wir gehen davon aus, dass der empfohlene Spielbereich
jedes Treibers bekannt ist. Idealerweise auch TSP-Daten.

* Die Original HECO-PSM-1000 hatte ihre Crossover passiv
bei 900 Hz und bei 4 kHz.

« Bevor wir mit den Messungen starten, zeigen wir ein paar
grobe Messungen unter Winkel, die uns helfen bei der

Auswahl der Crossover-Frequenzen.
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Winkelmessungen H (grob)

Overlays

L

SPL

»l: = Show all +
b-ref -

16: b-check

17: b-check2 88

18: h-wr

19: h-wr 86

20: h-wr

21: h-wr

22: h-wr

23: h-wl

24: h-wl .

25: h-wl

26: h-wl

27: h-wl

28: m-wr 78

80

29: m-wr

30: m-wr

°®

SPL

Linearity = Distortion

ETC Step GD RT60 Clarity

MUSIC
WONDER

= (s X
] &
. 08

75,54
31: mewr ;

32: m-wr 74
33: m-wl
: m-wl

34: m-w 7
35: m-wi
36: m-wi

70|
37: m-wl
38: b-wr
39: b-wr
40: b-wr

41: b-wr 66

68

42: b-wr

500

43: b-wl
44: b-wl
45: b-wl
46: b-wl
47: b-wl

AL
B

A1

38,5dB
435dB

41,248
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Winkelmessungen M (grob)

Overlays = a

-

»lz = Show ol | ¥ L) lSPl Predicted SPL = Phase = Predicted Phase | Level Linearity = Distortion Impulse ETC Step GD @ RT60 = Clarity 3D 7’\\%2‘ €
14: |
: SPL

5: b-ref a
16: b-check
17: b-check2 88
18: h-wr

@

SPL v

19: h-wr 86
20: h-wr
21: h-wr
22: h-wr
23: h-wi
24: h-wi
25: h-wi
26: h-wl
27: h-wl
28: m-wr %

82

80

29: m-wr

30: m-wr

75,54

31: m-wr ;

32: m-wr 74
33: m-wl
4: m-wl
> m-w ?z
35: m-wl
36: m-wl
70
37: m-wil
38: b-wr
39: b-wr
40: b-wr

41: b-wr 66

68

42: b-wr

400 5k 6k
43: b-wl < »

44: b-wl

) 28: m-wr Psy 64,8 dB ) 29: m-wr —{ Py |- 64,9 dB ) 30: m-wr Psy 658d
2: mewr Pey 64,8 dB @ 33: m-wl oy }- 67,6 dB
- d

45: b-wl ) 31: m-wr Psy 66,2 dB )
46: b-wl @ 34 { Psy ) 35: m-wl ‘“’L" 67,5dB ) 36: m-wl — Py
47: b-wl B @) 37: m-wl Psy - 65,8 dB

‘
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Winkelmessungen B (grob)

Overlays = o X
»dz = Show all ¥ & SPL | Predicted SPL  Phase = Predicted Phase = Level Linearity = Distortion Impulse ETC Step GD RT60 Clarity )ﬁ 7’%“7 1-:-) ©F
14 b i
SPL
15: b-ref a
u ®
16: b-check
e
17: b-check2
92 SPL v
18: h-wr
19: h-
9: h-wr 90
20: h-wr
21: h-wr 88
22: h-wr
23: h-wl 86
24: h-wl 5
25: h-wi 8
26: h-wl
27: h-wl 82
28: m-wr
80
29: m-wr -
30: m-wr 78
31: mewr
32: m-wr
75,541
33: m-wl
34: m-wl AN
35: m-wl
36: m-wl L
37: m-wl
70
38: b-wr
39: b-wr 68
40: b-wr 67
41: b-wr 66
42: b-wr "

20 30 40 50 60 70 80 90 100 200 300 400 @ 600 700 800 900 1k 6k 7k 8k 10kHz
43:b-wl ‘ '
44: b-wi o s - = o e

) 38: b-wr Psy 88,6 dB ) 39: b-wr 88,3dB () 40: b-wr Psy 87,7dB
45: b-wi ) 41: bowr Ps/ 87,3 dB @ 42 bowr Py - 85,2 dB ) (Py }
46: b-wl 44; b-wl —{Psy |- 89,3 ) 45 b-wl —{Py |- 89,1 dB ) 46: b-wl —{Pw - 88,3 d8
47: b-wl - ) 47: b-wl
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Wir messen aus 1 Meter Entfernung

4

Hohe des
Mikrofons (H, )

g

| Mikrofon horizontal |
in der Mitte
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Festlegung Crossover zum Start

* Wir starten mit 1.200 und 3.000 Hz jewells mit Linkwitz-Riley
4. Ordnung (24 dB pro Oktave).

« Die Crossover werden in rePhase bei jedem Treiber
passend eingetragen und die Filter neu generiert.

« Danach messen, testen, tunen ...
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Crossover H setzen
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Bl H - rePhase 143 - ful X
File View Help

10 180°
¥ 157.5
D [E—— = =

i 128
8 hars 1125
5 - S 30*
4 o 675
3 T

45

2 nsy
" Sl s
0
-1
2
2
4
5
8
3
e
&
-10
500Hz fiHz 2cHz SiHz 10kHz

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Filters | Paragraphic Phase EQ | Paragraphic Gain EQ

Linear-Phase Filters

type shape param freq
[nign-pass =] [Linkwitz-Riey ~| | 24 dsroct | 300d
[nigh-pass =] | = d8ioct | 1000
[nigh-pass =] | =~ d8ioct | 1000
[high-pass ] [ =1 dBloct | 1000
[nigh-pass =] | =1 dsioct | 1000
[hign-pass ] | =l dBloct | 1000
[nigh-pass =] | ~| | dsioct | 1000
[righ-pass ] | = dbioct | 1000

Hz

Hz

Hz

Hz

Hz

Hz

Hz

=y

AN

Impulse Settings

‘ taps 16384 samples

Ranges ‘ Measurement

import from fie

import from clipboard

Andern des Highpass
von Linkwitz-Riley
48/1000 auf 24/3000

complementarity will be lost
generate |

ac 7

impulse delay: 8192.08 samples, 185.761 ms
max response: 0.54 dB, max impulse: -5.52 dB

bypass

gain offset |»77 S

dB

time offset |0 usec

hide magnitude

hide phase

invert response

invernt polanity

aame: href
data:

ranges
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Immer Bypass anpassen und generieren

Bl H - rePhase 143 - lal X
Immer unter die | -
; Nullinie, auch fur M | |-

General  Filters Linearization | Linear-Phase Filters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ

Qutput Settings Note

Impulse Settings

taps (16384 samples
FFT length 55536 | samples

4 —]—

0
0

polarity

tme

middie

centering

-
-

use closest perfect impuise

windowing |hann |
~] to [-100 =] 6B
rate [44100 | Hz

format [64 bits EEE-754 (.dbi) Rd

optimization ]ncne

fiename ICorH

directory ]C Wsers\Bidjan Tschaitschian\O1

generate |

Ranges | Measurement

import from file

I import from clipboard

bypass

gain offset |-77.5 dB
time offset |0 psec

hide magnitude

ciear

hide phase

nven response

nven polarity

Immer hier den

Filter generieren
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Crossover M setzen

EI M - rePhase 14.3
File View Help

MUSIC
WONDER

@ ® o

b & b b owm

5]

24
28

-28

-30

500Hz

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ

Linear-Phase Filters

2uHz

Impulse Settings

taps |16384 samples
FFT length {65536 v | samples

BkHz

Ranges | Measurement |

e [ 2] E |6 <o ]

type shape param freq Tips . Frequency [250Hz Ll to |20kHz ﬂ
|hlgh-pass :l |Lmkwﬁz-mey LI | 24 dBloct I 1200 Hz Check f m
e e e e T Highpass Linkwitz-Riley 24/1200 |-
[nigh-pass =] | =~ dioct | 1000 Hz \g:dmf,’;\, . . . 10008 <]

nuttall sH
oroms = | A =l | 2] Lowpass Linkwitz-Riley 24/3000 |=—=
[nigh-pass =] | =1 d8ioct | 1000 Hz o
- TOTTET o OIS T IO -
s | T e [ e | | e
same taps, centering and fiename [Corlt
|“'9“‘D‘55 =l | =l | dsloct | 1000 Hz windowing settings for both
sides of the crossover or directory |C \Users\Bidjan Tschaitschian\01
Ihlgh-pass =l | =l | dBloct | 1000 Hz complementarity will be lost

generate

impulse delay: 8191.971 samples, 185.759 ms
max response: 6.52 dB, max impulse: 0.53 dB

178



MUSIC
WONDER

Crossover B setzen

Bl B - rePhase 143 - ful X
File View Help
10 180°
Y
9 e 157.5°
8 e
"~ 1350
7 S~
8 N 112.5°
\\
5 - 0 -
4 = o 7.5
3 e
oS 45°
2 e
~— 25
1 S o 2
0 e e P Ld 0
S 7
2 et 28
2
45
a4
[ 75
44 '
]
5 44 0
|4 -112.5
]
'\ i
3 S
5 15750
-3
-10 -180°
204z 50Kz 100Hz 200Hz 500Hz fiHz Tz Sz 10KHz

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q | Impulse Settings Ranges | Measurement
taps |16384 samples import from fie impon from clipboard
Linear-Phase Filters
FFT length |65536 v | samples bypass ciear
type shape param freq T
Ilnw-pass Ll ILmkwﬂz-Rﬁey lJ | 24 dBloct I 1200
. . .
s =1 | =1 [ amot [0 Lowpass Linkwitz-Riley 24/1200 |...
Ihlgn-pass LI | LI | dBloct | 1000
nuttall should give good optimzation |none =] to |00 x| @8
Ihlghvpass ﬂ I j | dB/oct | 1000 Hz results) and optimization
settings rate (44100 ¥| Hz
Ihlgn-pass Ll I L] [ dBloct I 1000 Hz
When using Brickwall filters, format |64 bits EEE-754 {.dbl) L]
|h|gh-nass L] I :J [ dBloct I 1000 Hz make sure you use the
same taps, centering and Mename ICorB
|"'9“‘D°55 LI | LI | dBloct | 1000 Hz windowing settings for both
sides of the crossover or directory |C \Users\Bidjan Tschaitschian\01
[high-pass =] | =l dbloct | 1000 Hz complementarity wil be lost
generate I
impulse delay: 8192.016 samples, 185.76 ms
max response: -0.15 dB, max impuise: -3.8 dB
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Die neu generierten Filter hochladen
Filter
H CorH.dbl v att 3 del o0
M CorM.dbl v att 3 del 0

B (CorB.dbl v] att 3 del 0
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Messung H

File Tools Preferences Graph Help Donate Pro upgrades REW V5.40 Beta 103 = a X
— | el d8 A A~ - 5y
f b
= x O LN R Il A~ b E@ i 37 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
» 12 = Shi Lihg
l i s & = = € I » 08
4% n-wr - — SPL & Phase | AllSPL | Distortion Impulse  Filtered IR GD  RT60 | RT60 Decay | Clarity Decay Waterfall =Spectrogram = Captured i
7 Capture Separate  Scrollbars Freq. Axis Limits Controls
21: h-wr
22: h-wr - S
23: h-wl - ®
24: h-wi e
25: h-wl SPL M |
26: h-wl 5 /-*‘ :
27: h-wl — \\ S A L L
80 E — ‘ ===
28: m-wr / |
29: m-wr 73 — :
30: m-wr 70 = ‘
31: m-wr
32: m-wr
33: m-wl 60
34: m-wl
35: m-wl
36: m-wl 50
37: m-wl 4
38: b-wr
3 bewr &
= == Geglattet mit
egiatie I
41: b-wr
: 30 . .
42: b-wr —
| Smoothing = Psychoacoustic
43: b-wl 10..250
44: b-wi 20 20 .. 20k
45: b-wl - | e ®
46: b-wl 500 600 700 800 900 [1,000k 2k 3k 4k 5k 6k 7k 8k 9% 10k 11k k 4k k 18k 20kHz
47: b-wl 2 '
48: h-LR24-3000 - (¥) 48: h-LR24-3000 Psy 44748
862/106TMB  44.1 kHz Int32L in, Int32L out, 1024 C 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Messung M - Ildentischer Pegel!
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File Tools Preferences Graph Help Donate Pro upgrades REW V5,40 Beta 103 = a X
r i Ao 4 A N~ + - 8%
I A = = 5 A \
e =W X O W~ s3 v Il 2 i E@ W %7 s/
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arnthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
» 12 = Show all ¥ + X
g 2 = €. ¥
£1: ewr - — SPL & Phase | AllSPL | Distortion Impulse  Filtered IR GD | RT60 RT60 Decay Clanity Decay @ Waterfall Spectrogram = Captured i
2 Capture Separate  Scrollbars Freq. Axis Limits Controls
22: h-wr
23: h-wl - S
24: h-wl ®
25: h-wl e
26: h-wl el
27: h-wl g ———— S i -
28: m-wr —— - — =
80 A S
29: m-wr — - e ——
30: m-wr 7 e T =
31: m-wr 70 /" ~
32: m-wr - N
33: m-wl = A . .
34: m-wl 60 4_,"".’ N
35: m-wl //' -~ ~
36: m-wl ~
37: m-wl 50 / ™ ~
38: b-wr - S -
3%: b-wr ™
40: b-wr 40 : =
41: b-wr "\.‘\
42: b-wr e ——
30
43: b-wl
44: b-wl 10.. 250
45: b-wl 20 20 .. 20k
46: b-wl s e ®
47: b-wl 500 600 700 800 900 1,000k % 3k 4k 5k 6k 7k Bk 9 10k 11k 12k 2) ) k 20kHz
48: h-LR24-3000 : *

49: m-LR24-1200-3000

671/999MB

44.1 kHz Int32L in, Int32L out, 1024

(V) 49: m-LR24-1200 —{psy 77,9d8B

v

Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;

32-bit input data Max input 120 dB SPL
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Messung B - Identischer Pegel!
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File Tools Preferences Graph Help Donate Pro upgrades REW V5,40 Beta 103 = [a] X
i Em 2 .~ . N N~ + = 42
0 M X O W w v Il 2 b E@ W X7 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
» 12 = Show all ¥ P
: L) : €. O
£E newr - — SPL & Phase | AllSPL | Distortion Impulse | Filtered IR GD RT60 RT60 Decay @ Clarity Decay =Waterfall Spectrogram = Captured i
= Capture : Separate Scrollbars Freq. Axis Limits Controls
23: h-wi
24: h-wl - SR
25: h-wl ®
26: h-wl ©
27: h-wl % spL v
28: m-wr
29: m-wr
80
30: m-wr
31: m-wr 7
32: m-wr 70
33: m-wl
34: m-wl
35: m-wl 60
36: m-wl
37 m-wl
38: b-wr 50
39: b-wr 4
40: b-wr @
41: bowr &
42: b-wr
43: b-wl
30
44: b-wl
45: b-wl 10..250
46: b-wl 20 20 .. 20k
47: b-wl s e ®
48: h-LR24-3000 20 30 40 50 60 70 80 90 100 200 300 400 500 600 700 80O 1,0k 1,453k 2,0k 3,0k 40k 50k 60kHz
49: m-LR24-1200-3000 3 '
50: b-LR24-1200 - () {Ps }
693/999MB 44.1 kHz Int32L in, Int32L out, 1024 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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H, M, B zZusammen

File Tools Preferences Graph Help Donate Proupgrades REW V5,40 Beta 103

A —_ i:g %’m 6 % A F. W A = e ‘u

Measure Open Saveall Removeall Info IR windo

Preferences

REW is free software, but if you can afford to lopment ®

» iz = Show all
£G W - L9 SPL & Phase | AllSPL | Distortion = Impulse EpruTeq
Capture .

23: h-wi

24: hewl o
25: h-wl
26: h-wl
27: h-wi

+ g
1-+‘) O

Separate Scrollbars Freq. Axis Limits Controls

(C]
90 ©

L v
8 } 3 T~
82,9 .

29: m-wr 80 1 1/

28: m-wr

30: m-wr
31: m-wr 75 | /
32: m-wr /
33: m-wl /
34: m-wl ‘

35: m-wl

36: m-wl
37: m-wl
38: b-wr
39: b-wr
40: b-wr
41: b-wr
42: b-wr
43: b-wl

w / \

A \ |
/ \J
\ 3 / \

/ \
44: b-wl |

/
45: b-wl 35 | — -—\4_/\// | | \10 . 250
45: bewi ‘ '
47: b-wl 30 § ‘ i e ®
48: h-LR24-3000 20 30 40 50 60 70 80 100 200 [28%p 400 500 600 700 800 1k 2k 3k 4 Sk 6k 7k 8k 10k 13k 16k 20kHz
49: m-LR24-1200-3000 1
50: b-LR24-1200 () 48: h-LR24-3000 43348 () 49: m-LR24-1200

v

—{psy 39,4 dB (7] R24 { Psy

244/999MB 441 kHz Int32L0n, Int32L out, 1024 C 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Ein schones ,X“ im Crossover

 Der Ubergang zwischen M und B sieht noch nicht schon
aus.

« Wir konnen jetzt die Crossoverfrequenz verschieben
und/oder die Flankensteilheit andern.

 Advanced

« Wir kbnnen uberprufen, ob das gemessene Crossover vom
programmierten Crossover stark abweicht.

* Falls ja, konnen wir ein Crossover asymmetrisch programmieren, der sich
elektrisch sauberer verhalt.

* In unserem Beispiel probieren wir erst eine steilere Flanke
zwischen M und B aus und verschieben dann den
Crossover nach unten.
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Crossover Highpass in M auf 48 dB

MUSIC
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EI M - rePhase 14.3 - ful X
File View Help
10 180°
8 157.8*
R = 128
4 e i b e
- e 12.5°
0 %
2 a7.5*
4
45
4
3 2750
10 == I S o e T T X
-12 > )f -22.5
-14 ,I
-18 T ,’/' ol
4 o 87.5°
20 =
2 1125
24
-135*
- 15780
20 1800
500Hz 1kHz 2uHz SkHz 10kHz 20kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q | Impulse Settings Ranges | Measurement
taps |16384 samples import from file import from clipboard
Linear-Phase Filters
) FFT length |65536 v | samples bypass Sear
type shape param freq Tips
| ] T4 | o = gain offset [-815 d8
high-pass ¥ | |Linkwitz-Riley i dBloct | 1200 Hz Check f litud i centering —
aoj::n ton;:::pnol:s: 'r\':gr“ use closest perfect impulse | time offset |0 psec
|WW-DI5! ;J ILmkWﬁZ'R'\ﬂY LI | 24 dBloct I 3000 Hz using a large range in the ind l—_:j hide magnitude hide phase
graph, and try different Rk jhann = e
|“'9"‘|:‘355 LI | LI I dB/oct | 1000 Hz windowing (blackman or
el shoiud ohee pond optimization [none >| to [-100 ~| @B
[hign-pass > | | =l dBioct | 1000 Hz resutts) and optimization
settings rate [44100 v| Hz
Ihsgn-pass Ll I L] [ dBloct I 1000 Hz
When using Brickwall filters, formet IEA bis EEE-754 (dbl) L]
|h|gh-Dass :] I :J [ dBloct I 1000 Hz make sure you use the fie IC 7Y
same taps, centering and ame )0
|hl9h-9355 LI | LI | dB/oct | 1000 Hz windowing settings for both
sides of the crossover or drectory |C:\Usersiidjan TschatschianiOr
[high-pass > | | =l dBloct | 1000 Hz complementarity wil be lost

generate I

impulse delay: 8191.971 samples, 185.759 ms
max response: -0.15 dB, max impuise: -19.18 dB
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Crossover Lowpass

MUSIC
WONDER

in B auf 48 dB

Bl B - rePhase 143 - ful X
File View Help
10 180°
=
® e 157.5°
g TP
< 135°
: k. 11250
5 s s0°
. = a5
3 e
S pre
3 .
1 e =) 25
! e I P = 0
= / N a7
-1 “\\ ,'I Seoe? 228
2 S
- 45
a4
-4 875
s =0
a4 1125
K
'\ s
3 N
: 15750
-]
10 -180"
20Hz 50Hz 100Hz 200Hz 200Hz fiHz Tz SiHz 10KHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q | Impulse Settings Ranges | Measurement
taps |16384 samples import from file import from clipboard
Linear-Phase Filters
: FFT length |65536 ¥ | samples bypass cear
type shape param freq Tips
i = gain offset [-75.4 d8
low-pass ¥ | |Linkwitz-Riley - 48 dBloct | 1200 Hz t —
I _l I _J [ I hoch for anpace Topos cemerog use closest perfect impulse v time offset |0 psec
down to your noise floor ad
|r"‘3"‘p“s lJ I LI [ dBloct I 1000 Hz using a large range in the . lﬁ hide magnitude hide phase
graph, and try different windowing |hann b
|“'9"‘|:‘355 =l | =l I dBloct | 1000 Hz windowing (blackman or ol - :
el shoiud ohee pond optimization [none >| to [-100 ~| @B
I'“Q""Pa” ﬂ I j | dB/oct | 1000 Hz results) and optimization I'“”m—? -
settings. - %
Ihsgn-pass Ll I L] [ dBloct I 1000 Hz
When using Brickwall filters, format IE’4 bis EEE-754 (-db) L]
|h|gh-nass l] I :J [ dBloct I 1000 Hz make sure you use the — ICorB
same taps, centering and
|“'9h":"-'"'s LI | LI | dBloct | 1000 Hz windowing settings for both s IC'\U e ————
sides of the crossover or -+ OIS UK TAChANSCINANEN
[high-pass > ] | = | dBioct | 1000 Hz complementarity wil be lost

generate I

impuise delay: 8192.016 samples, 185.76 ms
max response: -0.15 dB, max impulse: -28.48 dB
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Immer dran denken: Bypass unter
Nulllinie, Filter generieren und hochladen

Filter
H CorH.dbl v att 3 del o
M CorM.dbl v att 3 del 0

B [ CorB.dbl v] att 3 del 0
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Neue Messungen von M und B ,steiler%

File Tools Preferences Graph Help Donate Proupgrades REW V5,40 Beta 103 = o X
r j e A 4 A~ + - (8%
= = X @ A~ 83 , o A~ e E@ Wil %7 s
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a d . . ®
» 15 = showall v . Steiler stimmt — aber das —
: - L) + v
ctitbad) - E SPL & Phase | AllSPL | Distortion Impulse  Filtered IR GD = RT60 = RT60 Decay o
27: hewl apture ht h b Axis Limits Controls
i geht noch sauberer
28: m-wr =
29: m-wr @®
30: m-wr 90 e —
31: m-wr SPL
85 - .
32: m-wr T
33: m-wl 50 = +
34: m-wl o 1
35: m-wl 75 = :‘ :
36: m-wl /
37: m-wi 70
38: b-wr \
39 b-wr (63,0}~ "
40: b-wr
60 ra \
41: b-wr \ A
42: b-wr 55 I'\
43: b-wi 5 \ / \
\ | \
44: b-wl 50 \ ""
45: b-wi = ;i
46: b-wl & X X _
47: b-wl \
40 =7
48: h-LR24-3000
49: m-LR24-1200-3000 35 _ 10.. 250
50: b-LR24-1200 \ 20 .. 20k
51: m-LR48-1200-LR24-3000 L —~— . — 9 @
52: b-LR48-1200 20 30 40 S0 60 70 80 [1048 200 300 400 500 600 700 800 1k % 3k 4 Sk 6k 7k 8 10k 1 20kHz
53: b-LR48-1000 3 L4
54: m-LR48-1000-LR24-3000 (¥) 51: m-LR48-1200-LR24-30 —{psy - 45,748 (V) 52: b-LR48-1200 —{py - 31,1 dB

731/999MB

v

441 kHz Int32L in, Int32L out, 1024

32-bit input data Max input 120 dB SPL

Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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M Crossover Highpass
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auf 1000 Hz

EI M - rePhase 14.3 - ful X
File View Help
10 180°
8 157.8*
[ [
180
4
2 112.5°
0 90*
2 a7.5*
4
45
4
3 225
10 i e R LR TR PP TR TERPEREY Yo
-12 \\ :.' 228
-14 S, #
S 7 450
-18 s S =
4 T 87.5°
20 =
2 1125
24
138*
-28
- 15780
30 -180*
500Hz 1kHz 2uHz SkHz 10kHz 20kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q | Impulse Settings Ranges | Measurement
taps |16384 samples import from file import from clipboard
Linear-Phase Filters
) FFT length |65536 v | samples bypass Sear
type shape param freq Tips
| ] ot % o = gain offset [-815 d8
high-pass ¥ | |Linkwitz-Riley i 48 dBloct | 1000 Hz Check f litud i centering —
aoj::n ton;:::pnol:s: 'r\':gr“ use closest perfect impulse | time offset |0 psec
|l°W-DIS! ;J ILmkWﬁZ'R'\ﬂY LI | 24 dBloct I 3000 Hz using a large range in the ind l—_:j hide magntude hide chase
graph, and try different Rk jhann = e
|“'9"‘|:‘355 LI | LI I dB/oct | 1000 Hz windowing (blackman or
el shoiud ohee pond optimization [none >| to [-100 ~| @B
[hign-pass > | | =l dBioct | 1000 Hz resutts) and optimization
settings rate [44100 v| Hz
Ihsgn-pass Ll I L] [ dBloct I 1000 Hz
When using Brickwall filters, formet IEA bis EEE-754 (dbl) L]
|h|gh-Dass :] I :J [ dBloct I 1000 Hz make sure you use the fie IC 7Y
same taps, centering and ame )0
|hl9h-9355 LI | LI | dB/oct | 1000 Hz windowing settings for both
sides of the crossover or Sackay IC:\Users\B-d)an Enchabschianios
[high-pass > | | =l dBloct | 1000 Hz complementarity wil be lost
generate I

impulse delay: 8191.971 samples, 185.759 ms
max response: -0.22 dB, max impulse: -19.79 dB
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B Crossover Lowpass auf 1000 Hz

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q | Impulse Settings Ranges | Measurement
taps |16384 samples import from fie | impon from clipboard
Linear-Phase Filters
Tos FFT length |65536 | samples bypass Clear
type shape param freq
o = gain offset [-75.4 d8
low-pass ¥ | |Linkwitz-Riley - 48 dBloct 'IC*}U Hz h £ i centerin —
I _l I _J [ I :O:fnktoo;sﬁp:::: ::g,“ 9 use closest perfect impulse | time offset |0 psec
|h|qh-pass lJ I LI [ dBloct I 1000 Hz using a large range in the . hide magnitude hide phase
graph, and try different T i = vert polarity
|“'9"‘|:‘355 LI | LI I dB/oct | 1000 Hz windowing (blackman or
el shoiud ohee pond optimization [none >| to [-100 ~| @B
[high-pass =] | =l dBioct | 1000 Hz resutts) and optimization
settings rate [44100 v| Hz
Ihsgn-pass Ll I L] [ dBloct I 1000 Hz
When using Brickwall filters, formet IEA bis EEE-754 (dbl) L]
|h|gh-nass l] I :J [ dBloct I 1000 Hz make sure you use the
same taps, centering and Hename ICorB
|hl9h-9355 LI | | | dB/oct | 1000 Hz windowing settings for both .
sides of the crossover or Sackay IC,\Users\Bnd)an Enchabschianios
[high-pass =] | =l dBloct | 1000 Hz complementarty wil be lost
generate I
impuise delay: 8192.016 samples, 185.76 ms
max response: -0.15 dB, max impuise: -28.79 dB

Bl B - rePhase 143 - ful X
File View Help
10 180°
Y
s i 15750
g
B 128°
7 S~
: k. 11250
\\.
. e %0
4 B 7.5
3 e
S 45°
3 ..
. . =
e ;
0 e - - rauis - —- o
- o 2] 28
2
45
a4
3 875
s =0
a4 1125
7 \
RELS
3 ~
3 EEES
10 -180°
204z 100Hz 200Hz 500Hz fiHz k2 10Kz
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Ergebnis in REW - es werde ein ,, X

File Tools Preferences Graph Help Donate Pro upgrades REW V5,40 Beta 103 = a X
f o) S d AN N~ + - [
i X O W B Il ¥ i E@ i X7 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
» l'. — Show all + * %
= - : z €. ¥
£ newn - — SPL & Phase | AllSPL | Distortion Impulse  Filtered IR GD  RT60 | RT60 Decay | Clarity Decay Waterfall =Spectrogram = Captured -
27 hewd Capture Separate  Scrollbars Freq. Axis Limits Controls
28: m-wr = SR
29: m-wr ®
30: m-wr %0 e e - | . "
31: m-wr SPL v | / S~ \'\z TN i ——
32: m-wr 9 e -7 —
33: m-wl 80 = = e '«.\
34: m-wl It B [ . L
x i
35: m-wl 75 —t | / S S
36: m-wl / / AN
/ | f \
37: m-wl 70 7 [ / ‘ \ AY
38: b-wr : ‘.,- \
39: b-wr 64,01 s | [ L \
40: b-wr ,.‘ .“,
60 I f t \ \
41: b-wr f \ \
42: b-wr 55 =& [ ’; ‘ “.‘ ‘
43: b-wl 7 / \ \
44: b-wl 50 2 = — \.\ t f;' ! \ ‘\
45: b-wl = 5 : / \ \
46: b-wl A2 S AN / !
47: b-wl ' o — . ‘ \ N
” | = = / N
48: h-LR24-3000 — /
b — /
49: m-LR24-1200-3000 35 | . s \ 10..250
[ i — \ .
50: b-LR24-1200 | ' 20 .. 20k
51: m-LR48-1200-LR24-3000 .30 f — A=
32 b-LR48-1200 20 30 40 S50 60 70 80 [1048] 200 300 400 500 600 700 BOO 1k 2%k 3k 4 Sk 6k 7k 8 10k 13k 16k 20kHz
53: b-LR48-1000 ) *
54: m-LR48-1000-LR24-3000 - ) 53: b-LR48-1000 —{Pw - 81,1d8B () 54 m-LR48-1000-LR24-3000 —{Psy }- 44,5 dB
787/999MB 44,1 kHz Int32L in, Int32L out, 1024 C 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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H, M, B zusammen nach Anpassung

MUSIC
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File Tools Preferences Graph Help Donate Pro upgrades REW V5.40 Beta 103 = a X
i — et N N~ + - [
(A —_ :ﬁH X 6 ﬂf\w 83 v I I N~ 'L E@ |llllL X 7 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
» l'. — Show all + " 0
=Sz K ; " € +* > ¥
£ newn - — SPL & Phase | AllSPL | Distortion Impulse | Filtered IR GD RT60 RT60 Decay @ Clarity Decay =Waterfall Spectrogram = Captured -
7 Capture : Separate  Scrollbars Freq. Axis Limits Controls
27: h-wi
28: m-wr = SR
29: m-wr ®
30: m-wr % © s I : W
31: mewr SPL : e AN T N o — [
5 — — N = |
32: mewr . N / \
33: m-wl -~ T A T
80 = 7 Y 1 \
34: m-wl - = - 4 \ = |
i’ / : |
35: m-wl 75 S et / o=
36: m-wl f ‘ \
/ \ "
37: m-wl 70 F / ".‘ AY
/ — / \ \
38: b-wr y / \ \
39: b-wr 64,0~ 2 // )
40: b- / \
W 60 / / \
41: b-wr f / \ k
42: b-wr 55 . / / \ .
\
43: b-wi w8 \ N\
44: b-wl 50 —=1 X ‘ f ‘ \ N\
— \ | . \
45: b-wl \\h o —— O
46: b-wl & Y= \/ / /
47: b-wl \ ! / \ \
o 40 — — / / \ \
48: h-LR24-3000 f / | \ \
49: m-LR24-1200-3000 38 - -—\#,-’_/\/ ! 10..250
- I \ X
50: b-LR24-1200 5 20 .. 20k
51: m-LR48-1200-LR24-3000 - 30 —— —— 1 — 0 @
32 b-LR48-1200 20 30 40 50 60 70 80 [1048 200 300 400 500 600 700 800 1k 2%k 3k 4 S5k 6k 7k 8 10k 13k 16k 20kHz
53: b-LR48-1000 ) *
54: m-LR48-1000-LR24-3000 = (¥) 48: h-LR24-3000 Py 46,0 dB (&) 53: b-LR48-1000 —{pw 81,1dB (#) 54: m-LR48-1000-LR24-3000 —{ Psy 445 dB
805/999MB 441 kHz Int32L0n, Int32L out, 1024 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Dampfung M: 0,9 dB

REW V5,40 Beta 103

File Tools Preferences

= B X6
Measure Open Saveall Removeall Info

» 1 = Show all ¥
Select all
Clear selections
Toggle selections
Select measurements from file

Clear measurements from file

ke Save selections

Graph Help Donate Pro upgrades

IRwindows SPL meter

REW is free software, but if you can afford to please click here to make a donation to help support its continuing development

SPL & Phase | AlISPL | Distortion Impulse | Filtered IR GD RT60 RT60Decay Clarity Decay Waterfall Spectrogram | Captured

A~

Overlays

. E®@ Wb %7

RTA EQ Roomsim Arthmetic

Separate

MUSIC
WONDER

Preferences

x

+ g
1-+‘) O

Scrollbars Freq. Axis Limits Controls

X Remove selections
wi Lock selections
Unlock selections
/ Set selections colour
/' Set colours to default

Change selections cal /

Copy selected responses

Add to group
m-LR48-1000-LR24-3000| | 23.10.2025 18:19:00

SPL offset (dB): 09 % Add to data

Make this the current selection

Use this as SPL reference

X Remove Lock
/ Colour Invert
E@ EQ Add to group ¥

Mic/Meter: ECM-8000-horizontal bxt
Soundcard: focusrite-scarlett-solo-4thgen-44.1.cal

Mic in box
Merge cal to IR

Response copy
Magnitude copy
Excess phase copy

Trim IR to windows

Min phase copy

Wir nutzen SPL offset bei der

Messung zum Simulieren

\ —

30 40 50 60 70 80

() 48: h-LR24-3000

32-bit input data Max input 120 dB SPL

0000 00

[¥) 53: b-LR48-1000

\\ — N — < —
N/ \
1§
d \\
‘r/ \
! \ ~
i B g
/ N ~
/ \ ‘\\
/ \‘-.
A\
\
{ \
f
J \
"\
\\
ya \
f / A
=
500 600 700 800 1k 2k 3,01k 4k 5k
(V) 54: m-LR48-1000-LR24-3000 —{Psy -

—{rsy - 30,5 dB

Right click graph or measurements for actions

W S
\
\ |
=
N
\'\,‘
10.. 250
20 .. 20k
— 0 ®
8k 10k 13k 16k 20kHz
»
77,3 dB
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Dampfung B: 1,1 dB

File Tools Preferences Graph Help Donate Pro upgrades

B g@ @ (1) W %

83
Measure Open Saveall Removeall IR windows SPL meter

REW V5.40 Beta 103

S O@ I

Generator  Scope

+ -

E@ b X,

EQ Roomsim Arthmetic
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development

Al

RTA

Info

Levels  Overlays

» 12 =
Select all

Show all v

SPL & Phase | AllSPL | Distortion Impulse  Filtered IR GD | RT60 RT60 Decay Clanity Decay @ Waterfall Spectrogram = Captured
Clear selections SEpe
Toggle selections
Select measurements from file

Clear measurements from file

ke Save selections

x Remove selections

A
~—

i Lock selections

MUSIC
WONDER

Preferences

x
- .
o G

Scrollbars Freq. Axis Limits Controls

€

Unlock selections /
/ Set selections colour
/' Set colours to default R
Change selections cal
Copy selected responses

Add to group

|b-LR48-‘I(XXi 23.10.2025 18:17:12

SPL offset (dB): 11 5 Add to data

Make this the current sele dB offset to apply when drawing

Use this as SPL reference Clea

graph trace |

rthe ref \/
X Remove
,/ Colour

E@ EQ

Lock
Invert

Add to group ¥

Mic/Meter: ECM-8000-horizontal bxt |
Soundcard: focusrite-scarlett-solo-4thgen-44.1.cal

Response copy Mic in box

———

30

40 50 60 70 80 100

——

4k

200 300 400 500 600 700 800 1k 2k 3,01k
Magnitude copy Merge cal to IR

Excess phase copy Min phase copy 48: h-LR24-3000

53: b-LR48-1000

32-bit input data Max input 120 dB SPL

76,4 dB 54: m-LR48-1000-LR24-3000 —{Psy |-
Trim IR to windows

00 20CCC 0000 0030 Right click graph or measurements for actions

.

7k 8k 10k 13k

16k 20kHz

»

77,3dB
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Attenuation eintragen in Musicwonder

WebApp
Filter
H CorH.dbl
M CorM.dbl
B CorB.dbl

att 3
att 3.9
att 4.1

8

Wir addieren auf den Basiswert 3
M:3+09=39
B:3+1.1=41

del 0
del 0
del 0
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MUSIC

INONDER
Die erste Messung mit allen Treibern
Filter
H CorH.dbl v @, att 3 del 0
M CorM.dbl v @ att 3.9 del 0
B CorB.dbl v . @ att 4.1 del ©

N

Alle einschalten
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H, M, B zusammen in lila

REW V5,40 Beta 103

v @1l

Generator Scope Levels

File Help Donate Proupgrades

W I ¥

IRwindows SPL meter

Tools Preferences Graph

WX

Save all Remove all

-
x /
Room sim Arnthmetic

Al

RTA

E@ il

EQ

A

Info Overlays

REW is free software, but if you can afford to please click here to make a donation to help support its continuing development

Measure  Open

Show all ~

» 12

£0: N-wWi

27: h-wi

V.. 4}

SPL & Phase | AllSPL | Distortion Impulse  Filtered IR GD | RT60 RT60 Decay Clanity Decay @ Waterfall Spectrogram = Captured

-

Capture

28: m-wr S

29: m-wr

® :
90 @
SPL I

30: m-wr
31: m-wr

32: m-wr

ar—
N

Separate

MUSIC
WONDER

Preferences
x
s ’
+* G

Limits Controls

*
Scrollbars Freq. Axis

33: m-wl

34: m-wl

35: m-wl

36: m-wl

37: m-wl

38: b-wr

39: b-wr

40: b-wr

41: b-wr

42: b-wr

43: b-wi

44: b-wl

45: b-wl

46: b-wl

47: b-wl

48: h-LR24-3000

49: m-LR24-1200-3000
50: b-LR24-1200

51: m-LR48- 1200-LR24-3000
52: b-LR48-1200

53: b-LR48-1000

54: m-LR48-1000-LR24-3000

4k

30 40 50 60 70 80 100 200 300 400 500 600 700 800 1k 2k 3,01k

@ 53: b-LR4s- (@) 54: m-LR48-1000-LR24-3000

(¥) 48: h-LR24-3000
55: 1m-XO-att

32-bit input data Max input 120 dB SPL

76,4 dB
81,5dB

v
0000 00:C

734/1035MB 44,1 kHz Int32L in, Int32L out, 1024

Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;

&

5k 6k Tk 8k

10..250

: 20.. 20k

| = ]
I ——&®
10k 13k 20kHz

16k
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Zwischenstand: Summation Crossover

Overlays

»

16: b-check
17: b-check2

18

19:

+z

: h-wr

h-wr

20: h-wr

21:

22:

h-wr
h-wr
h-wi
h-wl
h-wi
: h-wl
: h-wl
m-wr

m-wr

0: m-wr

L m-wr
m-wr
: m-wi

m-wl

Show all +

a

SPL

115

(ONC]

SPL
110

105

100

95

90

85

Level

Linearity

Impulse

ETC

Step GD

@

€

60

200

V) 55

1m-X0-att

500

—{Py -

700 800 900 1k

84,4 dB

- 8 x
O
‘\
10.. 250
20.. 20k
ee®

6k 7k 8k 10kHz
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Zwischenstand: Sprungantwort

Overlays

»l: =

6: b-check
7: b-check2
18: h-wr

19: h-wr
20: h-wr
21: h-wr
22: h-wr
23: h-wl
24: h-wl
25: h-wl
26: h-wl
27: h-wl
28: m-wr
29: m-wr
30: m-wr
31: m-wr
32: m-wr
33: m-wil

34: m-wl

Show all +

a

SPL  Predicted SPL  Phase Predicted Phase = Level | Lineanty Distortion Impulse ETC | Step | GD RT60 Clanty = C-I-P alg

& 0@

100]

80

60

40

-40

-60)

-80)

-100]

-120

-1,89m

e

15m 15,5ms

>

-Im 0 Tm 2m 3m 4m S5m 6m 7m 8m 9m 10m 1Tm 12m 13m 14m

) 55: 1m-XO-att _— 14 %
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MUSIC
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Wo wir stehen und was noch kommt

* Alle Messungen wurden aus 1 Meter Abstand mit Mikrofon
auf Hohe von H und M und horizontal mittig gemacht.

« Crossover sind gesetzt.
« Dampfungen wurden geeignet ausgewahilt.

« Jetzt erfolgt eine erste Zeitkorrektur

alle Treiber werden mit Loopback gemessen
die einzelnen Sprungantworten werden verglichen
passende Delays werden berechnet und getestet

201



MUSIC
WONDER

Vorbereitung Loopback

Signhalwege

« Wir messen zurzeit am Ausgang des Audiointerface mit
Output 2 (rechter Kanal), d.h. der rechte Ausgang des
Audiointerface ist verkabelt mit der FIR-BoxX und der rechte
Lautsprecher ist passend an die FIR-BoxX angeschlossen.

« Unser Mikrofon verwendet Input 2 des Audiointerface.

* Wir nutzen jetzt Output 1 (linker Kanal) und Input 1 fur das
Loopback, d.h wir verkabeln den linken Ausgang des
Audiointerface mit Input 1 des Audiointerface. Die interne
Latenz des Audiointerface wird unsere Timing-Referenz.

* Weiter, wenn das Loopback-Kabel gesteckt ist.
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Vorbereitung Loopback REW - 1x messen

Make a measurement

Type: SPL Impedance

Name: loopback Add number E
Add date/time [
° Use as entered

Will appear as:
vvill app Prefix with output

loopback Append level
Add to group
Notes:
I7 Keep for next measurement
Start Freq End Freq
Range: 20 = 2050 v Hz
RMS dBu
-
dBV
-15 dBFS
Volts
w
© ders

Warnings: Low levels, High distortion, Low SN ¥

No abort triggers selected v

Ready to measure...

Input:

X

Method: Sweep FSAF

Length Repetitions
Settings: 256k ¥ 1 v 59s i
Timing: . t v

Timing offset: ¥ ms

Playback: From REW From file
Sample rate: 44,1 kHz v
Mode: Single measurement v
Setup: Start delay 15 -
Qutput: 2: Qutput 2 v
Sec. output:
Options: None selected s 2
Ref output: tput -
Ref input: v

) Capture noise floor

| : Input 2 Ly
nput on Focusrite USB ASIO -

Calibration files...

Check levels Start Abbrechen
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Delay an der Messung ablesen

File Tools Preferences Graph Help Donate

[«f:{gﬁ @@

Measure Open Saveall Removeall Info

REW is free software, but if you can afford to please click here to make a donation to help support its continuing development

REW V5.40 Beta 103

e o@m vV 8N

IRwindows SPL meter Generator

» 2 = Show all
25 m-wr a L
R Capture
30: m-wr - ShL
31: m-wr
32: m-wr 90
33: m-wl
34: m-wl o
e (222}

: m-wi 0
36: m-wl

Select all

Clear selections
Toggle selections
Select measurements from file

Clear measurements from file

[1o0pback 23.10.2025 19:25:35

SPL offset (dB): 00 % Add to data

Make this the current selection

Use this as SPL reference

x Remove Lock
/ Colour Invert
E@ EQ Add to group

Delay 238,9052 ms (81,944 m, 268 ft 10 in)
relative to Loopback from 1: Qutput 1to 1: Input 1
with no timing offset

Mic/Meter: ECM-8000-horizontal txt |
Soundcard: focusrite-scarlett-solo-4thgen-44.1.cal

Response copy Mic in box

Magnitude copy Merge cal to IR

Excess phase copy Min phase copy

Trim IR to windows

=

——

il E®@ bl

Overlays  RTA EQ Roomsim Arthmetic

SPL & Phase | AllSPL | Distortion Impulse  Filtered IR GD | RT60 RT60 Decay Clanity Decay @ Waterfall Spectrogram = Captured

‘ IE Ji'n,

mvm Um “ |

Hier Delay ablesen
238,9052 ms

56: loopback
C00C00 0000 0002 32-bit input data Max input 120 dB SPL

":ll“ll'jld I

500 600 700 800 1k

—— 80,8 dB

Right click graph or measurements for actions

MUSIC
WONDER

Preferences
x

+

o O

€

Separate Scrollbars Freq. Axis Limits Controls

Ei'n'u]" Tttt

6k 7k 8k 10k 13k 16k 20kHz
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Timing offset eintragen und

Make a measurement
Type: SPL Impedance

Name: loopback

Will appear as:

loopback

Add to group

Notes:
&) Keep for next measurement
Start Freq End Freq
Range: 20 = 2050 «
RMS
-
-15 dBFS
Warnings: Low levels, High distortion, Low SN ¥
No abort triggers selected v

Ready to measure...

Input:

Add number B

Add date/time E
° Use as entered

Prefix with output

Append level

dBu
dBv
Volts

© ders

MUSIC
WONDER

1xX messen

X

Method: Sweep FSAF

Length Repetitions
Settings: 256k ¥ 1 v 59s i
Timing: Use loopback as timing reference v

Timing offset: 2389052 & | ms
238,9052 ms

Playback: From REW From file
Sample rate: 44,1 kHz v
Mode: Single measurement v
Setup: Start delay 15 -
Qutput: 2: Qutput 2 v
Sec. output:
Options: None selected s 2
Ref output:  1: Output 1 v
Ref input: 1: Input 1 v

) Capture noise floor

e Input 2 5
Py on Focusrite USB ASIO -

Calibration files...

Check levels Start Abbrechen
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Kontrolle, dass der Offset greift

MUSIC
WONDER

File Tools Preferences Graph Help Donate Pro upgrades REW V5.40 Beta 103 = (=] X
= R v | A= d8 sPL A~ ot 42
a0 B H X O wowm VB ik Ee w7 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Anthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development X
» l‘, — Show all + & * C
z . A= L IHE
2% m-wr A Lo SPL & Phase | AllSPL | Distortion Impulse  Filtered IR GD | RT60 RT60 Decay Clanity Decay @ Waterfall Spectrogram = Captured e ¥ ©
30 Capture . Separate Scrollbars Freq. Axis Limits Controls
31: m-wr - S
32: m-wr
33: m-wl 90
34: m-wl ML I
8 WL
35: m-wl = [\\M ! i \H“.l.l.‘ | RPlYE ‘f'_‘ !‘ S — Ty
% = Lo v TN L R
37: m-wl | 1 1l
Select all l l 1 |
Clear selections I
Toggle selections L |
Select measurements from file »
Clear measurements from file >
loopback-offset | 23.10.2025 19:38:43
SPL offset (dB): 00 % Add to data
Make this the current selection
Use this as SPL reference
X Remove Lock .
,/ Colour Invert |
E@ EQ Add to group |
Delay -0,0001 ms (-0,02 mm, -0in)
relative to Loopback from 1: Qutput 1to 1: Input 1 | |
with 238,9052 ms (81,944 m, 268 ft 10 in) timing offset I
. . . I’
Mic/Meter: ECM-8000-horizotl xt Wl r Sin d ”g eel Cht
Soundcard: focusrite-scarlett-solo-4thgen-44.1.cal

Response copy Mic in box 30 0 500 600 700 800 1k 2k 3,01k 4k
Magnitude copy Merge cal to IR

Min phase copy (¥) 57: loopback-offset —_— 81,4dB
Trim IR to windows £3000! 300000000 2000000 0000 0032 32-bit input data  Max input 120 dB SPL Right click graph or measurements for actions

5k

6k 7k 8k 10k 13k 16k 20kHz
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Messungen H, M, B mit Delay = 0

MUSIC
WONDER

File Tools Preferences Graph Help Donate Pro upgrades REW V5.40 Beta 103 = a X
= B H X 0 Wowm V@Y ik Ee w3 7
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development X
» 3z Show all ~ -
o ’*"‘-“"' - Lo SPL & Phase IW Distortion Impulse  Filtered IR GD | RT60 = RT60Decay = Clarity Decay Waterfall Spectrogram = Captured % ‘-:’ g
30 Capture ‘ Separate  Scrollbars Freq. Axis Limits Controls
31: m-wr - e
32: m-wr ®
33 m-wl a0 ©
3 SPL
35: m-wl mﬁj \ _
oG = '”” II T} .|H | n
37: m-wl ‘ o 1
38: b-wr 75 | ‘ ’
39: b-wr
40: b-wr 70
41: b-wr
42: b-wr £
43: b-wl 60
44: b-wi
45: b-wl 55
46: b-wl
47: b-wl 501
48: h-LR24-3000
49: m-LR24-1200-3000 i
50: b-LR24-1200 0
51: m-LR48-1200-LR24-3000
52: b-LR48-1200 35
53: b-LR48-1000
54: m-LR48- 1000-LR24-3000 - 30
55: 1m-X0-att 20 30 40 S0 60 70 80 100 200 300 400 500 600 700 800 1k 2% 4 Sk 6k 7k 8k 10k 13k 16k 20kHz
56: loopback ) »
57: loopback-offset - 58: h-del-0 - 78,6 dB 59: m-del-0 - 77,7d8B 60: b-del-0 — 37,8d8B
739/1004MB 441 kHz Int32L in, Int32L out, 1024 :0CC O 30O0OCI00CK 2000 X000 0000 00:2C  32-bit input data  Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Die Sprungantworten von H, M, B

Overlays

»l: =
27: h-wl

28: m-wr

29: m-wr

30: m-wr

31: m-wr

32: m-wr

33: m-wi

34: m-wl

35 m-wi

36: m-wil

37: m-wi

38: b-wr

39: b-wr

40: b-wr

41: b-wr

42: b-wr

43: b-wl

44: b-wl

45: b-wl

46: b-wl

47: b-wi

48: h-LR24-3000
49: m-LR24-1200-3000
50: b-LR24-1200
51: m-LR48-1200-LR24-3000
52: b-LR48-1200

53: b-LR48-1000

54: m-LR48-1000-LR24-30
55 1m-XO-att

56: loopback

57: loopback-offset
58: h-del-0

59: m-del-0

60: b-del-0

Show all +

= (] X
e SPL  Predicted SPL  Phase Predicted Phase = Level | Lineanty Distortion Impulse ETC | Step | GD RT60 Clanty (\,%T’ GI'D W
@
e
% v
100 7 e —
- = .
8 / \\\\\
N
\“‘\
60 N
e
40 = =
. " . . = 7‘7"‘*77‘7‘7‘
Uns interessiert jeweils
e . . .
= - AL die Mitte des Anstiegs. | -
e A B ist ,spat*, dah TS
Vi Ist ,spat”, daher ——"
-20 — = \ —T \ ‘ .
—— || werden wir Hund M
-40 A s
] passend verzogern.
-60 .\'v. ."‘I‘ ‘
\..‘ ."v
-80 A :
-100|
-120 ©o@®
@ -600u -500u -400u -300u -200u -100u Ou 100u 200u 300u 400u 500u 600u 700u 800u 900u 1,00m 1,10m 1,20m 1,30m 1,40m 1,50ms
4 »
) 58: h-del- == -0,4 % V) 5% m-del-0 S () 60: b-del-0 _
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Einschub: Einfacher mit Impulsspitzen

Overlays

» 12 = Show all *

110 @
100
90

80

SPL  Predicted SPL = Phase Predicted Phase = Level Lineanty Distortion | Impulse | ETC

)

€«>
\
»

Die Impulsspitzen
ubereinander zu
bringen ist auch ein
Ansatz und fuhrt oft zu
identischen Delays.
Aber nicht immer!

58: h-del-0

58: h-de -60
59: m-del-0 -565u
60: b-del-0 5

61: 1m-del-h7-m8-b0

S

450u 500u  550u 600u 650u  700u  750us

>
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H: Mitte des Anstiegs bei 17,5%

Overlays - o X

>

? ¢z = Show all ¥ & SPL  Predicted SPL  Phase Predicted Phase = Level | Lineanty Distortion Impulse ETC | Step | GD RT60 Clanty 2
27: h-wl &

28: m-wr a

29: m-wr 120

SRON)

30: m-wr

s - - Hochster Wert bei 100%

32: m-wr

33: m-wi
34: m-wl &
35 m-wi
36: m-wl 60
37: m-wi
38: b-wr

39: b-wr

40: b-wr

41: b-wr

—— | ﬁ Mitte bei 100 — (100 + 65)/2 = 17,5%

43: b-wl 0

44: b-wl

45: b-wl -20
46: b-wl

47: b-wi

48: h-LR24-3000

49: m-LR24-1200-3000 ) - 0 . 0
R ~ Kleinster Wert bei -65%
51: m-LR48-1200-LR24-3000

2: b-LR48-1200 :

53: b-LR48-1000

54: m-LR48-1000-LR24-30 i

55 1m-XO-att

-40

w
t

56: loopback
57: loopback-offset e e

58: h-del-0 -240,0u| -200u -150u -100u -50u Ou 50u 100u 150u 200u 250u 300u 350u 400u 438us
59: m-del-0 5

60: b-del-0 - V) 58: h-del-

>
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M: Mitte des Anstiegs bei 7,5%

Overlays

»lz = Show all *
27: h-wl —
28: m-wr a
29: m-wr 120

30: m-wr

& 0@

31: m-wr 100
32: m-wr

33: m-wi

34: m-wl =
35 m-wi

36: m-wil 60
37: m-wi

38: b-wr 40
39: b-wr

40: b-wr

41: b-wr

42: b-wr

43: b-wl

44: b-wl

45: b-wl -20
46: b-wl

47: b-wi

48: h-LR24-3000

49: m-LR24-1200-3000
50: b-LR24-1200

51: m-LR48-1200-LR24-3000 753

-60

SPL

Predicted SPL  Phase Predicted Phase = Level

Linearity

/= Mitte bei 100

)
€«>
(§

)

Distortion Impulse  ETC | Step | GD RT60 Clarity

Hochster Wert bei 100%

\
\

— (100 + 85)/2 = 7,5%

w

2: b-LR48-1200 B
53: b-LR48-1000
54: m-LR48-1000-LR24-30

55 1m-XO-att

-100

56: loopback

57: loopback-offset
58: h-del-0

59: m-del-0

60: b-del-0 .

-350u

-300u

Kleinster Wert bei

-85%

-|-2-10 Ouf -200u

-150u -100u

¥ 59: m-del-0

-50u Ou 50u

e

400u 450u 500u 550u 5%us

>

100u 150u 200u 250u 300u 350u
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Overlays
»l: =
27: h-wl

28: m-wr

29: m-wr

30: m-wr

31: m-wr

32: m-wr

33: m-wi

34: m-wl

35 m-wi

36: m-wil

37: m-wi

38: b-wr

39: b-wr

40: b-wr

41: b-wr

42: b-wr

43: b-wl

44: b-wl

45: b-wl

46: b-wl

47: b-wi

48: h-LR24-3000
49: m-LR24-1200-3000
50: b-LR24-1200
51: m-LR48-1200-LR24-3000
2: b-LR48-1200
b-LR48-1000

w

5

t

54: m-LR48-1000-LR24-30

: 1m-XO-att

56: loopback

57: loopback-offset

: h-del-0

59: m-del-0
60: b-del-0

Show all +

a

MUSIC
WONDER

Mitte des Anstiegs bei 35%

= (] X
| SPL  Predicted SPL  Phase Predicted Phase = Level | Lineanty Distortion Impulse ETC | Step | GD RT60 Clanty (\,%T’ GI'D O
@
120
S
:: - am L] 0/
—1 Hochster Wert bei 100%
7= e
/S e
// ‘.\\
80 3 iy
7 \
/
/
. i N
60 / \\‘
/ \
/ ~
/ ~
40 4 —
//
R : : — QR0
. Mitte bei 100 — (100 + 30)/2 = 35%
2 /.
78 7 —
0 /
S ——— /
= /
- p
=20 = L L] L] o
~ U Kleinster Wert bei -30%
B!
-40
-60
-80
-100
-120
e
-1,31m -1,2m -1,0m -800u -600u -400u -200u -49ubu 200u 400u 600u 800u 1,0m 1,2m 1,4m 1,6m 1,8m 2,0m 2,12ms

4

>

V) 60: b-del-0 _— -121%
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Wir messen die Delays in REW

Overlays

»l: =
27: h-wl

28: m-wr

29: m-wr

30: m-wr

31: m-wr

32: m-wr

33: m-wi

34: m-wl

35 m-wi

36: m-wil

37: m-wi

38: b-wr

39: b-wr

40: b-wr

41: b-wr

42: b-wr

43: b-wl

44: b-wl

45: b-wl

46: b-wl

47: b-wi

48: h-LR24-3000
49: m-LR24-1200-3000
50: b-LR24-1200
51: m-LR48-1200-LR24-3000
52: b-LR48-1200

53: b-LR48-1000

54: m-LR48-1000-LR24-3000
55: Im-XO-att

56: loopback

57: loopback-offset
58: h-del-0

59: m-del-0

60: b-del-0

Show all +

MUSIC
WONDER

i

T

. Schritt 1: Maus an Startposition

; f Schritt 2: Strg-Taste gedrickt halten
k Schritt 3: Maus an Zielposition
: Schritt 4: Loslassen

Schritt 5: Wert ablesen

- :: 73,3 us Q252 m, 39m)

= X
A3Im-12m  -l0m  -800u  -600u  -400u  -200u ou 200u 400 600u 800u 1,0m 1.2m T dan \6m 1 8r{1,887m] 20m  212ms

<

>
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Abstand H zu B (17,5% und 35%)

Overlays
»l: = Show all +
27: h-wl —
28: m-wr

29: m-wr

30: m-wr

31: m-wr

32: m-wr

33: m-wl

34: m-wl

35 m-wl

36: m-wl

37: m-wi

38: b-wr

39: b-wr

40: b-wr

41: b-wr

42: b-wr

43: b-wl

44: b-wi

45: b-wl

46: b-wl

47: b-wl

48: h-LR24-3000

49: m-LR24-1200-3000

50: b-LR24-1200

51: m-LR48-1200-LR24-3000
52: b-LR48-1200

53: b-LR48-1000

54: m-LR48-1000-LR24-3000
55: 1m-X0-att

56: loopback

57: loopback-offset

58: h-del-0

59: m-del-0

60: b-del-0

160

140

120

100

80

60

40

© 0O @

SPL Predicted SPL  Phase Predicted Phase = Level | Linearity Distortion Impulse | ETC | Step | GD RT60 = Clarity /\g’“ 1-:-' W

Click in shaded area to zoom
7

/

—_—

 — . —
[157.4 us (0.054m, 2,13in)| [

%

-80

-590u

4

-500u

54 mm

-400u -300u -200u -100u Ou 100u 200u 300u 400u 500u 600u 700u

V) 58 ) 60: b-del-0

h-del-

e

1,60m  1,699m:
»

800u 900u 1,00m 1,106m| 1,20m 1,30m 1,40m 1,50m
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Abstand M zu B (7,5% und 35%)

Overlays = a X
»dz = Show all ¥ - SPL  Predicted SPL  Phase Predicted Phase Level Linearity Distortion Impulse  ETC | Step | GD RT60  Clarity 7:%’; ":" €©e
27: h-wl -
%
28: m-wr a
29 ®
: m-wr 120
e
30: m-wr
5 =
31: m-wr 100
32: m-wr
33: m-wi
34: m-wl 80
35: m-wi
36: m-wl 60
37: m-wi
38: b-wr 40 \\
39: b-wr _Ceea—
7'\w‘
40: b- - _—
wr 20 / ‘\\
41: b-wr —_—
42: b-wr \\ L -
43: bwl g \\ ‘l \ ¥l
-
24: b-wl \ | \-
| \
45: b-wl 20—l _ \ AL
T
46: bl Tl F Chick in shaded are_?_to zoom
\TJ | /' \
47: b-wi 40 \ | / \.
48: h-LR24-3000 \ | / \
49: m-LR24-1200-3000 ‘\ / \
-60 /7 :
50: b-LR24-1200 \ | - ' / \
51: m-LR48-1200-LR24-3000 -3} \ f/ | / \
‘
52: b-LR48-1200 -80 \ </ I / | \
e .| ® ¥ - - \
e (190,7 us (0,065 m, 2,58 in)] \
54: m-LR48-1000-LR24-3000 -100 A W00 M, £,00 \
55: 1m-X0-att | / \
L )
56: loopback 120 .
57: loopback-offset [S)]
58: h-del-0 -590u  -500u  -400u  -300u  -200u  -100u  Ou 100u  200u  300u  400u 65 m m Om 140m  150m  1,60m 1,699m:
59: m-del-0 1 »
60: b-del-0 — ) 59: m-del-0 _ 10,9 % ) 60: b-del-0 R 462 %
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Umrechnung in Samples

* In der FIR-BoxX stellen wir die Delays mit der Anzahl von
Samples ein.

 Wir mussen daher die Abstande in mm umrechnen in
ganzzahlige Samples.

« 1 Sample entspricht einem Abstand von 7,8 mm.

 Wir mussen also den Abstand in mm durch 7,8 teilen und
ggf. runden, um die korrekte Sampleanzahl pro Delay zu
berechnen.

e FUrH: 54 mm /7,8 =6,93 =>7 Samples
« FurM: 65 mm /7,8 = 8,33 => 8 Samples
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Eintragen und Messen
Filter
H CorH.dbl v (:) att 3 del 7
M CorM.dbl v () att 3.9 del 8

B CorB.dbl v () att 4.1 del 0

217



MUSIC
WONDER

Deutlich bessere Sprungantwort (grin)

SPL

Predicted SPL

Phase

Predicted Phase

Level

Lineanty = Distortion

e o

Overlays
»l: = Show all + )
28: m-wr —

%
29: m-wr a
30: m-wr 120
31: m-wr
32: m-wr 100
33: m-wl
34: m-wl 80
35: m-wil
36: m-wi

60
37: m-wi
38: b-wr
3%: b-wr 40
40: b-wr
41: b-wr 20
42: b-wr
43: b-wl 0
44: b-wl B
45: b-wil
46: b-wl i
47: b-wil @
48: h-LR24-3000 -40
49: m-LR24-1200-3000
50: b-LR24-1200 -60
51: m-LR48-1200-LR24-3000
52: b-LR48-1200

-80
53: b-LR48-1000
54: m-LR48-1000-LR24-3000
55: 1m-XO-att =k
56: loopback
57: loopback-offset -120
58: h-del-0 .
59: m-del-0 -1,36m -1,0m
60: b-del-0 X

61: 1m-del-h7-m8-b0

500u

1.,11m| 1,5m

2,0m 2,5m

/) 57: loopback-offset

3,0m

9,0m 95m 10,0ms

»
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Deutlich bessere Summation von Ml und B

File Tools Preferences Graph Help Donate Pro upgrades - o X
= x O I g3 I~ i e o X7 ’
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arnthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
» 12 = Show all ¥ - . .
335 M=W1 A . b M d H k t
— o SPL & Phase | AIISPL | Distortion ' Impulse | Filtered IR | GD | RT60 | RT60Decay | Clarity Decay = Waterfall | Spectrogra el un onnté man
e noch nacharbeiten
36: m-wl
37: m-wl % ©
38: bowr SPL v
39: b-wr 2
40: b-wr @
80
41: b-wr
42: b-wr 75
43: b-wl
44: b-wl 70
45 b-wl
46: b-wl &
47: b-wl 60
48: h-LR24-3000
49: m-LR24-1200-3000 55
50: b-LR24-1200
51: m-LR48-1200-LR24-3000 50
52: b-LR48-1200
53: b-LRA4E-1000 &
54; m-LR48-1000-LR24-3000 @
55: 1m-X0-att
56: loopback 35 10.. 250
57: loopback-offset 20 .. 20k
58: h-del-0 L X © @
39: m-del-0 20 30 40 50 60 70 80 100 200 300 400 500 600 700 800 1k 2k 3,01K 4 Sk 6k 7k 8k 10k 13k 20kHz
60: b-del-0 1 »
61: Tm-del-h7-m8-b0 (¥) 57: loopback-offset (Psy 80,3 dB ) 61: 1m-del-h7-m8-b by |- 80,6 dB

v

201/1390MB

441 kHz Int32L in, Int32L out, 1024

32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Zwischenstand

* Nahfeld- und 1 Meter Messungen sind geschafftt.
« Crossover sind festgelegt.

« Erste Dampfungen sind realisiert.

« Erste Delays sind gesetzt.

« Jetzt stellen wir die Lautsprecher auf und
tunen den Bass und beseitigen Raumprobleme,
optimieren Attenuation und Delays auf die Horposition,
justieren wo sinnvoll,
tunen den Klang nach Geschmack.

« Zur Info: Lautsprecher sinnvoll aufstellen mit Abstanden zu
Wanden, Einwinkeln, An- und Abkopplung etc. werden hier
nicht behandelt.
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Erlauterung zu Attenuation und Delay

* Die Einstellungen auf 1 Meter sind gemacht und sind eine
Basis.

* An der Horposition sind die Verhaltnisse anders und wir
werden noch Anpassungen vornehmen.

« Bei der Dampfung kommt es im Wesentlichen darauf an,
wie viel Energie die Treiber auf Distanz verlieren.

« Bei den Delays gibt es auch Einflusse, z.B.

« die hoheren Entfernungen zum Horplatz,

« die Einwinkelung der Lautsprecher,
« die Raumanpassungen, die das Zeitverhalten beeinflussen konnen,

« Besonderheiten bei Lautsprechern, die nicht spiegelsymmetrisch sind.
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Workflow Teil 3
Der Raum macht die Musik

Basstuning und Raumkorrektur

Nur wenn notig und bitte
ohne Nebenwirkungen
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FIR-BoxX ©  scu-pse-awe

Mikrofon auf Ohrhohe
identische Abstande zur
Bassmitte mit Laser
gemessen
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Erste Messung Horposition L+R

Make a measurement X
Type: SPL Impedance Method: Sweep FSAF
S | mip A namber B Length Repetitions
: 256 v v < |
Add dateltime B Settings: 256k 1 59s
© Use as entered Timing: ‘o't B\d
Will appear as: Prefix with output Set t=0 at IR peak v
mip Append level
Add to group
Notes:
3] Keep for next measurement Playback: From REW Fro .
Start Freq End Freq Sample rate: 44.1 kHz - Belde l \u Sgange aktlv.
Range: 20 = 2050 v Hz
Mode: Single measurement
RMS dBu Setup: Start delay 15
-
dBV
Level: i - e
ks 1 5 d B FS Volts Output: i
w f—
© ders Sec. output: tput v
Options: None selected s 2
Warnings: Low levels, High distortion, Low SN ¥
No abort triggers selected v

Ready to measure...

) Capture noise floor

e Input 2 5
Py on Focusrite USB ASIO -

Calibration files...

Check levels Start Abbrechen
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Der klingt schon sehr fein, aber ...

File

A

Measure

»

58: h-del-0
59: m-del-0
60: b-del-0

Tools

-

Preferences

Open

61: Tm-del-h7-m8-b0

62: mlp

853/1510MB

44.1 kHz

Save all

Graph Help

:\\:x.

Remove all

we

Info

REW is free software, but if you can afford to please click here to make a donation to help support its continuing development

Show all «
-2

Capture
SPL

90

85

Donate

®
<]

SPL

Pro upgrades

SPL & Phase | AllSPL | Distortion

P
\
J U'V-,

IR windows

Impulse

83

SPL meter

FilteredIR GD @ RT60 RT6E0 Decay

REW V5

40 Beta 103

@ 1l

Scope

AV

Generator Levels Overlays RTA

Clarity = Decay

e E@ i

Waterfall

+ = v
X /

Preferences

-

EQ Roomsim Arnthmetic

e . »

N €. O
Spectrogram = Captured ¥ L4 o¥
Limits Controls

Separate Scrollbars Freq. Axis

824
80

v

Int32L in, Int32L out, 1024

\l Ist das eine reine

Bass?

Geht da mehr im

Ausloschung?

H und M verlieren

40 50 60 70 80 100

200

32-bit input data Max input 120 dB SPL

schon einige Energie

V] 62: mip —| Psy -

Psychoacoustic

300 400 500 600 ?OOV 2 & sk 6k 7k sk 10k 1
»

Smoothing:

« 250
20 .. 20k

ee®

20kHz

1 dB

Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Wir simulieren einen EQ in REW

EQ filters - 0 X =
ttended (44,1 kHz) = -
= X & |1 : ‘ 3 ; 6 - 10 1"
mip = =  fer  Generic v
Extended Extended v
PK ¥ | None ¥ None ¥ None ¥ None ¥ None ¥ None ¥ None ¥ None ¥ None | N
Headroom: 38dB 1550Hz - + s A
Biquads: 1 +38dB - + None ¥
2 000 -
Showall || Hideall e €2
Sort Ascending v Auto EQ () Auto EQ ) Auto EQ ) Auto EQ () Auto EQ V) Auto EQ ) Auto EQ (¥) Auto EQ V) Auto EQ V) Auto EQ 2
byFreq ¥ 1l ] »
85 \ N
~ / \ 4’/ House curve: None
)’ =i ; ’ [¥) Use logarithmic interpolation
80 — Add room curve
78,68
75 / ‘ L
_—'/\‘—_
. PP
0 D k t t t Target Level (dB SPL): 800 %
er kKommt jetz
i n re P h ase B p K - Calculate target level from response
Generate measurement from target shape
5 ‘ SOHz = 10... 250
| 155,0 Hz + S~ =
20 .. 20k
3 Match Range: 20 ¢ to 20000 ¥ Hz
+38dB = 4 | ©@® M o[¢
34 40 50 60 70 80 90 100 151,6 200 600 722H;  Individual Max Boost: 0 v dB
4 L Overall Max Boost: 0 ¥ dB
" s | s R - (= j w"u"‘."‘. —_ + — Y
¥ mlp 7415_,_}7 5.9 dB v Ps; V] Target | oy VW 80,0 dB Flatness Target: 34|48
Filters+ Target 83,8 d8 e Allow low shelf to dB
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Neuer EQ in rePhase (Bank 06)

Bl B - rePhase 143 - ful X
File View Help

10 — 180°
® 157 50
g

1350

B 1125
5 _—

4 750
2
45°

2
, 2z
4 28

875

4 .

: Phasedrift! - Lo
ok % Graphical EQ modification

. oo Lotz
“Hi2va, 2 and dB: middle click or ctri+click
3 %ae
= Unschon! S e

-] “Rag
i ‘:"“12::-—... -m Logs780

.10 S - -180°
20Hz 50Hz 100Hz [ 12 200Hz 500Hz TiHz iz

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q impuise Settings Ranges | Measurement |

taps [16384 samples '— = (i
Bank [05 ~| EQtype [constantQ  v|[minimum-phase w| Range [:12dB w|  Tools ¥|  Presets ¥| e |03 _I_l_l_"lﬂ.’

FFT length |65536 ¥ | samples
Frequency !20Hz v| to [2kHz
12 slol == sl E = EE  EE EE = E  EEEE = E S E = E E E s E = == middie nd
FE(IFE(EE EEEEEE  ZEI2EE I F3E |EE | THE|EE EAEIEE | FHE| [ EEIEE centerin, — Ampnudel-de'ta 10d8 =
= e [ EE ZE L EEIEE IEE I CE I EE I EE IEE I EE I EE | EE ] EE] Sl EE g““"“‘”‘“"“‘“‘”‘“: -
y ot ol e el (et e ot o ol et e ol ot ol ol ol e ol el B phase [-130° ] to [180° ~
ﬁ:: SEZE a2 |3 ==2E2E IEE2ElEE [ JmElEE S EEE s E windowing |hann - —l
] 3 ] 3 3 3 2 : 3 ' hide result phase below |-100dB ~
o == % % % optimization [none >| to [-100 ~| @B .
—1- - wrap phase |yes -
== | =12 | =1E =)= =1= == =l= == | =)= = | =)= rate [44100 >] Hz A Y ‘_J
= = = == = = = = = == = = = = = =) = = = = format [64 bits EEE-754 (.dbl) ~|
= ElS S e S = = = = o ol ol o o flename [CorB
a8 [ 24 [[000 [[o00 [000 [[ 000 [[000 [[000 [[ 000 [ 000 || 000 [ 000 [[ 000 [ 000 |[ 000 [[ 000 [[ 0.00 || 0.00 directory [C:\Users\Bidjan TschaitschianiOr
af20 |20 |[20 [[ 20 f[20 [ 20 || 20 [| 20 | 20 || 20 [| 20 || 20 |[ 20 || 20 || 20 | 20 | 20
— generate I
Hz [ 155 [24.803|[230.372 | 825 [[se212|[157.45 |[ 250 |[20e.25 [ezs.se || 1000 [[1567.4 [[2519.8 [ 4000 [[a245.6 [ 10079 |[ 18000 |[253s8
bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass impuise delay: 8192.016 samples, 185.76 ms

max response: -0.15 dB, max impuilse: -30.36 dB
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Phasenverschiebungen

« Dass EQs, die wir nach Messungen am Horplatz
nachtraglich in den Filter Ubernenmen zu
Phasenverschiebungen fuhren, ist normal.

« Bel lIR Filtern muss man damit leben bzw. sehr genau
aufpassen, dass die Phasenverschiebung pro EQ im
Rahmen bleibt (z.B. durch Verwendung kleiner Qs).

« Bei FIR Filtern kann man den Phasedrift mit zwei Allpass-
Filtern eliminieren.

« So holen wir uns das saubere Abstrahlverhalten wieder
Zuruck.
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Vorbereitung der Phasenkorrektur

General | Fitters Linearization | Linear-Phase Fitters

Minimum-Phase Fiters Paragraphic Phase EQ | Para

Minimum-Phase Filters

mode type shape param freq

normal v |high-pass ~| |2nd order All-Pass ¥ 2 Q 155 Hz

compensate | |high-pass v | |2nd order Al-Pass  v| 2 Q 155 Hz
VN

normal L/h/ \J\ - Q 1000 Hz

normal / \ v Q 1000 Hz

Zeile 1: normal - 2nd order All-Pass - Q und Frequenz unseres Filters
Zeile 2: compensate - 2nd order All-Pass - Q und Frequenz unseres Filters
Danach mussen wir in der zweiten Zeile das Q so anpassen, dass der
Phasedrift kompensiert wird.

Inormal jhd Ihrgh-pass hd | LI Q |1000 Hz
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Startpunkt: Die Phase passt nicht

Bl B - rePhase 143 - ful X
File View Help
10 180°
¥ 157.5
2
125
) 1125
5 -
4 675
3
45°
2
1 as
B — T —— e — T 0
! 28
2
45
a
4 475
5 00
24, 125
7
REL
3 -
s 1575
] 2z
-10 -180°
204z 0Hz 100Hz 200Hz 500Hz 2z
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ Impuise Settings Ranges | Measurement |

taps |16384 samples

- = Vnews]|234icocy
FFT length (65536 ~| samples

Tips Frequency !ZOHE v| to [2kHz

Minimum-Phase Filters

mode type shape param freq
‘compensate’ mode is a middie nel
[normal :] i“;ﬁ:s.ss LJ ,2nd order Al-Pass L] [ 2 Q I 155 Hz generalized Linkwitz centering e Ampltude I.wda | to |10dB LI
T i ieiam use closest perfect impuise v |

[compensate »][ [nigh-pass ~] [2ndorder AkPass [ [ 2 Hz

|normai | |nigh-pass ~| =]

with a fiat target. An . lﬁ Phase !-180’ LI to |180° LI
additional fiter is to be prektving b I—
hide result phase below |-100dB ~

optimization [none =] to [-100 >| 4B ? =l

used to define the
[normat :] Ehlgh—Dass Ll L] [ K m Hz wrap phase |yes :l

l

I desired target
[normai <] [nigh-pass =] | =[] I = t [64 oits EE£-754 (.0b) -
[norma\ L] Ehlgh—nﬂss LJ ] L] [_ Dlesen Wert andern = ||CorB _]
l
|

normal v | |high-pass v ] 7000 Az
| i zl =l [_ ! directory |C:\Users\Bidjan Tschattschian\Or

|normai ]| |nigh-pass ~| x| Q | 1000 Hz ]

generate

impulse delay: 8192.016 samples, 185.76 ms
max response: -0.15 dB, max impuise: -30.36 dB
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Bl B - rePhase 143 - ful X
File View Help
10 - 180°
o 157.5°
8 freras, .
“dee. 138
7 _“?%
B 1125
] %0°
4 7.5
’ 45
2
1 25
2 228
4 £
s 45
4 275
] =0
2 'z\‘ 4125
X ] 1Y <
L RELY
3 =5y 13
9 \.““_ : 157 8
-10 -180°
20Hz 50Hz 100Hz 200Hz 500Hz thHz 2z
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q | Impulse Settings Ranges Measurement |
taps |16384 samples
2|a|a|s
Minimum-Phase Filters FFT tongth [65536 _] - Mews IT_I_I_I_Jﬂ.’
n. ~| samples
mode type shape param freq Tips Frequency !20Hz v| to [2kHz
‘compensate’ mode is a middie -
[normai =] [nigh-pass ~] [andorderanpass [ [ 2 a [ 155 hHz Donerlzad LB centering ——— T = Ampltude [-1008 ~| to 1008 =]
Transform mechanism —
[ccmpensate | |nigh-pass ~| [2ndorderAkPass <] [ 246 @ | 155 Hz with a flat target. An ) Phase I.isu' | to J180r =]
additional fiter is to be wAdawviagijhana ]
[normal  ~| |nigh-pass ~| | =l o |10 Hz used to define the b Elleiw Sl hide resut phase below |-100dB ]
desired target s
|normat 3 ]hlgh~pass ;I | ;] [ Q | 1000 Hz wrap phase |yes ,:J
Use ‘compensate’ mode rals 44100 :]' Hz
[“‘“““} Ll Ihlgh—pass L.I I [ [ Q [ 1000 Hz with caution and check =
the final correction gain format |64 bits [EEE-754 (.dbl) L]
[nerma\ L] Ihlgh—nass :J | :] [ Q | 1000 Hz by bypassing any e o
measurement S I =
|normal LI !mgn-pass LI I LI [ Q | 1000 Hz
directory |C:\Users\Bidjan Tschattschian\Or
|nerma& L] Ihlgh-nass ;I I :] [ Q | 1000 Hz

generate I

impulse delay: 8192.016 samples, 185.76 ms
max response: -0.15 dB, max impuise: -30.36 dB
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Fast fertig: Noch unter die Nulllinie!

Bl B - rePhase 143 - ful X
File View Help
0 130°
o 157.5°
g
135
8 112.5
5 30°
4 e7.5
3
45°
2
' 25
0 T — T R ey Ls
4 -“F”'-"""""'“'-'*'-‘---::.-.\.T_._ ST e 228
24 L TN s e AR A
45t
2
4 875
5 50"
2 1125
3 -138*
2
5 -157.5
-3
-10 180°
20Hz 50Hz 100Hz 200Hz 500Hz fiHz 2xHz
General | Fiters Linearization | Linear-Phase Fitters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ Impuise Settings Ranges | Measurement
taps |16384 samples imgort from e I Fopon oo ciphoned
Output Settings Note
FFT length [65536 >| samples bypass siear
&4 _J— middie = gain offset |-76.4 dB
== centering =
== use closest perfect impulse time offset |0 psec
0 —J]— —d
= hide magnitude hide phase
= windowing |hann - o
= inven response nvert polarity

optimization [none =] to [-100 >| 4B

— = rate [44100 v| Hz

format [64 bits EEE-754 (.dbl) |

fiename |CorB

directory |C:\Users\Bld;an Tschaitschian\O1

generate ‘

016 samples, 185.76 ms
B, max impulse: -30.36 dB

impuise delay: 819
max response: -0
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Absenkung um 0.3 dB von -3.6 auf -3.9 dB

Bl B - rePhase 143 - ful X
File View Help
- 180°
¥ 157.5*
g
135
8 112.5
5 30°
4 a7.5
3
45°
2
! 25
o R P v e e [
! Deatpail = i — 228
2 -
45t
2
4 a5
5 50"
N -112.5°
q -138*
2
3 -157.5
e
-10 180°
20Hz Z0Hz 100Hz 200Hz 500Hz fiHz 2xHz
General | Fiters Linearization | Linear-Phase Fitters Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ Impuise Settings Ranges | Measurement
taps [16384 samples import from file I import from clipboard
Output Settings Note
FFT length |65536 >| samples bygass sear
+8 — middie = gain offset |-76.4 dB
= centering =
— use closest perfect impulse v | time offset |0 psec

windowing |hann ﬂ

optimization [none =] to [-100 >| 4B

rate [44100 v| Hz

format [64 bits EEE-754 (.dbi) |

fiename |CorB

directory |C:\Users\Bld;an Tschaitschian\O1

generate I

016 samples, 185.76 ms
5 dB, max impuise: -30.36 dB

impuise delay: 819
max response: -0

hide magnitude hide phase

invernt response nvert polarity
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In der WebApp H und Mum 0.3 dB
absenken oder B um 0.3 dB erhohen

iter Wir erhohen den
Pegel von B, d.h.
H CorH.dbl % alt| 8 oaK_¥ wir reduzieren die
M CorM.dbl v att 3.9 del 8 Dampfung um 0.3
B CorB.dbl v att| 4.1 del 0 dB. Unser
Headroom von 3 dB
pro Filter gilt nach
- wie vor. Ware die
Attenuation bei B
H CorH.dbl v att 3.0 del 7 30 gewesen’ hatten
M CorM.dbl v att 3.9 del wir Hund M
B CorB.dbl v att 3.8 ~ abgesenkt und
deren Attenuation
/\ um 0.3 dB erhoht.

Kann verwirren: Je kleiner der Wert, desto lauter wird es.
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Nachgemessen: Das bringt was!

File Tools Preferences Graph Help Donate Pro upgrades

. = :H l\‘\k @ A .83 II I”\\: 'LI E@ [ :7 o/ g

Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences

REW is free software, but if you can afford to please click here to make a donation to help support its continuing development X
» 12 = Show all ¥ s +
b A= et ©
! - Lo SPL & Phase | AllSPL | Distortion Impulse  Filtered IR GD RT60 RT60Decay | Clarity Decay Waterfall Spectrogram = Captured ¥ ¥ b
Capture Separate  Scrollbars Freq. Axis Limits Controls
SPL
= N @
e >
St v p= /\ A
82,41 Af

80 e
75 /
: Nachster Schritt:
L — acnster scnritt:
E"l L] :’a
/
Wir brauchen Bass
65
60 f
55
58: h-del-0 10.. 250
50
59: m-del-0 20 .. 20k
60: b-del-0 . e ®
61: Tm-del-h7-m8-b0 20 30 40 S0 60 70 80 100 155.6] 200 300 400 500 600 700 800 1k 2k 3k 4k 5k 6k 7k 8 10k 13k 16k 20kHz
62: mip ‘ »
63: mlp-EQ155 . ) 62: mip —{psy - 75,7 dB ) 63: mIp-EQ155 —{ry - 78,9 dB
1098/1545MB 441 kHz Int32L in, Int32L out, 1024 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Mehr Tiefbass: Basisfilter anpassen

Bl B - rePhase 143 - ful X
File View Help
10 180°
3
& e 157.5°
: “\___\_
8 138°
£ -\‘
- \_\ 112.5
4 ~
3 N _—
2 %0
1 \‘ e
-1 45°
2
3 s
4 \*\Mi
e e et 0
2 28
S £
e 45
-1
2 st
13 [ ] [ ] [ ] -~
ab In dem Bereich will ich
-18 - . .. RECS
in Richtung Nulllinie
19
20 -180°
204z 50Hz k 200Hz 500Hz ZHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q Impulse Settings Ranges Measurement |
taps |16384 samples
2|3]4a]s
Bank [06 EQ type |consmnto ;Hmmimum-phase l] Range i: 12dB j Tools v | Presets v| b [T_I_J_J._Jﬂ_l
: FFT length 65536 | samples
Frequency [20iz ] to [z~
12 slol == sl E = EE  EE EE = E  EEEE = E S E = E E E s E = == middie nd
—A=-1=-1-1=-l-=1=-1=-====-b=1=-=1==1=-=|==|=-0=1=0= =0 | =1=| == | =1- centerin — Al mael.zoaa ~| to |10dB ~
= e [ EE ZE L EEIEE IEE I CE I EE I EE IEE I EE I EE | EE ] EE] Sl EE ? [use cosest perfect mpuise ] 5 e
. SIEEZE IEE |EIE EE IEE IEEICEIEEISE S EE EE [ EE EE phase [-180° ] to [180° ~
i:: == == 1Sl ElE G EE ] S EE  EE e | EE =1 EE  SE S windowing |(hann - —I —I
i ' 3 F : ; _ hide result phase below |-100dB ~
o =g % % % optimization [none =] to [-100 >| 4B . =l
= - - - wrap phase |yes v
—I= =1= | =)= =]= == | = =1=| = =1= | == rate [44100 ¥| Hz A Y _l
== o= o= = = == = = = = =[S = == = format [64 bits EEE-754 (.dbi) |
~|2:: == == == =1 == = == === ﬁienamelCorB
a8 |+3.80 || 0.00 || 0.00 [| 0.00 || 0.00 0.00 : 0.00 || 000 || 0.00 || 0.00 || 0.00 || 0.00 directory |C3\User3\3ldwnTscﬂaﬁscmn\ol
a[20 [[20 [[20 [ 20 [[ 20 20 [ 20 f| 20 || 20 [ 20 || 20 [ 20
generate ]
He [ 155 |[24.803|[39.372 [ 2.5 [[se.212[157.49|[ 250 |[35e.5 [[ezs.se || 1000 [1587.4 [[2519.8 |[ 4000 |
bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass impulse delay: 8192.016 samples, 185.76 ms
max response: -0.15 dB, max impuise: -30.15 dB
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Lowshelves mit kleinem Q kombinieren

Bl B - rePhase 143
File View Help

10 - 180°

s

e 157.5°

7

8 138

5

i 125

2 ®

x %0

t a7.5¢

4 pre

2

3 225

4

5 . STTTRLLIRLNR I eI IS T AR ssrr e s s raaat (O

8

7 228

¥ ]

9 45
-10 -
= 075
12 - 50
B Graphical EQ modification
5 i " " -112.5

15 Hz and dB; middle click or cirl+click ‘
-18 Q: mouse - -138*
-17
-18 L1575
-19
20 2 -180°

20Hz 50Hz 100Hz 200Hz 500Hz fhHz 2ZicHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q impuise Settings Ranges | Measurement |

taps |16384 samples
s[5 5| e

FFT length |65536 ¥ | samples
Frequency l20Hz v| to [2kHz
middie nal
— I_ - 1 -
use closest perfect impuise v | Amplhide |-20d5 to |1048 _]

Phase |~1BD' v| to |[180° =
windowing |hann -

optimization [none =] to [100 =] @8 hide result phase below |-100dB ¥

wrap phase |yes 'i
rate |44100 v| Hz B 1

format [64 bits EEE-754 (.dbl) |

Bank [07 ¥ EQtype [shevinglow  v|[minimum-phase v| Range [:120B ¥|  Toos ¥|  Presets |

centering

Ll
(R
(O]
PEETELL
Lreennl
]
Ll
]
]

TELLIT)

(RN NEEN]

LIS LIS L |
FEE R

N BN
FErrree

Ll

i L L
l'III\IH|

I pdg ! 110
]
cpprrnd

"
o

W W
D
L
Lt
O
binninn
O
Liniiini
FLELEinl
Liiiiini
[T ITirl
N
L
T
JIirirrl
biittinl
R
Linninni
I
DL
NN
L

NN

fiename ICan

-12
e “044 || 0.00 [ 0.00 |[ 0.00 || 0.00 [[ 000 || 000 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 || 0.00 drrectory [C:\Users\Bidjan TschatschianOs
| 20 || 20 |20 || 20 |[ 20 || 20 || 20 || 20 || 20 || 20 || 20 || 20 s I
.
w0 [2 | 0 || @ 157.45 || 250 ||296.85 [829.58 || 1000 [|1567.4 [2515.8 || 4000 |[6343.8 || 10075 | 16000 || 25358

byplss‘nypasslnyi.aislaymsslnyp&s bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass impuise delay: 8192.016 samples, 185.76 ms
max response: -0.15 dB, max impuise: -30.15 dB
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Phase nachgebessert und ...

Bl B - rePhase 143 - ful X
File View Help

3
8

bbYbddb bbb iosnwaone o0 wd

Hier fallt noch etwas auf

20Hz 50Hz 100Hz 200Hz 500Hz

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ | impuise Settings Ranges | Measurement |

taps |16384 samples l_ o1 3 75 T
Bank [01 ~ Range [£90° |  Toos v|  Presets v| e |03 J_l_l;l.ﬂ.’
FFT length |65536 ¥ | samples
Frequency [oorz =] ® ez =]
middie nd
= I. - 1 -
use closest perfect impuise v | e ) pil K)100 —]

Phase |~1BD' v| to |[180° =
windowing |hann -

optimization [none =] to [100 =] @8 hide result phase below |-100dB v

wrap phase |yes v
rate [43100 «| 2 o onsse [yes <]

format [64 bits EEE-754 (.dbl) |

+30
centering

.Jl:uul

PEEEEnny
Lreennl
T O
Ll
LEELILT]
LEELILL

TELLIT)

(RN NEEN]

N BN
LIS LIS L |
(AR NN

Lernl
(O]
[FT T E I

[ T R
(]

it

Lol
P
Lt
L
Liniiini
FLELEinl
Liprtrnnnd
Loontonnnel
ORI,
N
L
T
JIirirrl
biittinl
R
Linninni
TR
DL
NN
L

fiename ICan

directory IC:\Users\B-d;an Tschaitschian\O1

* |-31.11 || +3.34 [|+18.89 | +2.22 || 0.00 0.00 (j+21.11 J+25.50 || -8.89 || 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2

Q 1.0 20 1.0 4 1.0 0.7 15 20 80 20 20 20 20 20 0 20 20 generais I
-
Hz | 200 1832 80 289 0 100 3500 || 4000 || 2724 1000 || 1587.4 [|2519.8 || 4000 ||6349.6 || 10079 || 18000 (| 25398
bypass | bypass | bypass | bypass | bypass| bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass impuise delay: 8192.016 samples, 185.76 ms

max response: -0.15 dB, max impuise: -30.15 dB
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Energieanstieg unter 30 Hz

Bl B - rePhase 143

File View Help

Das kann bei der

HECO nur belasten

0
204z

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters

Bank [01 ~

+50

FEFFERE]

[ T R
(]

Lol
PEEEETnnn

Lt
L

A

OB

Lot
FLELEinl

50Hz

i

Loontonnnel
ORI,

Liprtrnnnd

PERE el
RN

100Hz

| Paragraphic Phase EQ | Paragraphic Gain EQ |

LIS LIS L |

N
PErrrne

Range | 90° w

(RN NEEN]

biittinl
R
Linninni
I

Tools ~|

FEELELT
Lreennl
PEETTLng

e

I
b
DL

Presets v|

50
* |-31.11 || +3.34 [|+18.89 | +2.22 || 0.00 0.00 (j+21.11 [}+25.50 || -8.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Q 1.0 20 1.0 4 1.0 0.7 1.5 20 80 20 20 20 20 20 20 20 20
Hz | 200 1832 80 289 0 100 3500 (| 4000 || 2724 1000 || 1587.4 [|2519.8 || 4000 ||6349.6 || 10079 || 18000 (| 25398
bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass

200Hz

Impulse Settings

taps |16384 samples
FFT length |65536 v | samples

middie -

centering

use closest perfect impulse ad

windowing (hann -
] to [-100 ~] a8
rate {44100 v| Hz

format [64 bits EEE-754 (.dbi)

optimization [none

El

fiename ICorB

directory IC-\Users\Bnd;an Tschaitschian\O1

generate |

impuise delay: 8192.015 samples, 185.76 ms
max response: 2.91 dB, max impuise: -29.81 dB

500Hz

Ranges Measurement ‘

Frequency m to m
Ampltude |3008 ~| to [1088 =]
Phase m to ,ﬂ
hide result phase below [-10048 |
wrap phase m
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Highpass fiir sauberen Rolloff

Bl B - rePhase 143 = e X
File View Help
180°
157.5°
135
112.5°
%0
67.5*
45°
s 0
28
-45*
-87.5°
o0
-112.5*
-135*
-157.8*
-180*
20Hz 50Hz 100Hz 200Hz 500Hz ZxHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q | Impuise Settings Ranges | Measurement |

tps [16308  samples
2|3]4]|s
Linear-Phase Filters — . Views |T copy
: n v | samples
= Frequency [0z =] o [z =]

type shape param freq Tips
middie b
I"’w":'“‘s l] ILmkwﬂz-Rﬁey :J I 48  dBloct I 1000 Hz Check for ampltude ripples centering e <] Amplitude |-3°°B v| to [10dB ¥
~— N = down to your noise floor U0 GO0t DOSFRG: WSS 1T
high-pass v | |Linkw > 48 dBloct | 24 Hz using a large range in the o lﬁ Phase |'13°' x| © 150" ~|
graph, and try different e [hann
|“'9n‘|”55 =l | = | dBloct | 1000 Hz windowing (blackman or ) hide result phase below |-100d8 v |
nuttall should give good optimization [none =] to [-100 ] a8
[nigh-pass ] | = dBioct | 1000 Hz resukts) and optimization o m ' wrap phase [yes v
settings.
Ihsgn-pass Ll I :] [ dBloct I 1000 Hz .
When using Brickwall filters, format i64 bis EEE-754 (dbi) L]
|h|gh-nass _'_] I :J [ dBloct I 1000 Hz make sure you use the e ICorB
same taps, centering and
|hlgﬂ-9855 Ll | LI | dB/oct | 1000 Hz windowing settings for both 3 Ic_\ Biken Tachokachinolli
sides of the crossover or ERRCRE) C \isorsBicisn Tachakachisn\Ot
[high-pass | | =l dBioct | 1000 Hz complementarity wil be lost
generate |

impuise delay: 8192.015 samples, 185.76 ms
max response: 2.91 dB, max impulse: -29.81 dB
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Bypass: Wir sind zu laut

Bl B - rePhase 143
File View Help

MUSIC

WONDER

10

@

-180°

50Hz 100Hz

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ

Output Settings

2

5 I —

Note

200Hz

Impulse Settings

taps 16384 samples
FFT length [65536 ~| samples

middie

-
use closest perfect impulse ol

windowing |hann ~|
~| to [-100 ~] @B
rate (44100 L’ Hz

format [64 bits EEE-754 (.dbl) =l

centering

optimization [none

P

Von -3.9 auf — 6.5, d.h.
2.6 dB leiser

filename |Cor8

directory |C-\User5\B|djan Tschaitschian\O1

generate |

Inpulse delay: 8192.015 samples, 185.76 ms

1ax response: 2.5 dB, max impulse: -30.31 dB

500Hz
Ranges ‘ Measurement

import from fie ] import from clipboard

I bypass cear
gain offset |-76.4 dB
time offset |0 usec

hide magnitude hide phase

invert response

invernt polanity

2kHz
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In der WebApp H und M um 2.6 dB
absenken oder B um 2.6 dB erhohen

Filter
H
M

B

Filter
H
M

B

CorH.dbl

CorM.dbl

CorB.dbl

CorH.dbl

CorM.dbl

CorB.dbl

att

att

att

att

att

att

3.0

3.9

3.8

48

2.7

del

del

del

del

del

del

Ein wenig Mathe.
Wir konnen B nur
um 0.8 dB erhohen,
d.h. wir senken die
Attenuation auf 3.0.
Mit den fehlenden
1.8 dB senken wir H
und M ab, d.h. wir
erhohen deren
Attenuation um 1.8.
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Ein paar Anmerkungen zum Bass

« Was ich hier zeige funktioniert ... mit der HECO.

« Das kann auch schief gehen, z.B. kann es scheitern an
Treiber, Gehause, Raum.

« Daher immer kontrollieren mit Messungen und nach Gehor
und weiter tunen, wenn das Ergebnis noch nicht passt.
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Einschub: Filterauflosung

xR Wir erkennen im Bass nach Generierung des Filters leichte
Abweichungen zwischen der roten und blauen Kurve. Die
Auflosung des Filters mit 16k kommt jetzt an seine Grenze.

20Hz 50Hz 100Hz 200Hz S00Hz 1kHz

General | Fiters Linearization | Linear-Phase Fitters | Minimum-Phase Filters | Paragraphic Phase EQ | Paragraphic Gain EQ Impulse Settings Ranges | Measurement

taps |16384 samples e J Soort tro cioboad
Qutput Settings Note
FFT length 65536 > | samples bypass sear
middle L‘ gain offset |-76.4 dB
centering
use closest perfect impulse L‘ time offset |0 usec
hide magnitude hde phase
windowing |hann | -
nvern response nver polanty
optimization [none ~[ to [-100 ~] @B -
=] v

format [64 bits EEE-754 (.dbi) -]

4

Jm!

fiename [Cch

directory \C Wsers\Bidjan Tschaitschian\O1

3| 3

~ m '-\L.
21 = :
8181 1
o I | 1
8
4 111

generate |

|4l

impuise delay: 8192.015 samples, 185.76 ms

se: -0.1 dB, max impulse: -32.91 dB
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Wir erhohen auf 32k Taps

Bl B - rePhase 143 - ful X
File View Help

Mit 32.768 Taps reicht die Filterauflosung

=t (

Z0Hz 100Hz 200Hz 500Hz
General Filters Linearization | Linear-Phase Fiters Minimum-Phase Filters | Paragraphic Phase EQ | Paragraphic Gain EQ Impulse Settings Ranges \ Measurement
taps |32768 samples import from fie ] import from clipboard
Output Settings Note
FFT length [131072 ~| samples | bypass sesr
&4 —J— middle = gain offset |-76.4 dB
== centering =
=] = use closest perfect impulse time offset |0 usec
o —1— e
=| = ,7 hide magnitud hic
| oWl [ :J magnitude e phase
- nven response invert polarity

optimization [none >| to [-100 ~| 4B

== rate |44100 LJ Hz

format [64 bits [EEE-754 (.dbl) ~|
24 filename |Ccr8
a8 directory |C\Users\8vc;an Tschaitschian\O1
o generate |
tme
4.015 samples, 371.52 ms

impulse delay: 1
max response: -0.1 dB, max impuise: -32.91 dB
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Zur Filterauflosung

* In unserem Beispiel hatten auch 16k Taps noch fur ein
hervorragendes Ergebnis ausgereicht.

 Man kann in seinem Projekt die Anzahl der Taps anpassen.

* In Projekten mit wenig Anpassungen, speziell im Bass,
reichen oft auch 8k Taps aus.

« WICHTIG: Alle Filter mussen dieselbe Auflosung haben, d.h.
« auch H und M mussen umgestellt werden auf 32k Taps,

« alle Filter mussen neu generiert werden,
« alle Filter mussen neu hochgeladen werden.

246



MUSIC
WONDER

Ergebnis nach Lowshelves und Highpass

File Tools Preferences

(A —_ :E‘

Measure Open  Saveall

» 12

58: h-del-0

59: m-del-0

60: b-del-0

61: 1m-del-h7-m8-b0
62: mip

63: mip-EQ155

64: mlp-EQ155-L5-HP28

1098/1546MB  44.1 kHz Int32L in, Int32L out, 1024

Remove all Info

Show all ~

a

v

(¥) 63: mip-EQ155 —{psy - 78,3 dB ) 64: mip-EQ155-LS-HP28 Psy 79,5 dB

0 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;

Help Donate Pro upgrades = o X
: A~ = I3
wee A= a3 I~ i e w37 i
IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arnthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
- s 08
— SPL & Phase | AllSPL | Distortion Impulse  Filtered IR GD | RT60 RT60 Decay Clanity Decay @ Waterfall Spectrogram = Captured + —
Capture Separate  Scrollbars Freq. Axis Limits Controls
SPL
0 @
e
85 o T A\
P ~——/ - =
/- \ 7~ “\/ /\ =
80 ’/ A c — /—'_5%'(‘“/’.4/
/
/ / |
ar
/
75 /
70
/
I 4
/
65—
63,48 7
/f
i/
60 7/
/
55
10.. 250
50
20 .. 20k
e e
20 30 40[449/50 60 70 80 100 200 300 400 500 600 700 800 1k 2k 3k 4k 5k 6k 7k 8k 10k 13k 16k 20kHz

247



MUSIC
WONDER

Einschub: Glatter Frequenzgang

File Tools Preferences Graph Help Donate Pro upgrades = [a] X
r | ag-_} ' N~ + - Ay
= g X O I Il &2 iw E@ Wb %7 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development X
12 = Shi g =
» < R ow a3 = \o&/: ":’ Ok
- — SPL & Phase | AllSPL | Distortion Impulse  Filtered IR GD RT60 RT60Decay | Clarity Decay Waterfall Spectrogram = Captured -
Capture Separate  Scrollbars Freq. Axis Limits Controls
SPL
@
e
140 sp -
120 . . -
R
-~
Die gleiche Messung rausgezoomt 2
100
e L e T~ | . i \\\- _/(//" S < — —
80 > et - — ~1 - sy s
s (. | \"‘\
7~
635—
40
58: h-del-0
% 2
59: m-del-0 20 10..250
60: b-del-0 20 .. 20k
61: 1m-del-h7-m8-b0 . © @
62: mip 20 30 40 50 60 70 80 100 1354 200 300 400 500 600 700 800 1k 2k 3k 4k 5k 6k 7k 8k 10k 13k 16k 20kHz
63: mlp-EQ155 2 g
64: mlp-EQ155-L5-HP28 - (¥) 64: mip-EQ155-LS-HP28 —{rw 80,0 dB
925/1548MB 441 kHz Int32L in, Int32L out, 1024 0000 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Einschub: Glatter Frequenzgang

Mit unseren Filtern optimieren wir die Energieabgabe

» jedes einzelnen Treibers und
der Treiber untereinander.

« Beil Anpassungen nach Messungen am Horplatz achten wir
darauf, dass die Energieabgabe nicht verschlechtert wird.

« Ein durchgehend gleichmaldiger Frequenzverlauf bei
Messungen am Horplatz kommt in ,normalen” Wohnraumen
eher nicht vor.

* Korrekturen in diese Richtung konnen unangenehme
Nebenwirkungen haben und den Klang verschlechtern.

* Der Frequenzgang am Horplatz ist nicht das Mal} aller
Dinge.
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Nachschlag: Advanced Finetuning

File Tools Preferences Graph Help Donate Proupgrades REW V5.40 Beta 103 = (u] X

= | X O M= g3 Il 2 i E@ Wk 37 /‘1

0O

Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences

REW is free software, but if you can afford to please click here to make a donation to help support its continuing development X
»

1]

13 Show all ~ at
o-wr - Lo SPL & Phase m Distortion Impulse  Filtered IR GD RT60 RT60Decay | Clarity Decay Waterfall Spectrogram = Captured *3347 ‘-‘I’ b
Capture Separate  Scrollbars Freq. Axis Limits Controls
SPL
o5 @
e

SPL v

85 71N / NN 7N\

Hier sehe ich eine Chance etwas mit |
5 zwei Shelves auszubalancieren

58: h-del-0
59: m-del-0 60/
60: b-del-0

61: Tm-del-h7-m8-b0 10.. 250

62: mip 55 20 .. 20k

63: mlp-EQ155 e e®
64: mip-EQ135-15-HP28 20 30 40 50 [593] 70 80 100 200 300 400 500 600 700 800 1k 2k 3k 4 Sk 6k 7k 8k 10k 13k 16k 20kHz
65: EQ mlp-EQ155-L5-HP28 1
66: mlp-EQ155-LS-HP28-tun

1383/1598MB  44.1 kHz Int32L in, Int32L out, 1024

() 64: mip-EQ155-LS-HP28 —{psy - 82,1dB

v

32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Simulation im REW EQ (Ergebnis in gelb)

EQ for measurement 64 mlp-EQ155-LS-HP28 = o X

Y EQ Filters

&t level from response

H X a 1 p 6 [ 10 1

251

S — jurement from target shape
mip-EQ155-15-HP28
Extended K
LsQ v HSQ None ¥ None ¥ None ¥ None ¥ None ¥ None * N
- . 20 % to 20000 ¥ Hz
Headroom: 1,2dB 1280Hz = + 258 Hz =
Biquads: 2 06d8 = + -0,6 dB Boost: ¥ dB
jost: s dB
400 = 4,00
Show all Hide all E s dB
shelf to dB
Sort Ascending v ) Auto EQ ] Auto EQ ) Auto EQ ) Auto EQ ) Auto EQ ) Auto EQ WL shelf to dB
by Freq ~ L1 S » low filters below 200 Hz
T
90 1 N‘ 1 L4
Pan Match response to target
85 ,‘/ / LN f."\‘.
! ~ / / ' y, Manual optimisation controls
82,70 v, y b ¥ = 7 e Optimise gains
/ \ / \
w. 1/ e, Optimise gains and Qs
80 /« = S Y \ Optimise gains, Qs and frequencies
75 > /f' T ;(: = AN Save filter coefficients to file
70 i = =
Insgesamt etwas leiser aber in i —
= “( . .
dem Bereich etwas ausgeglichener
/ 2
60 / v v
B / LS O HS Q metres ¥
20 30 40 50 60 70 BO 100 d2175] 300 400 so0 600 BOD 1k 2% 3K & 5l 0m | v
P -
‘ 1280Hz = <+ 258Hz = % 40m &
(¥) mip-EQ155-LS-HP28 sy }- dB v Psy V) Target 240m %
Iters+ Ta dB nC ne
X -06dB = <+ -06dB = + )
‘a2’ o'
‘{ U.V — + -1 \ IU - +
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Beide Shelves in rePhase (linear-phase)

Bl B - rePhase 143 - ful X
File View Help

20Hz 50Hz 100Hz 200Hz 500Hz

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q impuise Settings Ranges | Measurement |
taps |32768 samples i |—'— = [ 78 T
ews copy
Bank |03 « EQ type |shelving low v | |linear-phase S Range |+ 12dB * Tools + Presets v J_l_l_l_.l
I =i = ! 5 =l =zl FFT length [131072 ~| samples

Frequency [20Hz v | to |[2kHz "i

middie bud
centerin — Ampltude FBDGB ~| to |10dB 'I
9 use closest perfect impulse = e

wndowng[h Phase !-180' | to [180° L!
G |n°ne Ll - |-1oo;| = hide result phase below |-100d8 v |

wrap phase |yes vi
rate [44100 L[ Hz BE 4

]
Ll
N
PEETELL
Lreennl
]
Ll
]
]

TELLIT)

(RN NEEN]

N BN
RN
Ferrren)
TETEEn|
VENREEE]
FEE R

i L L
cpprrnd

[T
TELELLLT|

NN

= == = =1= =1= == (EEIEEIEEEEEE format [64 bes EE2754 (db) v
o= —| == —I- —I- —l=|=l=|=l=| == | == | —1- fiename [Cors
a8 [0e0 [0.00 [[000 [000 [[ 000 [[000 [ 000 [[ 000 [ 0.00 || 000 [ 000 [ 000 [ 000 |[ 000 [[ 000 [[ 0.00 || 0.00 directory |C:Wsers\Bidjan Tschatschian\1
af[40 [[20 [[20 [20 [[20 [[zo ([ 20 [ 20 [[ 20 |[ 20 [[ 20 || 20 || z0 [ z0 || zo0 || z0 [ z0 o |
.
Hz [128 |[z4803 3937z || 625 |[se.212 |[157.45 || 250 ||3s6.25 [eze.58 || 1000 [1567.4 [2515.8 || 4000 [|6343.8 |[ 10079 |[ 18000 [[253%8

bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass impulse delay: 16384.015 samples, 371.52 ms
max response: -0.1 dB, max impuise: -32.91 dB
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Details

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ |

Bank [08 v] EQtype |shelving high v ||inear-phase  v|  Range |:12d3 v| Tools v|  Presets v|

*'2i:::::::::t:ﬁ:::ﬁ:::j:ﬁ:::j:::j:::H
D E|lFE|lF === m—— |__ e (2 e e ————

Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q |

Lt
.
|

"J;l
Ll

Bank |09 VI EQ type Ishelvmg low LI Ilmear-phase ;l Range I: 12dB "’l Tools ﬂ Presets

KN

+12

LD
PEELEL
LT
IR
N
Pl
PEELEn|
N
N
PEETEL|
N
N
FEELELD|
Prrnrntl
N

HEEE
-1
L
L
400
L
400
L
400
L
401
gt
Tk
401
e
gt
p it
L

N
AN
PELELLT|
Pl
N
L]
SR
N
SN
N
L L]
rprnnnl
LT L
LTl
O R
el
sl
AN

080 [| 0.00 f| 0.00
20
“ 24.803 [|39.372

T o
o
~N
(=]

i

lrrnnnd
DL
| TERCECETE
DD
R T
L
lvrnnnn
[P
T TR
I
b
R
lrrnnnnd
O
RN
R
lrrnrnnd
NN
L
lrrnnnd
R
i
L
frrrnnnd
DL
Prrrnnnd
R
lrrnnnd
DD
frrnnnd
L
frrnnnnd
D

ll)
~
©
8

0.00 || 0.00 || 0.00 || 0.00
2.0 2.0 2.0 20 2.0
128 ||24.803 [|39.372 || 62.5 [|99.212 || 157.49

0.00
20 20
1587.4 || 25158

0.00
20
10079

o
8

n|e
°o|8
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°|8
o
°o| 8
8
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wlol|l8
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F o
4
o

{1
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8
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g|s
]

]
]
]
]
]
]
]
]
]
]
]
]
]
]
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Bypass: Wir konnen um 0.6 dB hoch

MUSIC
WONDER

Bl B - rePhase 143 - ful X
File View Help
= 180°
. 157.5°
8
135
4
2 1125
9 %0°
-2 a7.5°
4
45
¥ ]
3 s
10 descesenenns e e e e b o e o et St e e e e o e o B e e e et i 0
12 e .
B | | et U st st o Gl | R P s
450
-18
P g7 ¢
20 500
K- -112.58°
24
REL
28
28 575
0 -180°
20Hz 50Hz 100Hz 200Hz 500Hz ZHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain EQ Impulse Settings Ranges | Measurement
taps |32768 samples imgort from e I Fopon oo ciphoned
Output Settings Note
FFT length 131072 >| samples bypass siear
8 middie = gain offset |-76.4 dB
centering e
use closest perfect impulse time offset |0 psec
- =
hide magnitude hide phase
windowing |hann - o
inven response nvernt polarity
optimization [none =] to [-100 >| 4B
rate |44100 v| Hz
format [64 bits EEE-754 (.dbl) |
24 =] fiename |CorB

directory |C:\Users\Bidjan Tschattschian\Or

generate ]

impulse delay: 16384.015 samples, 371.52 ms

max response: -0.76 dB, max impulse: -33 42 dB
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Einschub: Arbeiten mit Profilen

« Wir haben einen sehr guten Stand
erreicht.

» Die neuen Anderungen sollen den letzten
Stand nicht uberschreiben.

* |In der Musicwonder WebApp kopieren wir
das aktuelle Profil und geben dem neuen
Profil einen anderen Namen (,tuned®).

* |Im neuen Profil ,tuned® machen wir nun
das Tuning. So konnen wir spater beide
Varianten anhoren und vergleichen.

MUSIC
WONDER

Speaker
Speaker  HECO PSM 1000 DI* v

Profile Default v
<4 new Profile

Tuning

# rename Profile

Voicing B copy Profile
delete Profile

Default
H (SpeakO| tuned

Partitions

Speaker

Speaker  HECO PSM 1000 DI* v

Profile (tuned v]

Tuning none v
Voicing none v

Partitions 16 v
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Statt B lauter, werden H/M 0.6 dB leiser

Filter

CorH.dbl

CorM.dbl

CorB.dbl

CorH.dbl

CorM.dbl

CorB.dbl

att

att

att

att

att

att

48

5.7

h

Wir wollen die Dampfung von
B nicht von 3 auf 2.4 stellen,
da wir eine Dampfung von
mindestens 3 pro Treiber
haben wollen

Alternativ erhohen wir die
Dampfung der anderen
Treiber

ael 0
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Ergebnis in blau ist ,smoother*

MUSIC
WONDER

File Tools Preferences Graph Help Donate Pro upgrades = o X
r i V= ;| N~ + - Ay
e H %X O I~ g3 . Il 2 e E®@ Wi X7 s
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arnthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development X
» 12 = Show all ¥ ] s
} L 2 — €. ¥
X - SPL & Phase | AllSPL | Distortion Impulse  Filtered IR GD RT60 RT60Decay | Clarity Decay Waterfall Spectrogram = Captured -
Capture Separate  Scrollbars Freq. Axis Limits Controls
SPL
95 @
e
SPL -
90
85 =1
4 NV
80 A%
75
70 i
als nachstes machen wir ein Profil
5% RdelD 64,49 t h P I b . H d M
e mit mehr Pegel bei H un
59: m-del-0 )/
60: b-del-0 60 /
61: 1m-del-h7-m8-b0
62: mip 10..250
63: mlp-EQ155 55 20 .. 20k
64: mip-EQ155-L5-HP28 s e e
65: EQ mlp-EQ155-L5-HP28 20 30 40 S0 60 70 80 100 143,9 200 300 400 500 600 700 80O 1k 2%k 3k 4 Sk 6k 7k 8 10k 13h 20kHz
66: mip-EQ155-LS-HP28-tun 3 *
67: mlp-EQ155-L5-HP28-tuned - (¥) 64: mlp-EQ155-L5-HP28 —{psy - 78,3 dB ) 67: mip-EQ155-LS-HP28-tunec —{ Py }— 79,0 dB

1198/1602MB  44.1 kHz Int32L in, Int32L out, 1024 Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;

32-bit input data Max input 120 dB SPL
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Ein weiteres Profil: ,tuned“ kopieren und

stuned-lin“ anlegen

Speaker
Speaker
Profile
Tuning
Voicing
Partitions

H (SpeakO

HECO PSM 1000 DI* v

tuned v

<= new Profile

#" rename Profile
delete Profile

Default

tuned

Auf musicwonder-3004.local wird Folgendes angezeigt:

Enter new profile name:

[tunedulin

)

“ Abbrechen

Speaker

Speaker  HECO PSM 1000 DI* v
Profile (tuned-lin v)
Tuning none v
Voicing none v
Partitions 16 v
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Wir machen H und M etwas lauter

Filter

H
M

B

Filter

CorH.dbl

CorM.dbl

CorB.dbl

CorH.dbl

CorM.dbl

CorB.dbl

att

att

att

att

att

att

54

6.3

w

del

del

del

del

del

del

MUSIC
WONDER
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E

Measure

»

&
65
66:
67:

68:
9: mip-EQ155

@

MUSIC
WONDER

Besser ... aber die Hochtonenergie

ile  Tools

= W

Open

Preferences Graph

oo

Save all

Show all ~

a

: h-del-0

: m-del-0

: b-del-0

: 1m-del-h7-m8-b0
mip

70: mlp-EQ155-L5-HP28

7

~
N

=~
w

7

Y

T
T

o

77: mip-tuned-lin-48-3000-hs

78:

7

80

8

oo
o

94

&

w

e

: EQ mlp-EQ155-L5-HP28

: mip-EQ155-L5-HP28-tuned
: mip-tuned-lin

: mip-tuned-lin-48
mip-tuned-lin-48-3500

: mip-tuned-lin-48-4000

mip-tuned-lin-48-3000-hs
: mip-tuned-lin-48-3000-hs
mip-tuned-lin-48-3000-hs
: mip-tuned-lin-48-3000-hs
: mip-tuned-lin
mip-tuned-lin

/1419MB

v

Help Donate

Remove all

441 kHz Int32L in, Int32L out, 1024

Pro upgrades

N~
N~

+ - 5
x 7/

we

Info

Levels

lla

RTA

E@ il

EQ

S

IRwindows SPL meter Generator Room sim Arnthmetic Preferences

Scope

Overlays

REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x

A= el O

Scrollbars Freq. Axis Limits Controls

Lo SPL & Phase | AllSPL | Distortion Impulse  Filtered IR GD | RT60 RT60 Decay Clanity Decay @ Waterfall Spectrogram = Captured

Capture
SPL

Separate

95
90

85 =

@ ; TN \ /’ > ._:,_.': ",“: VAN — _.f > e ,

80 \ :n\ 1

70 ‘ AR

65

i | ab 6 kHz verliert der Hochtoner
. viel Energie zum Horplatz

20 30 40 50 60 70 80 100 200 300 400 500 600 700 80O 1k 2k 3k 4k 5k 6k 7k 8k 10k 13k 20kHz

®

72: mip-EQ155-LS-HP28-tunec — Psy |— 821dB {\ 83: mlp-tuned-lin 84 4 dB

o }-

Right click graph or measurements for actions

32-bit input data Max input 120 dB SPL
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Was ist passiert?

 Der ,alte” Hochtoner der Heco verliert auf Distanz viel
Energie.

* Wie haben dieses Verhalten bei der Linearisierung nicht
berucksichtigt.

* Das muss nicht schlimm sein und kann sehr schon klingen
... eine eher englische Abstimmung.

* Wir wollen eine solche Absenkung — wenn uberhaupt - am
Ende beim Horen individuell nach Geschmack vornehmen.

« Daher schauen wir uns nochmal die Programmierung des
Hochtoners in rePhase an.
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Unser Filt

MUSIC
WONDER

er in rot, ohne Filter in blau

EH - rePhase 1.4.3 - o X
Wir haben den Hochtoner
runter gezogen.

General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q

Impulse Settings

taps |32768 samples

Ranges | Measurement |

Bank [01 ~

EQ type [constant Q

Ll
RN
AN
]
Pl
TR

Ll

(]
Lirnnl
]
BT MR |
(RO

™
T

jrerreninl

proerernk

AT
Lot
FLELEbn
Lol igiete
(L

| [minimum-phase =

Libnnel
D]

Liiiiini
JTirinl

Frequency [2iz | to 20z ¥
Ampltude ]m to m
Phase m to m
hide result phase below [-100d8 ¥ ]
wrap phase m

Range ]: 1248 ;]

Tools v|

Presets v|

FFT length (131072 ~| samples

middie
use closest perfect impuise

windowing |hann b
~] to [-100 ~] @8
rate (44100 v| Hz

format [64 bits EEE-754 (.dbi)

centering

-
-

(USSR |

R
LEnndl

FEELELT
Lreennl
PEETTLng
LEELILT]

Ll

Jrerrerntl
RN

optimization |none

T

|

N
JLrErers
T
Pl
b
DL

fiename ICorﬂ

directory |C Wsers\Bidjan Tschaitschian\O1

d8 | -0.30 || +0.89 || 0.30 || 0.74 || +2.52 (| +0.30 (| 0.74 | +0.20 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Q| 80 6.0 1.0 40 4.0 80 ] 8.0 40 20 20 20 20 20 20 20 20
generate
Hz | 2775 | 3438 || 3500 || 4141 || 5278 || 7755 || 9101 [| 10791 || 14824 || 1000 [{1587.4 [|2519.8 || 4000 |{@349.6 || 10079 || 16000 || 25398
bypass | bypass| bypass | bypass | bypass| bypass bypass | bypass byvasstbyvass bypass | bypass | bypass | bypass | bypass impulse delay: 16384.08 samples, 371.521 ms

max response: -0.16 dB, max impulse: -6.6 dB
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Riucknahme der Einstellungen > 6 kHz

E H - rePhase 1.4.3

File

View Help

10

]
8

@

o

- N W s

Phase nachkorrigiert

G

T ——

[P

PO S

4 &

-]

-]

-10

2kHz

General \ Fitters Linearization | Linear-Phase Filters

Bank [02 v|

FEEr R

N 00 6
EEREEER

FEEErenT|

2

SkHz

Phase Filters | Paragraphic Phase EQ | Paragraphic Gain EQ

EQ type |shelving high

(Ll
TILLIT|
(AN
TTELIT
TIITiiT|

=

RV
faNiiabalial

|
TR
e

[
RN

Lt

| |minimum-phase v|  Range [+ 1208 |

Tools v|

Presets v |

Ll
T
IR
EEEEN
RN
(N
Lrrnnel
Tt
(RO
(RN
Ll
5 T LA
1 G R
N
(R T
(A
A
Terernn)
el
TLIIn

T
.
o
o8
.
.
il
s

—1:

L1
Jrreni
lyrrnnnd
|\I\I\=\
loprnnnl
R
[N
P
RO
R
Lo
e
Lol
TR,
Lot
T
lvrennd
e

Impulse Settings

taps |32768 samples
FFT length 131072 | samples
middie ~|

use closest perfect impulse LI
windowing [h

=] 10 [-100 ~] @B
rate [44100 ~| Hz

format [64 bits EEE-754 (.dbi)

centering

optimization [none

El

fiename |Cort]

0.59 1.78 0.00 0.0 0.

a[20 [[10 |[20 |20 |[ 2
5778 || 10000 ||39.372 || 2.5 (S
:,:sss‘ bypass | bynasse

nsbesondere die Highshelves
rausnehmen (bypass)

n Tschaitschian\Ot

|

amples, 371.52 ms

\ax impulse: -4.56 dB

10kHz

Ranges | Measurement

import from file import from clipboard
bypass clear
gain offset |-77.5 dB
tmeoffset [0 psec
hide magnitude hide phase
mvert response invert polarity

name

data
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Nachgemessen: Jetzt mehr Pegel bei H

File Tools Preferences Graph Help Donate Proupgrades REW V5.40 Beta 103 = o X
: ‘ A =) : N~ + - %
= X O @ Il A~ i E®@ W 37 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arnthmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
» 12 = Show all ¥ +
: Le = (-+<) 08
b - SPL & Phase | AllSPL | Distortion Impulse  Filtered IR GD | RT60 RT60 Decay Clanity Decay @ Waterfall Spectrogram = Captured —
Capture Separate  Scrollbars Freq. Axis Limits Controls
SPL
o5 @
y e
SPL v
90
¥
85 ‘ B i
7t -
64: h-del-0 8341 7 7 = \F | Vo 7
— / / \ =1 / P S
65: m-del-0 ~ L -5 / h” \ /TN P N N
80 JE | N\ y N\ / Nt A N e N N
66: b-del-0 / . N = =
§7: Im-del-h7-m8-b0 /
/ . — —
68: mip 75 / A - \|
69: mlp-EQ155 / [ \
70: mip-EQ155-L5-HP28
71: EQ mlp-EQ155-L5-HP28 70 \
72: mip-EQ155-LS-HP28-tuned /,"
73: mlip-tuned-lin /
- 65 {
74: mlp-tuned-lin-48 /
75: mip-tuned-lin-48-3500
/
76: mip-tuned-lin-48-4000 60 ‘,-"
77: mip-tuned-lin-48-3000-hs /
78: mip-tuned-lin-48-3000-hs T 10..250
79: mip-tuned-lin-48-3000-hs 55 20... 20k
80: mlp-tuned-lin-48-3000-hs . © @
81: mlp-tuned-lin-48-3000-hs 20 30 40 50 60 70 80 100 200 300 400 500 600 700 800 1k 2k 3k 4 Sk 6k 7k 8k 10k 13k 16k 20kHz

82: mip-tuned-lin
2] tune Psy

83: mlp-tuned-lin () 83: mip-tuned-lin —psy

v

936/1354MB 441 kHz Int32L in, Int32L out, 1024

32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Zwischenstand

« Schwache bei 155 Hz ausgeglichen, ohne das
Abstrahlverhalten zu verschlechtern (2nd order Allpass).

» Mehr Bass und keinen Arger unter 30 Hz (Lowshelves und
Higpass).

« Auflosung der Filter von 16k auf 32k erhoht.

* Finetuning mit Shelves zwischen 100 und 300 Hz und
neues Profil ,tuned”.

« Hund M im Pegel angepasst, Filter H korrigiert und neues
Profil ,tuned-lin® angelegt.

« Es folgen jetzt noch
Perfect Timing am Horplatz
Klangliches Finetuning nach Geschmack (ohne Filterprogrammierung)

265



MUSIC
WONDER

Workflow Teil 4
Perfect Timing

Delays auf die Horposition
optimieren
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Wirklich nochmal Delays ...?

« Unbedingt - ein Riesenvorteil von DSP.
 Es gab viele Anderungen (Horposition, Filter B und H).
 UND: Die HECO Vintage Speaker sind asymmetrisch.
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Achtung: Asymmetrie

« Das war fruher haufig so. Bei der HECO PSM 1000 ist links
der Mitteltoner naher am Ohr als rechts und der Hochtoner
weiter weg vom Ohr als rechts.

« Perfect Timing auf der einen Seite ist nicht optimal auf der
anderen Seite.

« Das kann sogar leichte Varianzen bei den Lautstarken zur
Folge haben.
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Die Sprungantworten von L und R

Overlays

» l: = Show all ¥
64: h-del-0

65: m-del-0

66: b-del-0

67: 1m-del-h7-m8-b0

68:

mlp

69: mlp-EQ155
70: mlp-EQ155-LS-HP28

=

~
o (|4

=~
o

80: mlp-tuned-

71: EQ mlp-EQ155-LS-HP28
2: mlp-EQ155-LS-HP28-tuned

mip-tuned-lin
mip-tuned-lin-48
mip-tuned-lin-48-3500
-lin-48-4000
lin-48-3000-hs
lin-48-3000-hs
lin-48-3000-hs
lin-48-3000-hs
lin-48-3000-hs

mip-tuned
mlp-tuned-
mlip-tuned-

mip-tuned-

: mip-tuned-

: mip-tuned-li

n

: mip-tuned-|

lin-H

n
mlp-tuned-
: Step L
: Step R

100

80

60

SPL

Predicted SPL

Phase

Predicted Phase Level Linearity Distortion Impulse

Das geht besser

ETC | Step | GD

. - +
RT60  Clarity NF € 0¥

50,6

40

-40

-60

-80

=100

-120

-1,72m

-1,0m -500u Ou

4

Bmubu

1,0m

1,5m 2,0m 25m 3,0m

3,5m

4.0m 45m 5,0m

436 % \j B6: Step R

IS

95m 9,88ms
»

5,5m 6,0m 6,5m 7.0m 7.5m 8,0m 85m 90m
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Erlauterung der Vorgehensweise

* Wir erstellen separate Filter fur H und M je Seite.

B ist zentriert und hat zum Mikrofon denselben Abstand zu
beiden Seiten. Ein Filter reicht aus.

* Wir bestimmen die Delays mit Loopback-Messungen fur
jede Seite getrennt.

* Wir vergleichen die Pegel der Treiber am Horplatz und
passen bei Bedarf an.

« Wir prufen die Spungantworten von L, R und L+R.
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Getrennte Filter fur L/R konfigurieren
Speaker
Speaker  HECO PSM 1000 DI’ v
Profile tuned-lin v
Tuning none v
Voicing  none v Im Bereich
” Speaker setzen
Partitions 16 v ﬂp/
H (SpeakOn High 2) @ L/R
M (SpeakOn High 1) @ L/R
G (SpeakOn Low 2) L/R
B (SpeakOn Low 1) - @ O LR

271



Wir brauchen die Filter HR und MR

Filter

HL CorH.dbl
HR

ML CorM.dbl
MR

B CorB.dbl

att

att

att

att

att

MUSIC

del

del

del

del

del

WONDER
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Erlauterung zu getrennten Filtern L/R

 Man kann pro Seite komplett separate Filter entwickeln.
Dazu wirde man separate Arbeitsdateien in rePhase erstellen.

« Wir bevorzugen in der Regel identische Filter fur L und R.

* Delays und Attenuation konnen wir separat in der
Musicwonder WebApp einstellen.

« Wir generieren daher die neuen Filter CorHr.dbl und
CorMr.dbl aus den bestehenden rePhase Dateien fur H und
M.
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Filename anpassen und generieren

Bl H - rePhase 143
File View Help

10 180°
- 157.5°
g
128°
: 112.5°
5 %0
4 675
3
45
S S SISt =
, ____’____,_.---—""'" SN s
0 o
R 228
2
45
3
4 275
5 =0
] -112.58°
J
RELS
3
2 EEES
-3
-10 -180°
2Hz SkHz 10kHz 20kHz
General | Fiters Linearization | Linear-Phase Fiters | Minimum-Phase Fiters | Paragraphic Phase EQ | Paragraphic Gain £Q Impulse Settings Ranges | Measurement
taps |32768 samples = I
port from file import from clipboard
Bank |02 « EQ type |shelving high v | |minimum-phase v Range |+ 12dB * Tools + Presets v
I =l = | 5 = = FFT length [131072 ~| samples | bypass siesr
2 —1—|—1—|—=1—|—1—- —l= —l—1—=1—=|—=1—]—01—|=1—|—=1—| —=1—|—1—|—1— middie = gain offset |-77.5 dB
= = | [= == e = = =l = == 1 EE1EEIEEIE EIEEE [ EE EIE LS centerin C= 5
=== == | =l -I- e EEEEE R EERERE RS EE 9 use closest perfect impulse ~ | time offset |0 usec
=E|(=El=EEE = = = == ElEEEEE s e E e E windowing |hann '[

optimization [none | to [-100 | g8

rate |44100 L[ Hz

i
TE
it

= = = [E= = format [64 bits EEE-754 (.dbl) ~]
-12 e — =l =i = filename ;:'—1
a8 [0%s |[-1.78 [[000 |[0.00 [[ 000 [[ 0.00 [ 000 [ 000 [ 000 |[0.00 [[0.00 [ 0.00 |[ 000 || 000 [ 0.00 [[ 0.00 [ 0.00 directory [CUsers\Bidjan Tschattschian\O1
Q| 20 10 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
= B N XN N K : o generte | | fiename |CorH{
Hz | 5778 || 10000 ||39.372 || 62.5 ||99.212 ||157.49 || 250 ||396.85 ||629.90 || 1000 || 1587.4 ||2519.8 || 4000 ||6349.6 || 10079 || 18000 || 25398
bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass | bypass impuise delay: 16384.036 samples, 371.52 ms

max response: -0.13 dB, max impulse: -4 56 dB
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Fur Mr analog

HECO-PSM-1000-Workshop X =

&« > 4}
@ Neu ~ 3{,
) Start
P Katalog

> @ Bidjan - Personl
v @b Bidjan - Bidjan 1
o Anlagen
o Apps
o Aufnahmen
> @ Backup-Data4.
@ Besprechunger
> Bilder

> @l Desktop

> &4 Dokumente

o Evernote-Test-
o Foto-Uploads

15 Elemente

MUSIC
WONDER

= (m] X

N -

1 Element ausgewahit (32,2 KB)

Al AR AR A A

C & OneDrive > FIR-Dateien > HECO-PSM-1000-Workshop HECO-PSM-1000-Workshop: Q
18] @D = W N Sortieren v = Anzeigen ~ aee () Details
(J Name Anderungsd\a/tum Typ GroBe
:;? CorMr.dbl 25.10.2025 17:54 DBL-Datei 256 KB
@ | CorHr.dbl 25.10.2025 17:52 DBL-Datei 256 KB
E H.rephase 25.10.2025 17:18 REPHASE-Datei 33 KB
M.rephase 25.10.2025 17:18 REPHASE-Datei 33 KB
[:] CorM.dbl 25.10.2025 17:18 DBL-Datei 256 KB
a CorH.dbl 25.10.2025 17:17 DBL-Datei 256 KB
| @8 rephase 25.10.2025 16:05 REPHASE-Datei 33KB
a CorB.dbl 24.10.2025 22:18 DBL-Datei 256 KB
! rew - Kopie.mdat 23.10.2025 21:21 REW Measurement 73.730 KB
rew.mdat 23.10.2025 21:21 REW Measurement 73.730 KB
a test.dbl 23.10.2025 15:51 DBL-Datei 86 KB
test.rephase 23.10.2025 15:35 REPHASE-Datei 33KB
& b-refixt 22.10.2025 21:02 Textdokument 27KB
& m-refixt 22.10.2025 14:35 Textdokument 28 KB

ﬁﬁﬁﬁﬁ
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Beide Filter hochladen

Filter
HL
HR
ML

MR

CorH.dbl

CorHr.dbl

CorM.dbl

CorMr.dbl

CorB.dbl

att

att

att

att

att

MUSIC

del

del

del

del

del

WONDER
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Zu den Messungen

« Wir konnten jetzt alle Delays auf 0 setzen und nach den
Messungen der einzelnen Treiber die Abstande neu
bestimmen.

« Hier im Beispiel lasse ich die auf 1 Meter gemessenen
Werte stehen und will sehen, wie grol3 die Veranderungen
sind.

* Wir werden neu gemessene Abstande passend addieren
oder subtrahieren.

« Wir verkabeln auf ,Loopback” und starten mit dem linken
Lautsprecher (Output 1).
Output 1 geht zur FIR-BoxX.
Output 2 geht in Input 1 des Audiointerface.
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Eine Messung mit Timing Offset ,,0“

Make a measurement X
Type: SPL Impedance Method: Sweep FSAF
Name: Loopback L Add number B Length Repetitions

Sett : 256k ¥ 1 v 59s
Add date/time  [B) SnG 2 .
© Use as entered Timing: Use loopback as timing reference v
Wl appEaras Prefix with output s ms
Loopback L Append level
Add to group
Notes:
(V) Keep for next measurement Playback: From REW From file
Start Freq End Freq Sample rate: 44.1 kHz v
Range: 20 % 2050 v Hz
Mode: Single measurement b
RMS dBu Setup: Start delay 15 pa
-
dBV
Level: - 1 5 d B FS Volts Qutput: 1: Qutput 1 v
w
© ders Sec. output:
Options: None selected v
Warnings: Low levels, High distortion, Low SN ¥
No abort triggers selected A Refoutput: | Z Output 2 i
Ready to measure... Ref input: 1: Input 1 v

(v) Capture noise floor

: : Input 2 5
nput on Focusrite USB ASIO -

Calibration files...

Check levels Start Abbrechen

MUSIC
WONDER
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Wir haben eine viel grofRere Latenz ...

~a

Loopback L

25.10.2025 18:19:06
W save Lock
x Remove Invert
/' Colour Add to group
E@ EQ Change cal

Delay 472,8998 ms (162,205 m, 532 ft 2 in)
relative to Loopback from 2: Output 2 to 1: Input 1
with no timing offset

Mic/Meter: ECM-8000-horizontal.txt
Soundcard: focusrite-scarlett-solo-4thgen-44.1.cal

Response copy Mic in box

Magnitude copy Merge cal to IR

Excess phase copy Min phase copy

Trim IR to windows

]

MUSIC
WONDER

Wir lesen die Latenz bei der
Messung ab (rechte Taste auf der
Messung). Die Latenz ist doppelt

so hoch, wie bei unseren
Messungen aus 1 Meter
Entfernung. Das liegt daran, dass
wir die Auflosung der Filter von 16k
auf 32k erhoht haben.
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Kontrollmessung mit neuem Offset

Make a measurement

Type: ‘ SPL Impedance
C' Add number B
Add date/time [
O Use as entered

Prefix with output

Name: Loopback L - Offset

Will appear as:

Loopback L - Offset Append level
Add to group
Notes:
(¥) Keep for next measurement
Start Freq End Freq
Range: 20 = 2050 v Hz
RMS dBu
-~
dBV
-15 dBFS
Volts
© ders
Warnings: Low levels, High distortion, Low SN ¥
No abort triggers selected b

Ready to measure...

o
o

Method:

Settings:

Timing:

Playback:

Sample rate:

Mode:

Setup:

Qutput:

Sec. output:
Options:

Ref output:

Ref input:

Input:

Check

Sweep FSAF
Length Repetitions
256k *
Use loopback as timing reference
Timing offset:
From REW From file
441 kHz v

Single measurement

Start delay 1s

1: Qutput 1

None selected

2: Output 2

1: Input 1

(v) Capture noise floor

Input 2
on Focusrite USB ASIO

Calibration files...

levels Start

Loopback L - Offset

-

25.10.2025 18:26:29

¢ ms(162205| I Gave Lock
X Remove Invert
/' Colour Add to group »
E@ EQ Change cal
Delay 2 ms (0,07 mm, 0in)
relative to Loopback from 2: Qutput 2 to 1: Input 1
with 472,8998 ms (162,205 m, 532 ft 2 in) timing offset
v Mic/Meter: ECM-8000-horizontal.bxt
Soundcard: focusrite-scarlett-solo-4thgen-44.1.cal
’ Response copy Mic in box
Magnitude copy Merge cal to IR
4 Excess phase copy Min phase copy
Trim IR to windows
2]
Abbrechen
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Nacheinander HL, ML, und B messen

Filter
HL
HR
ML

MR

CorH.dbl

CorHr.dbl

CorM.dbl

CorMr.dbl

CorB.dbl

att

att

att

att

att

MUSIC

del

del

del

del

del

WONDER
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Ein Blick auf die Impulse

Overlays = o X
»dz = Show all ¥ L@ SPL  Predicted SPL  Phase Predicted Phase = Level | Linearity Distortion [Imste ETC  Step GD RT60 Clarity ?\gi‘ € : + oF
T %
- — 10 @
60- m-LR - LR24 o
100/ .
ot ff 90
64: h-del-0
65: m-del-0 =
66: b-del-0 70
67: 1m-del-h7-m8-b0
68: mip 60
69: mip-EQ155
70: mip-EQ155-LS-HP28 20
71: EQ mip-EQ155-LS-HP28 40
72: mip-EQ155-LS-HP28-tuned
73: mlp-tuned-lin 30
74: mlp-tuned-lin-43
75: mlp-tuned-lin-48-3500 L
76: mip-tuned-lin-48-4000 07
T7: mip-tuned-lin-48-3000-hs
78: mlp-tuned-lin-48-3000-hs [ R S B ¢/ S
79: mip-tuned-lin-48-3000-hs T~ ‘
80: mip-tuned-lin-48-3000-hs -10 .
81: mip-tuned-lin-48-3000-hs % ““_\
82: mlp-tuned-lin .
83: mip-tuned-lin -30 3
84: mlp-tuned-lin-H
85: Step L -40
86: Step R
87: Loopback L Y i
88: Loopback L - Offset . 60 “‘» J e ®
89: mip-HL -565u -500u  -450u  -400u  -350u -200u  -150u  -100u  -504-22u}Ou 50u 100u  150u  200u  250u  300u 350u 400u 450u 500u 550u  600u  650u  700u  750us
90: mip-ML . ¥
91: mip-B - ) 8% mip-HL 3] p-M ) 91: mip-B _— 100,0 %
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Ein Blick auf die Sprungantworten

Overlays = o X
»dz = Show all ¥ L SPL  Predicted SPL  Phase Predicted Phase Level  Linearity Distortion Impulse @ ETC | Step | GD RT60 Clarity ’\\;” € : * OF
%
®
0 @
1154 _
ATl Dnr 100 X —
64: h-del-0 \ \
|
65: m-del-0 80 H \
1
66: b-del-0 [
67: 1m-del-h7-m8-b0 | \
60 | ~
68: mip S——
69: mip-£Q155 I
40 i
70: mip-EQ155-L5-HP28 |
71: EQ mlp-EQ155-LS-HP28 “ |
72: mip-EQ155-LS-HP28-tuned 20 [] f
73: mlp-tuned-lin A
| L . \
74: mlp-tuned-fin-48 0 p———— ! | I‘ ! ;“‘. ‘ \ v / /) - \
75: mlp-tuned-lin-48-3500 ) | ,‘ ‘ A [ \ |
76: mip-tuned-lin-48-4000 T \ ! | | \ /
77: mip-tuned-fin-48-3000-hs . \ ‘
78: mip-tuned-fin-48-3000-hs il
79: mip-tuned-fin-48-3000-hs = |
80: mlp-tuned-lin-48-3000-hs | |
|1
81: mip-tuned-lin-48-3000-hs -60 \1
82: mip-tuned-lin :
83: mip-tuned-lin -80
84: mlp-tuned-lin-H
85: Step L
-100
86: Step R
87: Loopback L
88: Loopback L - Offset . -120 e ®
8%: mip-HL -1,44m -1,2m -1,0m -800u -600u -400u -200u Ou 142u|00u 400u 600u 800u 1,0m 1,2m 1,4m 1,6m 1,8m 2,0ms
90: mip-ML X »
91: mip-B - ) 8% mip-HL —— -6,6 % © 1 ) 91: mip-B _— 80,7 %
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Der Bass ist 12 mm fruher als HL

Overlays = o X
? 4z = Show all| ¥ e SPL  Predicted SPL  Phase Predicted Phase = Level | Lineanty Distortion Impulse ETC | Step | GD RT60 Clanty /\,-ET’ GI'D g
100 @ 0 S e E—
@ ‘ | - T b2 <8
2 % - | ,// \\'\\
: o =t
| | =
80 ] = /// \\\
64: h-del-0 . 35 Bus (012 m_ 048 in) A
65: m-del-0 E 35.8us (012 m, 0,48 in) f 7 . .
— 1 /’ L]
0 T — Nochmal die Mathematik:
: 6 '
67: Tm-del-h7-m8-b0 / | /-1

Anstieg B geht von -17% bis 100%.
Mitte: 100 - (100 + 17)/ 2 = 41,5%

L Anstieg H geht von -66% bis 100%

. 7 b | Mitte: 100 — (100 + 66) / 2 = 17%

74: mlp-tuned-lin-43 5 ‘
/ ‘

75: mip-tuned-lin-48-3500 10 //' | = W”’ messen aISO von B bel 41 ,5%

76: mlp-tuned-lin-48-4000 = | 7/'

77: mip-tuned-lin-48-3000-hs i — — ///' ~ i bIS H be|17%v

78: mlp-tuned-lin-48-3000-hs 10— —

7 mlp-tuned- in-43-3000-hs === \ ] ' .j Abstand 12 mm / 7,8 = 1,53, d.h.

80: mlp-tuned-lin-48-3000-hs -20

T ) |/ | wir missen B um 2 Samples
HH verzogern

68: mlp 50
69%: mip-EQ155
70: mlp-EQ155-LS-HP23

83: mlp-tuned-lin

84: mlp-tuned-lin-H

85: Step L -50

86: Step R

87: Loopback L -60

88: Loopback L - Offset o - e e®

89: mip-HL -680u -600u -550u -500u -450u -400u -350u -300u -250u -200u -150u -100u @ -0u  50u  100u 150u 200u 250u 300u 350u 400u 450u 500u 550u 600u 650u 700u 750u B80Ou B46us
90: mip-ML >
91: mip-B . V) 8% mip-HL —_— -f ‘?J 91: mip-B _— 41,0 %
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Statt B zu verzogern: HL beschleunigen

Filter
HL
HR
ML

MR

CorH.dbl

CorHr.dbl

CoriM.dbl

CorMr.dbl

CorB.dbl

aft

att

aftt

att

aft

del

del

del

del

del
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Der Bass ist 22 mm spater als ML

Overlays

» Show all +

Il

+z

a

h-del-0

: m-del-0

b-del-0

67: Im-del-h7-m8-b0

mip

mlp-EQ155

70: mip-EQ155-L5-HP28

71: EQ mlp-EQ155-LS-HP28
72: mip-EQ155-LS-HP28-tuned
3: mlp-tuned-lin

74: mip-tuned-lin-48
mlip-tuned-lin-48-3500
mip-tuned-in-48-4000

: mlp-tuned-lin-48-3000-hs
78: mlp-tuned-lin-48-3000-hs
79: mlp-tuned-lin-48-3000-hs
: mlp-tuned-lin-48-3000-hs
81: mlp-tuned-lin-48-3000-hs
: mip-tuned-lin

3: mip-tuned-lin
mip-tuned-lin-H

: Step L

StepR

7: Loopback L

: Loopback L - Offset

89: mip-HL

0: mip-ML

91: mip-B -

=) SPL | Predicted SPL | Phase | Predicted Phase | Level | Linearity. | Distortion | impuise. | £7c [SepT] 60 | k160 | clerity = +O:+ X

= @

120 ©

i -63,0 us (-0,022 m, -O,E{m:l] //*"'/_ B i e = =

” f : -~ T "

Nochmal die Mathematik:

Anstieg M geht von -80% bis 100%
: 7 aafuaaes Mitte: 100 — (100 + 80) / 2 = 10%
S Nt Wir messen also von B bei 41,5%
bis M bei10%

Abstand 22 mm /7,8 = 2,82, d.h. wir
mussen M um 3 Samples verzogern

-120 ee®
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ML um 3 Samples von 8 auf 11 verzogern

Filter
HL
HR
ML

MR

CorH.dbl

CorHr.dbl

CorM.dbl

CorMr.dbl

CorB.dbl

att

att

att

att

att

del

del

del

del

del
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Kontrolle: Ein Blick auf die Impulse

Overlays = o X
»lz = Show all| ¥ - SPL  Predicted SPL  Phase Predicted Phase Level  Lineanity Distortion | Impulse | ETC | Step GD RT60 Clarity /\;%" € : » LOF

= %

pback
10 @
64: h-del-0 100 ., .
65: m-del-0
66: b-del-0 %0
67: Tm-del-h7-m8-b0
80
68: mip /
69: mlp-EQ155 70 /
70: mip-EQ155-LS-HP28 /
71: EQ mip-EQ155-LS-HP28 60 ira
72: mip-EQ155-LS-HP28-tuned //
73: mip-tuned-lin 20 //
74: - -lin- /
mlp-tuned-lin-438 40 /
75: mip-tuned-lin-48-3500 //
76: mlp-tuned-lin-48-4000 30 //
77: mip-tuned-lin-48-3000-hs /
78: mlp-tuned-lin-48-3000-hs L / / —~
79: mip-tuned-lin-48-3000-hs 07 ¥ / N
80: mip-tuned-lin-48-3000-hs
81: mlp-tuned-lin-48-3000-hs O — .4.’/'~ = —— S =t — —1 -
82: mlp-tuned-lin /// = 1 == ! \ » ] \
83: mlp-tuned-lin -10 // ~ / =
84: mlp-tuned-lin-H - N /
-20 N /
85: Step L
86: Step R .30 " —
87: Loopback L P
./7’
88: Loopback L - Offset -40 : —
8%: mip-HL ‘ | T
90: mip-ML Y {11 I
|

91: mip-B . 60 ‘ ‘_ e ®
92: mlp-H5 -565u -500u  -450u  -400u -350u -300u -250u -200u -150u -100u  -50u-22ujOu 50u 100u  150u  200u  250u  300u 350u 400u 450u  500u 550u 600u 650u 700u  750us
93: mlp-M11 < ’
94: mlp-B0 ~ ) 92: mlp-Hs - -28% ) 93: mip-M11 _ 98,4 % () 94: mlp-BO _ 100,0 %
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Kontrolle: Die Sprungantworten

Overlays = o X
»lz = Show all| ¥ - SPL  Predicted SPL  Phase Predicted Phase Level Linearity Distortion Impulse ETC | Step | GD RT80 Clarity /\;%" 1-:-' €O

= %

pback -
7 ®
— 120 ©
64: h-del-0
% -
65: m-del-0
66: b-del-0 100 ~ e
[l / A i i ™
67: 1m-del-h7-m8-b0 (1 f X——" s
\—~ ™~
68: mip 80 ol X "\
| \
69: mip-EQ155 [/ // \ S
70: mlp-EQ155-LS-HP28 5 I/ b
[ \ T ——
71: EQ mip-EQ155-LS-HP28 ‘ ‘/ \ ) i, = 9
72: mip-£Q155-L5-HP28-tuned A \ B
41,5 A1 {
73: mip-tuned-lin S | | | \
74: mlp-tuned-lin-43 // ‘ “ l
75: mip-tuned-lin-48-3500 20 // H
— ] I\ 1 . o
76: mlp-tuned-lin-43-4000 |- % / | ‘ I AA - ~ /
— ™ T | | | 2 i\ / ’ \ A N J e
77: mlp-tuned-lin-48-3000-hs T === T " mi ik L1 h S\ J \\ A\ / L} s B o / NS S s
=l i 1 o b" | 1/ | I\ / \\ ;i ./ Y ki o N/
78: mlp-tuned-lin-48-3000-hs ) o T— /’."/ \ ‘l. 1 IRY ' Y y 4
79: mip-tuned-lin-48-3000-hs 7 —— \ Il | ‘J . ;
80: mip-tuned-fin-48-3000-hs \ ¥
81: mip-tuned-fin-48-3000-hs i . |/
82: mlp-tuned-lin A0 N | \ 74
83: mip-tuned-lin E \ J“
84: mip-tuned-lin-H -60 X .i ‘
85: Step L '
86: Step R e
87: Loopback L
88: Loopback L - Offset
-100

8%: mip-HL
90: mip-ML
91: mlp-B - -120 e ®
92: mip-H5 -1,003m  -900u -800u -700u -600u -500u -400u -300u -200u -100u |-37u|0u 100u 200u 300u 400u 500u 600u 700u 800u 900u 1,00m 1,10m 1,20m 1,284m:
93: mlp-M11 4 %
94: mip-B0 - ) 92: mip-Hs S 65,2 % ) 93: mip-M11 —_— 1,5% () 94: mlp-BO —_— 217
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Spungantwort fur den linken Speaker

Overlays

» 12 Show all ¥

64: h-del-0 120
65: m-del-0

66: b-del-0 100
7: 1m-del-h7-m&-b0

© 0@

o

68: mip

69: mip-EQ155

70: mip-EQ155-LS-HP28

71: EQ mlp-EQ155-LS-HP28
mip-EQ155-LS-HP28-tuned

80

60

7.

[+

73

]

mip-tuned-lin 40
74: mip-tuned-lin-48

7

w

mlp-tuned-lin-48-3500 20
76: mip-tuned-lin-48-4000

77: mlp-tuned-lin-48-3000-hs

78: mlp-tuned-lin-438-3000-hs

79: mlp-tuned-lin-48-3000-hs

80: mlp-tuned-lin-48-3000-hs -20
81: mip-tuned-lin-48-3000-hs

82: mip-tuned-lin -40
83: mip-tuned-lin

84: mlp-tuned-lin-H
85: Step L

86: Step R

87: Loopback L

88: Loopback L - Offset

-60

-80

SPL

Predicted SPL

Phase

Predicted Phase

Level Linearity Distortion Impulse ETC \Step GD RT60 C-x-b We

Clarity N

89: mip-HL -99.4
90: mip-ML

91: mip-B -120
92: mlp-H5
93: mip-M11 -1,68m
94: mip-B0 X
95: mlp-H5M11B0

-1,0m

-500u

Ou

500u

1,0m

1,5m

2,0m

e

9,89ms
»

2,5m 3,0m 3,5m 4,0m 45m 5,0m 5,5m 6,0m 6,5m 7,.0m 75m 8,0m 8,5m 9,019,20m|9,5m

) 95: mip-H5M11B0 — 411 %
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Wechsel zum rechten Speaker

* Wir verkabeln verkabeln auf ,Loopback” fur den rechten
Lautsprecher (Output 2).

Output 2 geht zur FIR-BoxX.
Output 1 geht in Input 1 des Audiointerface.

« Wir fuhren die gleiche Serie von Messungen und
Anpassungen durch.

* In der Folge zeige ich das mit etwas weniger Detalils.

291



MUSIC
WONDER

Nach Umkabeln beim Messen umstellen

Make a measurement X
Type: SPL Impedance Method: Sweep FSAF
Name: | mip-HR A namber B Length Repetitions
Sett: ] 256k ¥ 1 v 59s
Add date/time [ s - :
© Use as entered Timing: Use loopback as timing reference v
O Ay ear 25 Prefix with output Timing offset: 4728998 % ms (162,205 m)
mip-HR Append level
Add to group
Notes:
(V) Keep for next measurement Playback: From REW From file
Start Freq End Freq Sample rate: 44,1 kHz v
Range: 20 = 2050 v Hz
Mode: Single measurement b
RMS dBu Setup: Start delay 15 ¥
-
dBV
-15 dBFS . =
- Volts Output: v
v
© ders Sec. output:
Options: None selected s 2
Warnings: Low levels, High distortion, Low SN ¥
No abort triggers selected v Ref output: Lo =
Rewty vo sanesire. Ref input: 1: Input 1 v

0%

) Capture noise floor

o Input 2 5
Py on Focusrite USB ASIO -

Input: Calibration files...

Check levels Start Abbrechen
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Nacheinander HR, MR und B messen

Filter
HL
HR
ML

MR

CorH.dbl

CorHr.dbl

CorM.dbl

CorMr.dbl

CorB.dbl

att

att

att

att

att

MUSIC

del

del

del

del

del

WONDER
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Ubersicht Impulse

Overlays
»lz = Show all v =
65: m-del-0 —
%
66: b-del-0 -
67: 1m-del-h7-m8-b0 10 @
: 1m-del-h7-m8-|
68: ml| .
= m
£ 100/ o =
69: mlp-EQ155
70: mlp-EQ155-LS-HP28 %0
71: EQ mlp-EQ155-LS-HP28
80
72: mlp-EQ155-LS-HP28-tuned
73: mip-tuned-lin 70

74: mip-tuned-lin-48

75: mip-tuned-lin-48-3500
76: mip-tuned-lin-48-4000
77: mip-tuned-lin-48-3000-hs
78: mlp-tuned-lin-48-3000-hs
79: mip-tuned-lin-48-3000-hs
80: mlp-tuned-lin-48-3000-hs
81: mlp-tuned-lin-48-3000-hs
82: mlp-tuned-lin

83: mip-tuned-lin

SPL  Predicted SPL  Phase Predicted Phase Level  Linearity Distortion | Impulse | ETC | Step GD RT60 Clarity

MUSIC
WONDER

A= i O

84: mip-tuned-lin-H
85: Step L

86: Step R

87: Loopback L

88: Loopback L - Offset
89: mip-HL

90: mip-ML

91: mlp-B

92: mlp-H5

93: mip-M11

94: mip-B0

95: mlp-H3M11B0 . 60

96: mlp-HR -565u -500u  -450u  -400u -350u -300u -250u -200u -150u
97: mip-MR 4

98: mlp-BR ) 96: mip-HR R -89,4 %

-100u

97: mip-MR

=500 -22u} Ou

250u

76,6 ¢

300u

350u

mip-BR

e

600u  650u  700u  750us
»

o

-
B
[
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Ubersicht Sprungantworten

Overlays = o
»lz = Show all| ¥ )| SPL Predicted SPL Phase Predicted Phase Level Linearity Distortion Impulse ETC W GD RT60 Clarity 7’\\%2‘ €
65: m-del-0 —

66: b-del-0 -
67: 1m-del-h7-m8-b0

68: mip

69: mlp-EQ155

70: mip-EQ155-LS-HP28

71: EQ mip-EQ155-L5-HP28

72: mip-EQ155-LS-HP28-tuned

73: mip-tuned-lin

74: mip-tuned-lin-48

75: mlp-tuned-lin-48-3500
76: mip-tuned-lin-48-4000
77: mip-tuned-lin-48-3000-hs
78: mlp-tuned-lin-48-3000-hs
79: mip-tuned-lin-48-3000-hs
80: mlp-tuned-lin-48-3000-hs
81: mlp-tuned-lin-48-3000-hs
82: mlp-tuned-lin

83: mip-tuned-lin

84: mip-tuned-lin-H

85: Step L

86: Step R

87: Loopback L

88: Loopback L - Offset

89: mip-HL

90: mip-ML

91: mlp-B

92: mlp-H5

-100

93: mip-M11
94: mip-B0
95: mlp-H5M11B0

-120

= e
96: mlp-HR -560u  -500u -450u -400u -350u -[-289u|-250u -200u -150u -100u -50u -Ou 50u 100u 150u 200u 250u 300u 350u 400u 450u 500u 550u 600u 650u  700u 750u  800u 850u 900u 950us
97: mip-MR . ¢
98: mlp-BR ) 96: mip-HR —_— 23% ) 97: mip-MR _ -64 % (V) 98: mip-BR _ -11,0%
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Der Bass ist 22 mm spater als HR

Overlays

» 1l

= Show all +
65: m-del-0

66: b-del-0
67: 1m-del-h7-m8-b0
68: mlp
69: mlp-EQ155
70: mip-EQ155-LS-HP28
71: EQ mip-EQ155-LS-HP28
72: mip-EQ155-LS-HP28-tuned
73: mip-tuned-lin
74: mlp-tuned-lin-48
75: mlp-tuned-lin-48-3500
76: mip-tuned-lin-48-4000
77: mip-tuned-lin-48-3000- hs
78: mlp-tuned-lin-48-3000-hs
79: mip-tuned-lin-48-3000-hs
80: mlp-tuned-lin-48-3000-hs
81: mlp-tuned-lin-48-3000-hs
82: mip-tuned-lin
83: mip-tuned-lin
84: mip-tuned-lin-H
85: Step L
86: Step R
87: Loopback L
88: Loopback L - Offset
89: mip-HL
90: mlp-ML
91: mlp-B
92: mlp-H5
93: mlp-M11
94: mip-B0
95: mlp-H5M11B0
96: mlp-HR
97: mip-MR
98: mlp-BR

80

70

60

SPL

Predicted SPL

Phase

[-65.4 us (-0,0

1
l

Predicted Phase

MUSIC
WONDER

Level

Linearity = Distortion = Impulse | ETC | Step | GD RT60 Clarity

e o

1-65,4 us (-0,022 m

-60

-528u
4

-450u -400u -350u -300u

) 96: mip-HR

-250u

1

“Click in sh
|

i1
=

-200u -150u -100u -50u [-4u

50u

-id:d= area tozoom A
1 A [
| A\
{

Abstand 22 mm /7,8 = 2,82, d.h. wir
mussen HR um 3 Samples verzdgern

100u  150u  200u

e

800u 850u 900u 950u 997us
»
mip-MR 21% (¥) 98: mip-BR

250u  300u 350u 400u 450u  500u 550u  600u 650u 700u 750u
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HR um 3 Samples von 7 auf 10 verzogern

Filter
HL
HR
ML

MR

CorH.dbl

CorHr.dbl

CorM.dbl

CorMr.dbl

CorB.dbl

att

att

att

att

att

del

del

del

del

del

10

11
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Der Bass ist 6 mm fruher als MR

Overlays

)
€«>
(§

)

» 3z = Show all & SPL  Predicted SPL  Phase Predicted Phase = Level | Lineanty Distortion Impulse ETC | Step | GD RT60 Clanty

100 [1:5:,_1 us IOCL:J(] m, 0:'5 In) ] o

1 .

80 /

60 / n -

IOl TN FET Abstand 6 mm /7,8 = 0,77,
ey d.h. wirmussen MRum1 | — —
EE | ! Sample beschleunigen

-80

-100

e

6: mip-HR -530u -450u -400u -350u -300u -250u -200u -150u -100u -50u [-4u] SOu 100u 150u 200u 250u 300u 350u 400u 450u 500u 550u 600u 650u 700u 750u 800u 850u 900u 950u 99%us
7: mip-MR 1 %

o

o

98: mlp-BR 96: mlp-HR -17,5 % V) 97 mip-MR — 211% (v) 98: mip-BR — 412
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MR 1 Sample von 8 auf 7 beschleunigen

Filter
HL
HR
ML

MR

CorH.dbl

CorHr.dbl

CorM.dbl

CorMr.dbl

CorB.dbl

att

att

aft

att

aft

del

del

del

del

del

10

11
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Kontrolle: Ein Blick auf die Impulse

Overlays
A= €«

»dz = Show all ¥ & SPL  Predicted SPL  Phase Predicted Phase | Level | Lineanty Distortion | Impulse | ETC  Step GD RT60 Clanty v I
a

90 \

80
2 / [ \

-50
| v e®

700u  750us

>

v -60
99: mlp-HR10 -565u -500u  -450u

-400u  -350u  -300u  -250u  -200u -150u  -100u  -504-22ujOu 50u 100u  150u  200u  250u  300u 350u  400u 450u  500u 550u  600u  650u

100: mip-MR7 1
) 99 mip-HR1( 240 % ¥) 100: mlp-MR7 96,1 % () 101: mip-BR

101: mlp-BRO =
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Kontrolle: Die Sprungantworten

Overlays

» iz = SPL  Predicted SPL

& Show all + -
L

a

100
80

60

Phase

Predicted Phase

Level Linearity Distortion Impulse ETC | Step | GD RT60 Clarity v I

-60

-80

-100

-1,19m -1,0m -800u -600u

4

99: mip-HR10
100: mip-MR7

101: mlp-BRO . ) 99: mip-HR10

-400u

-200u

e

2,2ms

2,0m

200u 400u 600u 800u 1,0m 1,.2m 1,4m 1,6m 1,8m

1: mlp-BR

) 100: mlp-MR7
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Spungantwort fur den
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rechten Speaker

Overlays - o X
» 4z = Show all ¥ L SPL  Predicted SPL  Phase Predicted Phase = Level | Lineanty Distortion Impulse ETC | Step | GD RT60 Clanty /\;' "I" WwWe
40 @
e
120 % v
100 '
.,
80 ‘. i
10
!|Ii
60 '\‘ ]
‘1
40 A
i
|
20 [
1
> | \
-20 ' |l
-40
-60
-100
99: mip-HR10 e e®
100: mlp-MR7 -1,33m -500u 0 500u  1,0m 15m 20m 25m 30m 35m 40m 45m 50m 55m  60m  65m 70m  75m  80m  85m  90m  9,19,66m|10,0ms
101: mlp-BRO 1 '
102: mip-HR10MR7BRO . V)
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Rechts und links zusammen

Overlays = o X

»lz = Show all + - SPL  Predicted SPL  Phase Predicted Phase Level Linearity Distortion Impulse ETC | Step | GD RT80 Clarity A= ":" W

H a

uned-lin-48-3500 100

I

uned 18- | 80 1l"‘

60 Hi T YA
il \v'ﬁv W

40

95: mlp-H5M11B0 -77, G}

=100

99: mlp-HR10
100: mlp-MR7 -1,33m
101: mip-BRO .

102: mlp-HR10MR7BRO

0

500u

9,0m

e e

9,19,66m| 10,0ms

»
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Loopback raus - L+¥R messen

Overlays = (] X
» 12 = Show all + _ P - P
v s e SPL  Predicted SPL  Phase Predicted Phase = Level | Lineanty Distortion Impulse ETC | Step | GD RT60 Clanty = €. OF
“ 140
120
i | <
/- . . .
I D td m m
Ny as ISt dle gemeinsame
80
I | s
b Sprungantwort von L+R am Horplatz.
60 oo
40
[
20 | .
P
1 V
0 T | ]
-20
-40
-60
77,0
-100
99: mlp-HR10 .
100: mlp-MR7 -1,33m -500u 0 500 1,0m  15m  20m  25m  30m  35m  40m 45m SO0m  S55m  60m  65m 70m  75m  80m  85m  90m  9,{9,66m|10,0ms
101: mip-BRO . %
102: mlp-HR10MR7BRO - ) 103: mip-all-de — : ) 104: mlp-all-de e
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Plausibiltats-Check

« Die Messungen sind super /
« Links wird ML starker verzogert als rechts, da MR naher ist
* Rechts wir HR starker verzogert als links, da HR naher ist

Filter

HL CorH.dbl v att 3 del 5
HR CorHr.dbl v att 3 del 10
ML CorM.dbl v att 4 del 11
MR CorMr.dbl v att 4 del 7

B CorB.dbl v att 3 del 0
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Attenuation: Lohnt sich ein Angleich L/R?

Ist HL leiser als HR am Horplatz, weil weiter weg?
Ist ML lauter als MR am Horplatz, weil naher dran?
Wir schauen uns das an.

Filter

HL CorH.dbl v att 3 del 5
HR CorHr.dbl v att 3 del 10
ML CorM.dbl v att 4 del 11
MR CorMr.dbl v att 4 del 7
B CorB.dbl v att 3 del o0
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HL ist ein wenig leiser als HR

MUSIC
WONDER

Overlays = o X
»lz = Show all| | WDrednctedSPL Phase = Predicted Phase Level Linearity | Distortion Impulse ETC Step GD RT60 Clarnty )_9 /\,-Ef GI'D O
= SPL
- ]
s ©
SPL
80
79
78 \
76
75 T — -
74
73
.
< Insbesondere auch die Flanken
e zur Orientierung verwenden
70
69 ,/"
68
99: mip-HR10 10.. 250
100: mip-MR7 67 20... 20k
101: mlp-BRO . e ®
102: mlp-HR10MR7BRO 2%k 2,766k 3k 4k 5k 6k 7k 8k ak 10k 20kHz
103: mip-all-del 4 »
104: mip-all-del . ) 92: mip-H _(E}_ 69.1 dE ) 99: mip-HR10 %E;_ 69.6 dB

307



HR wird um 0,8 dB abgesenkt

MUSIC

WONDER

[ ] L - a=~ d8 5PL AY o= Ay
c S H X O U T A Il ¥ i E®@ W X7 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please dlick here to make a donation to help support its continuing development X
Select all A= PR
: e SPL & Phase | AlISPL | Distortion Impulse Filtered IR = GD RT60 RT60Decay Clarity Decay Waterfall Spectrogram = Captured - s ¥ L
Clear selections ture ‘ Separate  Scrollbars Freq. Axis Limits Controls
Toggle selections PL
Select measurements from file b
Clear measurements from file » M
kal Save selections BZ
X Remove selections b1
o
i Lock selections
B0
Unlock selections L
v/ Set selections colour
7.
/ Set colours to default X
Change selections cal ks
Copy selected responses L
Add to group (N
74 )
mip-HR10 25.10.2025 19:45:05 73
SPL offset (dB): 08 4  Addtodats f2
7
Make this the current selection
70
Use this as SPL reference
=
37}
X Remove Lock 68
/ Colour Invert 67
E@ EQ Addtogroup * §gg
Delay 0,0019 ms (0,66 mm, 0,03 in) 65
relative to Loopback from 1: Qutput 1to 1: Input 1
with 472,8998 ms (162,205 m, 532 ft 2 in) timing offset
B3
From rew.mdat B g
Mic/Meter: ECM-8000-horizontal.txt
Soundcard: focusrite-scarlett-solo-4thgen-44.1.cal 61
Response copy Mic in box 1k 1,387k 9k 10k 1k 13k 14k 16k 18k 20kHz
Magnitude copy Merge cal to IR s £
- . . a . A an T =N en e oan A an [T PPN =" LR
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Overlays

»

4z
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M L i t i i I t I M R
= (s X
Show all| e SPL | Predicted SPL  Phase @ Predicted Phase Level Linearity Distortion Impulse ETC Step GD RT60 Clarity )2 (‘?:"f GI'P O
SPL
@®
s ©
SPL v
80
79
78 / S /
= \ i
77 / \_;_/_/ 'g_,\\ \
. \\_7\ ?
76 / 4 \ ]
75 //
/
74 .“/ \
/
T \\
| & \
73 /Hf \
/ )
72 / \ )
/
-
93: mlp-M11 It
/
70 /
./
69 / /
68 /
99: mip-HR10 [ 10.. 250
100: mip-MR7 67 20.. 20k
/ :
101: mlp-BRO [ \ e ®
102: mlp-HR10MR7BRO 500 600 700 800 900 1,0k 2,0k 3,0k 4,0k 44,818kkHz
103: mlp-all-del 1 »
104: mlp-all-del - ) 93:m —{py - ) 100: mlp-MR7 Psy 61,2 dB
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MR wird um 0,8 dB erhoht

Overlays

Show all + ! SPL

Select all

Clear selections
Toggle selections
Select measurements from file 4

Clear measurements from file L4

ke Save selections
X Remove selections
@ Lock selections
Unlock selections
/' Set selections colour
/' Set colours to default
Change selections cal
Copy selected responses

Add to group -

[mip-MR7 | 25102025 19:45:30

SPL offset (dB): 08 ¥ Add to data

X
Phase = Predicted Phase = Level Linearity = Distortion Impulse ETC Step GD RT60 Clarity )ﬁ ?\gi‘ € 8

Use this as SPL reference

X Remove Lock

/' Colour Invert

E@ EQ Add to group »
Delay -0,0078 ms (-2,7 mm, -0,11 in)

relative to Loopback from 1: Qutput 1to 1: Input 1
with 472,8998 ms (162,205 m, 532 ft 2 in) timing offset

Mic/Meter: ECM-8000-horizontal.txt
Soundcard: focusrite-scarlett-solo-4thgen-44.1.cal

Response copy Mic in box
Magnitude copy Merge cal to IR 600 700
Excess phase copy Min phase copy

Trim IR to windows

10..250

20.. 20k
e®
sk {amiaHe

»

) 93: mip-M11 —{psy 61,3dB ) 100: mlp-MR7 Psy 61,2d8B
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Anpassung Attenuation fur HR und ML

Filter
HL

HR
ML
MR

B

Filter
HL
HR
ML

MR

CorH.dbl

CorHr.dbl

CorM.dbl

CorMr.dbl

CorB.dbl

CorH.dbl

CorHr.dbl

CorM.dbl

CorMr.dbl

CorB.dbl

att

att

att

att

att

att

att

att

att

att

del

del

del

del

del

del

del

del

del

del

10

1

10

1

HR wird 0.8 dB
leiser und MR wird
0.8 dB lauter
eingestellt.
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Beide Speaker nach den Anpassungen

WONDER

File Tools Preferences Graph Help Donate Pro upgrades REW V5.40 Beta 103 = o X
r — A, o] a8 A AV + - A
= R X O L S Il 2 I E@ Wb X7 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development X
« 12 = Show all ¥ A= + O}
oy _Q_" | . 7 ;\\vr: ‘-*.p 08
[LARA ] A SPL & Phase | AllSPL | Distortion Impulse Filtered IR | GD RT60 | RT60 Decay = Clarity Decay Waterfall = Spectrogram = Captured -
m Iz Capture Separate Scrollbars Freq. Axis Limits Controls
R SPL
Ly ] kL-0f ®
M St 90 9
SPL v
(L 5 -
85
J\\f =k : -
/t;/;\ 75
\
m SO 68,9 3
h..‘ &
' i
I\f it P 5511
/W\ il 50
{1 oz 45 10..250
m mip-all 20... 20k
. B v © @
] 20 30 40 50 60 70 80 100 200 300 400 500 600 700 800 1k 1,387k 2k 3k 4k 5k 6k Tk 8k 10k 12k 14k 17k 22,1kHz
105: L+R mlp-zll-del-att 4 »
ey 106: L mip-all-del-att = l?,‘ 106: L mip-all-del-att Psy 776dB ZI 107: R mlp-all-del-att — Psy |— 78,5dB

1347/1662MB  44.1 kHz Int32L in, Int32L out, 1024 0000 00; 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Zwischenstand

Eigentlich fertig ...
» Treiber im Nahfeld in Frequenzgang und Phase linearisiert.
« Crossover mit Hilfe von 1 Meter Messungen festgelegt.
« Diverse Verbesserungen am Horplatz vorgenommen.

* Und die HECOs klingen jetzt auch sehr ordentlich — Pflicht
erfullt.

* Nicht jeder Horer wird damit glucklich ...

« ,mehr Bass"- ,ist mir zu anstrengend im Prasenzbereich® - ,weniger
Bass®- ,zu spitz im Hochton® - ,ist mir viel zu dumpf® — ,genau richtig, ich
mag linear” ...

» Jetzt kommt Kur — Musik so horen, wie sie mich bewegt
« Wir machen klangliches Finetuning nach Geschmack

313



MUSIC
WONDER

Teil 2
Klangliches Finetuning

Zu Deinem personlichen Traumklang
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Warum ist Klang einstellen so verpont?

« Ganz fruher typisch: ,Bass” und ,Treble” — wir drehen zwei
Frequenzbereiche hoch und runter.

« Klassische Equalizer: Ein paar mehr Regler fur ein paar
mehr Frequenzbereiche.

« Parametrische Equalizer (lIR): Da geht (noch) mehr
(kaputt).

 Automatische Raumkorrektur und Zielkurven: Das
funktioniert ... nur teilweise.

« Fast immer Seiteneffekte durch Phasenverschiebungen.
« Oft gehort

.lrgendwie ist die Lebendigkeit raus”.
,Hab" ich probiert. Taugt nix".
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Was ware sinnvoll?

 Die Basis ist da. Die Treiber spielen sauber, Phase und
Timing stimmen und der Klang im Raum passt.

« Wir wollen diese Eigenschaften nicht verschlechtern, wenn
wir den Klang anpassen.

« Linearphasige FIR-Filter konnen den Klang verandern, ohne
die Basiseigenschaften zu verschlechtern.

* Wir wollen beim Musik horen so einfach wie moglich
unseren Wunschklang einstellen und dazu definitiv keine
FIR-Filter programmieren mussen.
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Workflow Teil 5
Beim Horen meine
Zielkurve einstellen
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Audiophiles Musicwonder Tuning

o Klassische Zielkurven sind nicht linear.

« Typisch sind sanfte Verlaufe mit etwas mehr Bass,
ausgeglichenen Mitten und etwas weniger Hohen.

« Eine Zielkurve legt einen solchen Verlauf exakt fest.
 Am bekanntesten: Harman Zielkurve.

« Das Musicwonder Soundtuning ermoglicht 111 Varianten
von Zielkurven per Klangregler unterbrechungsfrei
einzustellen und anzuhoren.

« Das erlaubt eine sehr genau tonale Balancierung zwischen
Bass, Mitten und Hohen nach personlichem Geschmack.

* Der HOrer muss nur horen, was ihm am besten gefallt.
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Was ist die richtige Zielkure?
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File Tools Preferences Graph Help Donate Proupgrades REW V5.40 Beta 103 = o X
r — Y g ] d8 N N~ + - A
= B H X O L Y I~ bk E@ i X7 7
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development X
«lz = Show all ¥ = P - % &
- — SPL & Phase | AllSPL | Distortion ~Impulse = Filtered IR | GD RT60 = RT60 Decay  Clarity Decay = Waterfall Spectrogram | Captured = + ~—
I\\[\ 100: mip-MR7 Capture Separate Scrollbars Freq. Axis Limits Controls
SPL
1: ml a
/"‘\ ®
m e P %023}g
8 _—
77105 L+R mip-all-del-att | L
| 106: L mip-all-del-att ] I M i et s e e — — .
T 0nR mip-all-del-att 80
"1 108: R mip-all-del-att-Br
. . -
.
] o Lk mp sk e Zielkurve in grun:
75 n .
So mogen das viele
111: st-30
112: 5t-20 70
113: st-10
114; st05
115: st13 o
— 10..250
116: st28 20 .. 20k
117: st60 v o (ST
_-— 118: 5t80 20 30 40 50 60 70 80 100 156,00 200 300 400 500 600 700 800 1k 2k 4k Sk 6k 7k 8k 10k k k 20kHz
4 »
118: Target 5t-10 - @) 116: st28 _ 84,7 dB ) 119: Target st-10 —{/s ) 85,0dB
1347/1790MB  44.1 kHz Int32L in, Int32L out, 1024 0000 00; 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;
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Lieber etwas naher an der Linearitat?

File Tools Preferences Graph Help Donate Pro upgrades REW V5.40 Beta 103 = o X
: o] @8 N\ ~ N~ + - A
‘ Bam 0 o A \
= B H X O i VY ik Ee i 7 /
Measure Open Saveall Removeall Info IRwindows SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development X
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Oder doch eine englische Abstimmung?
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Wie klingt es am schonsten?
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Einfach selbst beim Horen einstellen
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Workflow Teil 6
Beim Horen meinen
Traumklang finden
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Audiophiles Musicwonder Voicing

* Neben einer Zielkurve kann auch ein Voicing festgelegt
werden, das den Klang zusatzlich feiner einstellt.

* Wir haben eine Bibliothek von Musicwonder Voicings
entwickelt, die weiterentwickelt wird und offen ist.

« DIY-Entwickler konnen solche Voicings auch selbst
erganzen.

« Ein Musicwonder Voicing wird ebenfalls per Klangregler
beim Horen unterbrechungsfrei in feinen Schritten
eingestellt (typisch: 30 Stufen).

* Im Folgenden werden die zurzeit vorhandenen Voicings
kurz vorgestellt.
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BBC 1 - 30 Einstellungen
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Air - 30 Einstellungen
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Tube - 30 Einstellungen

File Tools Preferences Graph Help Donate Proupgrades REW V5.40 Beta 103 = o X
mm Aol ES \ AL 24 ’
>~ H O x O BV Il Y bk E® w37 7
Measure Open Saveall Removeall Info SPL meter Generator Scope Levels Overlays RTA EQ Roomsim Arithmetic Preferences
REW is free software, but if you can afford to please click here to make a donation to help support its continuing development x
&1z = Show all * A »
z = s 4
a » SPL & Phase | AllSPL | Distortion Impulse Filtered IR | GD RT60 | RT60 Decay = Clarity Decay Waterfall = Spectrogram = Captured A= ¥ <
/ 109: L+R mip-all-del-att-Br Capture Separate  Scrollbars Freq. Axis Limits Controls
— SPL
7 110: L+R mip-all-del-att -
@
111: st-30
95 ©
112 54-20 <
113: st-10
114: 5t05 0
115: st13
116: st28
85
117: st60 —
T 118:5t80 ‘ = e o N A B —
119: Target st-10 80 mE
120: BBC 1
121: BBC 2
75
122: Kick
123: Voice
124: Bass-2 70
10..250
125: Bass+6
20 .. 20k
126: Air . ‘ ‘ ee®
65,62
I |12%: Tube 0 241 30 40 50 60 70 80 100 200 300 400 500 600 700 800 1k 2k 3k 4k 5k 6k 7k 8 10k 12k 15k 19,7kHz
] »
128: Chill = () 119: Target st-10 s} 85,0 dB (&) 127: Tube —{Vas ) 83,8 dB
1323/1700MB  44.1 kHz Int32L in, Int32L out, 1024 24 0000 00 32-bit input data Max input 120 dB SPL Right press to pan; Ctrl+right press & drag to measure; mouse wheel to zoom;

331



MUSIC
WONDER

Chill - 30 Einstellungen
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Kick - 30 Einstellungen
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Voice - 30 Einstellungen
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AbschlieBRende Bemerkungen

* Wir freuen uns, wenn mehr DIY-Begeisterte mit FIR-Filtern
arbeiten. Es macht Spal} und hebt enorm viel Potenzial.

* Noch wichtiger ist uns das Ziel, Musik so zu horen, wie sie
uns bewegt.

* Fur reine Musikhorer ist es heute moglich, den Klang ihres
Systems selbst beim Horen nach ihrem personlichen
Geschmack sehr fein einzustellen.

« Letzteres ist bereits ein moglicher, sehr einfacher und
schneller Einstieg in die Nutzung von FIR-Filter.

* In diesem Fall wird ein passives System mit einer FIR-BoxX
Fullrange und ohne Basisfilter angesteuert und nur per
Zielkurve und Voicings klanglich getunet.
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AbschlieBRende Bemerkungen

* Dieses Dokument ist sicher nicht vollstandig oder fehlerfrei.

* Der vorgestellte Workflow ist Ergebnis vieler Forschungen,
Experimente, Entwicklungen und Programmierungen der
vergangenen Jahre.

« Wir arbeiten standig an Verbesserungen in allen Bereichen.

« Wir sind offen fur Verbesserungsvorschlage, konstruktive
Kritik, alternative Ansatze und probieren gerne Neues aus.

« Wir stellen unser Wissen der DIY-Community zur Verfugung
stellen und unterstutzen dabei, dass immer mehr
Musikliebhaber zu schoneren Horerlebnissen kommen.

« Wir freuen uns auf eure Projekte, Erfolge und Austausch.
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Vielen Dank

Bidjan Tschaitschian
bidjan@tschaitschian.com



