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Topics

1) Application

2) Design considerations

3) Example loudspeaker system

4) Workflow for directivity optimization through the crossover region
5) Passive crossover implementation

6) Response correction with front-end EQ

7) Final results
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Passive Loudspeaker Directivity Optimization

Please stop me at any time for questions.

A PDF of all the slides will be available on my website
www.excelsior-audio.com/Publications.html

at the bottom of the page under
AES Papers & Presentations
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Applications

1) Home / consumer loudspeakers
2) Studio monitors
3) In-wall / in-ceiling
4) Pro-audio
a) “Point-source” boxes
b) Large-scale line array modules

[~
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Design Considerations

On-axis frequency response
* small number of listeners

Off-axis frequency response
e typically, much greater number of listeners
 determines the directivity response

More consistent response from on-axis to off-axis yields more
consistent sound quality in different acoustical environments
Sound Reproduction: Loudspeakers and Rooms
Floyd Toole
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Example Loudspeaker Syste

-
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Small, two-way loudspeaker Y

system with 200 mm (8 inch) Q 2.00)

woofer & 25 mm (1 inch)
dome tweeter
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Example Loudspeaker System
On-axis frequency response
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Example Loudspeaker System
Off-axis frequency responses (vertical)
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r
Example Loudspeaker System
Off-axis frequency responses (vertical)
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r
Example Loudspeaker System
Off-axis frequency responses (vertical)
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r
Example Loudspeaker System
Off-axis frequency responses (vertical)
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w
Example Loudspeaker System
Off-axis frequency responses (vertical)
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r
Example Loudspeaker System
Off-axis frequency responses (vertical)
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r
Example Loudspeaker System
Off-axis frequency responses (vertical)
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f
Example Loudspeaker System
Beamwidth (horizontal & vertical)
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!
Example Loudspeaker System
Directivity map (vertical)
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r
Example Loudspeaker System
Beamwidth of individual components (horizontal)
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r
Example Loudspeaker System
Beamwidth of individual components (vertical)
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Directivity Optimization

Tools — SpeakerLab (AFMG ease.afmg.eu/index.php/ease speakerlab.htmi)

T AES147 Example_System - EASE Speakerlab

File Help

= General Data

- key2WayLsp "AES147 Example

- Appearance

- Presets (0)

- Addtonal Data Files (0}

- Authorization Files (0)

= Acoustic Data

- Source Definitions (2)
keyHF
keylF

- Fiter Groups (2)
keyHF_Fiters "HF Fiters”
keyLF_Fiters "LF Fiters”

- Transformers (1)

| Bax Types (1)
key2WayBox “AES147 Exam|

P —— i

Edit Bax Type
General | Acoustic Properties | Input Configurations | InputCortig1 S
Internal Name :  key2WayBox
Display Name:  AES147 Bxample System
e
Wa\g:;;?: “EZT( o Of Hass ] Loudspeaker Corfiquration
X[m]: []
Y] B \I::: sConﬂguratmn
A ¢ HF bk
Connecting Poirt for Next Cabinet 0 = ' —
X[m]: )
¥ m] )
Z[m] )

Graphs  Help

, ,

EXCELSIOR AUDIO

[ ] [AES147 Example System

Bandwidth: -_M'Zlkh Ocl ~

Dats Shown:  AES147 Example System (Excelsior Audic)
Display Parameters: Freguency: 1000Hz (1/24th Octave) Mer: 0* Par: 0

Sensitivity (2.83 Vrms, 1m)

Graph Options

EACEHID

'00 - Excelsior Audio!

b Projecs 20 - Company\Ashiy\Climate &1 XO DesigniAES147_Example_System xgll
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Directivity Optimization
Tools — SpeakerlLab
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Directivity Optimization
Tools — SpeakerlLab

AES147 Example System [AES147_Example System.gli]

EXCELSIOR AUuDIO

Don’t exceed the —-
capabilities of the
intended crossover

implementation!

Display Pas ler: 0" Par: 0"
- om0 Sensitivity (2.33 Vrms. 1m)
HF blark

Delay & EQ boost

are OK for a DSP-

based crossover.
Not appropriate for
a passive crossover.
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Directivity Optimization
Off-axis response consistency is more important than on-axis
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Directivity Optimization
HF driver protection (reliability)
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Directivity Optimization
Selecting the XO region
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Directivity Optimization

High-pass filter — Intended for passive implementation

2"d order response
using staggered
poles

r View GLL: AES147 Example System [AES147_Example_System.gll] )

File View Calculate Graphs Help

EXCELSIOR AUuDIO
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Loudspeskcer Corfiguration
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Directivity Optimization
High-pass filter — Intended for passive implementation
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Directivity Optimization

Low-pass filter — Intended for passive implementation

View GLL: AES147 Example System [AES147_Example_System.gll
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File View Calculate Graphs Help
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EXCELSIOR AUuDIO
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2"d order response
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Directivity Optimization
Low-pass filter — Intended for passive implementation
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Directivity Optimization
System response, on-axis
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Directivity Optimization
System response, on-axis — compared to stock XO
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Directivity Optimization
Off-axis frequency responses (vertical)
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Directivity Optimization
Off-axis frequency responses (vertical)
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Directivity Optimization
Off-axis frequency responses (vertical)
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Directivity Optimization
Off-axis frequency responses (vertical)
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Directivity Optimization
Off-axis response consistency
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Directivity Optimization
Beamwidth of individual components (vertical)
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Directivity Optimization
Beamwidth of individual components (vertical)
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Directivity Optimization
Directivity map (vertical) — New XO
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Directivity Optimization
Directivity map (vertical) — Original (stock) XO
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: I~
Passive Crossover Implementation
Tools — LspCAD (lJData www.ijdata.com)
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) I~
Passive Crossover Implementation

Tools — LspCAD
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: I~
Passive Crossover Implementation

Tools — LspCAD
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: I~
Passive Crossover Implementation
Tools — LspCAD
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: I~
Passive Crossover Implementation

Tools — LspCAD
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|| M i

Passive Crossover Implementation
Tools — LspCAD
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: I~
Passive Crossover Implementation
Tools — LspCAD

The passive filters 0 N =) s
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EXCELSIOR AUDIO

[

Verify System Directivity with Passive Filters

T View GLL: AES147 Example System [AES147_Example_Systemgl » =
File View Calculete Graphs Help
EXCELSIOR AUDIO
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Loudspeaker Configuration
Bandwidth: [ 1/24h Ocl
. . o O
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Verify System Directivity with Passive Filters
Beamwidth with target filters & passive filters (vertical)
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Verify System Directivity with Passive Filters
Directivity map with passive filters (vertical)
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Response Correction with Front—u nd EQ

Don’t use only the on-axis response for EQ decisions

On-axis frequency response
* small number of listeners

Off-axis frequency response
e typically, much greater number of listeners

EQ based on an average response can yield better results
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Response Correction with Front—u nd EQ

Basis for the average response

* Define the intended coverage pattern (included angle) of the
loudspeaker system.

e Use the off-axis frequency response measurements within the
coverage pattern to calculate an average response.

e C(Calculate using a power average, not a vector (complex)
average.
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Response Correction with Front—Ena EQ

Tools — FIR Designer / Averager (eclipseaudio.com)

(_ FIR Designer 2.11.1 - AES147 Example, Average Response EQ

Project DTP Player Help Window
Design sample rate Filter delay (samples) 192 (4.0000ms) | Filter length (samples) 384 (8.0000ms) | Window function Show Cherence FIRd)
[ Direct Design D . D Alpha 5.00 DC Compensation | [] Show 2nd view
Import | Target | Ganjpolarity/elay | IR Fiters | FIR :Magnitude Adiust | FIR :Phase Adust | FIR:AutoMag | FR:AutoPhase | FIR:voing | Export | Measurement Averaging
LoadandSetup | Average | Save |
( Select Directory ) Use Ref Gain(dB) Delay(ms) Invert Weight Filename ]
Gain 6.00 178750 [ 100  IR000000.etm
©) Normaiise magnitudes to max Average: -dB [ 600 178750 [0 1.00  IR00000S.etm £
© Apply common offset (dB) 6.0 Ref max: 3.6 d8 [ 600 178750 [] 100 IR000010.etm
© Use individual offsets (dg) Average: - dB O 600  -78750 [J 100 IRO0001S etm W
() Normalise to frequency range Average: -dB B 600 7850 © 100 [RO00020.etm
Start (Hz) [ 200.0] End (Hz) [ 2000.0 B 600 | asm0 0 100 IR000025.etm
Delay [ 600 78750 [ 100 IR000030.etm
TmeAlgnaloReference | [ ClearlndvidudDelays | 0 600 178750 [J 100 IROD0035 etm
Apply common delay (ms)  -17.8750 Refpeak delay: 17.8750 ms ] 6.00 78750 O 100  IR000040.etm
[ 600 178750 [ 100 IR000045.etm
&m0 a7s7sn [ 100 TRAGAONS et Z
Averaging Session File 2 -
wad  J[ sae ][ sawas H13s
‘ 10+ 0
4% 3
5
g 2
s o 1° 2
&
s =
-0 =0
135
I
2 f . . L . . . . . 1l S
15 2 EY 100 200 500 1 * sk 10k 20)
Frequency (Hz) 15.4Hz, -0.2B, -1.7 deg
¥axis:min[20d8 | max[200B ) Show: @ Mag/Phase ) IR Samples
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Response Correction with Front—%ﬁa EQ

Tools — FIR Designer / Averager

le, Average Respo
Project DTP Player Help Window

Design sample rate (38kHz_ =) | Fiter delay (samples) 192 (4.0000ms) | Fiterlength (samples) 384 (5.0000ms) | Window function [Cosine Tepered Show Coherence

FIRd
[7] Direct Design D D Alpha 5.00 DC Compensation | [ Show 2nd view
Import | Target | GainfPolarity/Delay | IR Filters | FIR :Magritude Adjust | FIR : Phase Adjust | FIR:AutoMag | FIR :AutoFhase | FIR:Voidng | Export | Measurement Averaging
Loadandsetup | Average | Save
[ Reference © 180
[R1s0035.etm =g
135
Delay (eamples) 85800 (17.6750ms) [ = |
e
Move IR peak to 0 [ tnvert -
— 1% 3
(Time Align all to Reference 2 -3
2 L Jo &
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N v u 10
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Averagng weight 100 [ 1nvert 0 { T I I I I L I ik P
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1
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show: © Mag/Phase © IR Samples

Average

10 180
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135
*) Power (minimum phase)
() Power (min. phase + Ref. excess phase) 1*

) Power (nith complex avg. excess phase)

Copy Averaged IR to: Import tab Target tab

14 32
g m o g
View Use Ref (dB)* Filename 4z 0 s L L
1 H | e 43 IRO00000.etm e \/\/ E
2 @ - 45 IR00000S.etm [ 1*
3 @ * 48  IR000010.etm H a0
a [ - 52 IROO00LS.etm
5 [ . 58  IR000020.etm 78
s @ . 63 IR000025.etm " i i i i i i i i i i
7 B o 69 IR000030.etm 15 20 50 100 200 500 & %* sk 10k 20k
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Yasie < min (088 ) mex| 1087 Shon: @ Maglhese © I Sanples

© 2019 ExceELsIOrR Aupio DESIGN . . 147t AES Convention — New York, NY
www.excelsior-audio.com 53
& SERVICES, LLC 16 October 2019



Product Development PD02 — Passive Loudspeaker Directivity Optimization ‘M EXCELSIOR AUDIO

Response Correction with Front-kﬁa EQ

Averaged response compared to on-axis
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Response Correction with Front—%ﬁa EQ

Tools — FIR Designer

Project DTP Player Help Window

Filter delay (sampies) 192 (4.0000ms) | Filter length (samples) 384 (3.0000ms) | Window function [Cosine Tapered = | | [¥] Show Coherence

Design sample rate S8z

FIRd
[ Direct Design D . D Alpha 5.00 DC Compensation | [ Show 2nd view
| mport | Target | GainfPolarity/Delay | TR Filters | FIR :Magritude Adjust | FIR : Phase Adjust | FIR:AutoMag | FIR :AutoFhase | FIR:Voidng | Export | Measurement Averaging
IR Filters Used Inline Enable 1 180
Fiter reference mode: General
135
Filter mode: [General inc, Lake) ~
on  Twe Fen Q @ ord & /\ /‘\./\ s
HPF Butter  65.0 2 0
N H =
Parametric 800 300 6.00 4 = g
Porametric 1250 300 -2.50 Tz v 7
Parametric 2600 250 300 4 = H
H4 &
Parametric 4050 400 350 -
Parametric 5600 400 -250 1%
Porametric 9200 800 -250 Loss
Parametric 11500 800 -2.50 -

o L . . I I I I T
Row: E E] Reset R 50 100 200 * % sk k k

500 10t 204
Add TIR filters here that are not in the measurement but Frequency (Hz) 6384.0 Hz, 7.3 dB, 148.1deg

will be used (in analog or DSF) inline with the FIR fiter ¥ ais : min max

TIR Filtered Response 0 150
iaht Blue : Magritude before TIR fiters

lue : Magnitude after IR, fiters 135
[7] Light Red : Phase before IIR filters
[T Red : Phase after IR filters

o
[ Olive : Target magnitude s 2
g 2
© ° g
Series Capacitor Calculator g H
Impedance {ohms) 80 ok =
) Capaditor (uF) 10.0 0
@ 1storder HPF freq (Hz) 1989.4
-135
Save IIR Coeflicients P 50 ) 0 E * = EY e e
Format [Text fie (Amotated TF) =) Frequency (H2)
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Final Results
Equalized off-axis frequency responses (vertical)
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Final Results
Equalized off-axis frequency responses (vertical)
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M, e

Final Results — Larger Pro-Audio Loddspeaker
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. . W
Final Results — Larger Pro-Audio Loudspeaker
On-axis frequency response
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Final Results — Larger Pro-Audio Lo&dspeaker

Off-axis frequency responses (vertical), LR24 XO
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Final Results — Larger Pro-Audio Loudspeaker
Equalized off-axis frequency responses (vertical), Optimized XO
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Final Results — Larger Pro-Audio Lo&dspeaker

Beamwidth (horizontal & vertical), LR24 XO
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Final Results — Larger Pro-Audio Loudspeaker
Beamwidth of individual components (horizontal), LR24 XO
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Final Results — Larger Pro-Audio Loudspeaker
Beamwidth of individual components (vertical), LR24 XO
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Final Results — Larger Pro-Audio Loddspeaker

Beamwidth of individual components (vertical)
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Final Results — Larger Pro-Audio Loudspeaker
Directivity map (vertical) — LR24 XO
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Final Results — Larger Pro-Audio Loudspeaker
Directivity map (vertical) — Optimized XO
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Final Results — Medium-Format Line Array
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Final Results — Medium-Format Line Array
On-axis frequency response
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Final Results — Medium-Format Line Array
Off-axis frequency responses (horizontal), Original XO
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Final Results — Medium-Format Line Array
Equalized off-axis frequency responses (horizontal), Optimized XO

100

95

J )

\

N \/

o \
s /

70

Sound pressure, Level [dB]

T

65 /

60

20 50 100 200 500 1k 2k 5k 10k 20k

Frequency [Hz]

0°, 10°, 20°, 30° 40°

© 2019 ExceELsIOrR Aupio DESIGN 147t AES Convention — New York, NY

www.excelsior-audio.com
& SERVICES, LLC 16 October 2019 71



Product Development PD02 — Passive Loudspeaker Directivity Optimization ‘IM

EXCELSIOR AUDIO

Final Results — Medium-Format Lip\e Array

Beamwidth (horizontal & vertical), Original XO
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Final Results — Medium-Format Line Array
Beamwidth of individual components (horizontal), Original XO
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Final Results — Medium-Format Line Array
Beamwidth of individual components (horizontal), Optimized XO
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Final Results — Medium-Format Line Array
Directivity map (horizontal) — Original XO
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Final Results — Medium-Format Lme Array
Directivity map (vertical) — Optimized XO
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Further Information

Simulating the Directivity Behavior of Loudspeakers
with Crossover Filters; Feistel, Ahnert, Hughes, and Olson
1231 AES Convention, October 2007

http://www.aes.orqg/e-lib/browse.cfm?elib=14312
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Directivity Optimization Through
the Crossover Region
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