The How-To Guige!

Making Speaker
Measurements used In
Electro-Acoustic and
Acoustic Simulation
Programs
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Topics of Discussion,

Ty

Testing Environments

pes of Testing Systems

Testing Stimuli

How Much Information is Enough?

W
W

no Needs It?
nat is State of the Art Testing?

W

nat iIs State of the Art Reporting?
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Testing Environments
»

Near Field
Simulated Free Field

Anechoic Chamber
Free Field



Testing Environmentss«

Near Field




Testing Environments

_ .
Near Field

+ Advantages
Some Environmental Control

Eliminates Windowing to get Better
Low Frequency Response.

o Disadvantages
Limited Application to Single Drivers

Cannot be Extrapolated to a Far Field
Balloon Because of Distance Between
Drivers

More Diffractive Effects on Frequency
and Phase Response.
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Testing Environments«

Simulated Free Field ‘




Testing Environments

Simulated Free Field .

o Advantages
Some Environmental Control

Able to Use Windowing to Eliminate
Some Reflections.

o Disadvantages

Need a VERY Large Room (at least 2
times the wavelength of the lowest
frequency to be measured to any
reflective surface from the DUT)

Limited Frequency Response
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Testing Environments, ‘

Anechoic Chamber




Testing Environments.

e
Anechoic Chamber

o Advantages
Complete Environmental Control
Reflection Free Environment?
Improved Frequency Responses

o Disadvantages
Limited Distances to Wedges
Speaker Size Limitations
Reflection Free Environment?
COST!
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FREE FIELD

Testing Environments«
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Testing Environments
»

Free Field
o Advantages
No Surrounding Boundaries

Unlimited Low End Frequency
Response (within reason).

Closest to Reality
o Disadvantages

Least Amount of Environmental
Control

Ground Reflections
Speaker Handling and Mounting
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Types of Testing Systems«

Single Microphone System »
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Microphone Array System

Types of Testing Systems+
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Types of Testing Systems»

Microphone Array System .
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Types of Testing Systems

Computer Based Measurement Systert

e
= A < e
Y _ad R R
_ E—— BRSSP Y



Stimuli i
EASERA

Choose Stimulus Parameters

— Stimulus Stimulus Parameters
|l Pink Noise

Log-Sweep _ -
MLS Sampling R ate | (48.000kHz) |
Pink Noise _

white Noise Stimulus Length | B83ms v |

_ Frequency Weighting
Weighted Sweep

Pink MLS
el ™~
Pink Weighted

Weighted Noise

] Recently Loaded or Created

Digital Output Gain : -18.0dB Change l




Stimuli
EASERA .

Multiple Types of Stimuli
* Sweeps
High Immunity to Temperature Changes
* Noise
Slightly Better LF Response
* MLS
Less Immunity to Temperature Changes
Better Crest Factor
* TDS
Already Windowed
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How Much Information
IS Enough

Who Needs It?
How Is It To Be Used?
Near Field or Far Field

Grouped or Not Grouped
Marketing
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Who Needs It? , °

Consultants/ Design Build Contractors
Design Engineer
End User



Consultants/ Design *
Build Contracto

To Comply With User Specifications

Data For Room Design Software
Packages

To Compare “Equivalent” Speakers
Detailed Speaker Specifications
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Design Engineers

Calculate Crossover Points
Determine Correct Delays
Determine Coverage Patterns
Determine Equalization Criteria
Make Technical Information Sheets
GLL Data



End Users &

Determine Amplifier Size
Determine Correct Delays
Determine Coverage Patterns
Determine Equalization Criteria
Allow Comparisons Between
Other Speakers
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What Is State of the *
Art Testing? *

The Use Of Complex Data
o Magnitude +/- .125 dB
o Phase +/- 5 Deg @ 10KHz

Individual Directivity Balloons for
Each Bandwidth

3dB Linear Response Max Voltage

High Speed to Minimize
Environmental Effects
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What Is State of the *
esting? (Before)

Overlay of File Channels in Time
Impulse Response (Full IR)

M mic01_cat499_on axis.¢
M mic02_cat499_on axis.¢
M mic03_cat499_on axis.¢
M mic04_cat499_on axis.¢
M mic05_cat499_on axis.¢
M mic06_cat499_on axis.¢
m mic07_cat499_on axis.¢
M mic08_cat499_on axis.¢
M mic09_cat499_on axis -

" mic10_cat499_on axis |

M micl13_cat499_on axis -
mic14_cat499_on axis -|
M mic15_cat499_on axis -

mic16_cat499_on axis -|

M micl7_cat499_on axis -
W mic18_cat499_on axis |

M mic19_cat499_on axis -




What Is State of the *
Art Testing? (After)

Overlay of File Channels in Time
Impulse Response (Full IR)

M On-axis_CAT 499 _M
M On-axis_CAT 499 M
M On-axis_CAT 499 M
W On-axis_CAT 499 M
M On-axis_CAT 499 M
M On-axis_CAT 499 M
M On-axis_ CAT 499 M
M On-axis_CAT 499 M
B On-axis_CAT 499 M
W On-axis_ CAT 499 M

On-axis_CAT 499 M
On-axis_ CAT 499 M
B On-axis_CAT 499 M

On-axis_ CAT 499 M
M On-axis_CAT 499 M
On-axis_ CAT 499 M
M On-axis_CAT 499 M
W On-axis_CAT 499 M
M On-axis_ CAT 499 M




What is State of the .«
Art Testing? (Phase)

Overlay of File Channels in Frequency
Phase (Full IR)

m01-10 of 72 Phase s
mO01-10 of 72 Phase s
m01-10 of 72 Phase s
m01-10 of 72 Phase s
m01-10 of 72 Phase s

mO01-10 of 72 Phase s

m01-10 of 72 Phase s

WO01-10 of 72 Phase s

WO01-10 of 72 Phase s
W 01-10 of 72 Phase s
11-20 of 72 Phase s

11-20 of 72 Phase s
m11-20 of 72 Phase s
11-20 of 72 Phase s
m11-20 of 72 Phase s
11-20 of 72 Phase s
W 11-20 of 72 Phase s
W 11-20 of 72 Phase s
m11-20 of 72 Phase s
11-20 of 72 Phase s

W 21-30 of 72 Phase s

M 21-30 of 72 Phase si|
kHz




What is State of the .,
Art Testing? (POR)

Mic 01 Overlay - 001-072._efr
Smoothed 1748 (Full IR)

B Smoothed 1748
Em Smoothed 1748
B Smoothed 1748
B Smoothed 1748
= Smoothed 1748
B Smoothed 1748

B Smoothed 1748
= Smoothed 1748
EE Smoothed 1748
El Smoothed 1748
% Smoothed 1748

Smoothed 1748
Smoothed 1748
B Smoothed 1748
Smoothed 1748

B Smoothed 1748
Smoothed 1748

Bl Smoothed 1748
Smoothed 1748

i Smoothed 1748
Smoothed 1748
El Smoothed 1748

0.05 0.07 01 0.2 0.3 0. 0.6 0.8 3 4 5 67 20 30 40 kHz




What Is State of the *
Art Reporting?*

The Use Of Complex Data IR’s to
Store Speaker Data

Directivity Balloons

Individual Directivity Balloons for
Each Bandwidth

EASE GLL
CLF1and CLF 2

All Data Reported in 1/3 Octave but
Stored In High Resolution

Ket



Complex Data.
What is 1t?

It Is stored as an Impulse Response

IR000000.etm
mPa Impulse Response (Full IR)

400

300

200

100

0

100

-200

-300

c) EASERA



Complex Data.

What is 1t?

It Is Stored as an Impulse Response
It is High Resolution

It has Magnitude Information

It has Phase Information

Ket



Complex Data.
What is 1t?

It is High Resolution
It has Magnitude Information
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It iIs High Resolution
It has Phase Information




Directivity Balloon.
What iIs 1t? ’

»
It 1s a Series of IR’s measured at set angular

spacing’s or resolution
The standard as specified by AES-56 is 5°

Data Shown:  CFX-81 Resolution: High Res. Mer 5° Par 5°  Symmetry: None
Display Parameters: Frequency: 4000Hz (1/24th Octave)




Directivity Balloon.
What Is 1t?

It 1s a Series of IR’s measured at set angular

spacing’s or resolution
The standard as specified by AES-56 Is 5°

Overlay of File Channels in Frequency

Magnitude (Full IR)

i ! ¥ ;"."' J}‘r “\]

11

m CFX-81 OVERALL_3.6v, 4.01m,

B CFX-81 OVERALL_3.6v, 4.01m,

B CFX-81 OVERALL_3.6v, 4.01m, '
Yl | = CFX-81 OVERALL_3.6v, 4.01m, |

b M CFX-81 OVERALL_3.6v, 4.01m, '

i ']I [f| = CFX-81 OVERALL_3.6v, 4.01m,

iy !'\I! = CFX-81 OVERALL_3.6v, 4.01m,
‘ ‘ ’ I CFX-81 OVERALL_3.6v, 4.01m,
M CFX-81 OVERALL_3.6v, 4.01m,

| s cFx-81 OVERALL_3.6v, 4.01m,
CFX-81 OVERALL_3.6v, 4.01m,
CFX-81 OVERALL_3.6v, 4.01m,

‘ ‘ = CFX-81 OVERALL_3.6v. 4.01m,
CFX-81 OVERALL_3.6v, 4.01m,

 CFX-81 OVERALL_3.6v. 4.01m,
CFX-81 OVERALL_3.6v. 4.01m,

| || = CFX-81 OVERALL_3.6v, 4.01m,”

B CFX-81 OVERALL_3.6v. 4.01m,

i | [- CFX-81 OVERALL_3.6v, 4.01m,




Directivity Balloon.
What is 1t?

It 1s a Series of IR’s measured at set angular
spacing’s or resolution

The standard as specified by AES-56 Is 5°

Overlay of File Channels in Frequency
Smoothed 1/3 (Full IR)

B CFX-81 OVERALL_3.6v, 4.01m, '
B CFX-81 OVERALL_3.6v, 4.01m,
B CFX-81 OVERALL_3.6v, 4.01m,

| m CFX-81 OVERALL_3.6v, 4.01m,

M CFX-81 OVERALL_3.6v, 4.01m,

A\ = CFX-81 OVERALL_3.6v, 4.01m,
= CFX-81 OVERALL_3.6v, 4.01m,
| mm CFX-81 OVERALL_3.6v, 4.01m,

I CFX-81 OVERALL_3.6v, 4.01m,

9 CFX-81 OVERALL_3.6v, 4.01m, |

CFX-81 OVERALL_3.6v, 4.01m, |
CFX-81 OVERALL_3.6v, 4.01m,
i CFX-81 OVERALL_3.6v, 4.01m,
CFX-81 OVERALL_3.6v, 4.01m,
B CFX-81 OVERALL_3.6v, 4.01m,
CFX-81 OVERALL_3.6v, 4.01m,

| CFX-81 OVERALL_3.6v, 4.01m,

i CFX-81 OVERALL_3.6v, 4.01m,
B CFX-81 OVERALL_3.6v, 4.01m,




Directivity Balloon.
Why is it Important? *

It is used in all system design progranﬁ

Data Shown: CFx-81 Resolution: High Res. Mer 5° Par 5  Symmetry: None
Display Parameters: Frequency: 4000Hz [1/24th Octave)
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Directivity Balloon.
Why is it Important? *

It is used In all system design programs

Project: UPGACTR
Freq: 1000 Hz
Ver-25.9°
Hor:-54.7*

Direct SPL [dH
Max: 131.84
132
131
130
129
128
127
126
125
124
123
122
121
120
119
118
117
116
115
114
113

112
Min: £9.18

(c) EASE 3.0 / 3/23/00 2:14:59 PM / Northwest Audio & Acoustics RonSauro




CLF1 and CLF2
Data

It is used in the CATT Acoustic, Odeon and Ulysses
system design programs

LF viewer - CFX-81.CF2
File Edit Options Help
Model
Name: | CFX81 Weight [11.40 kg
Descr: | Compact 8" + 1" HF, 2Way Complex Conic Loudspea
Colors:  black or while
Radiation:| fulsphere Mounting: [Floor stack, flyable and Wall mount

passive

Manutacturer

Type:

e

Name: | Renkus Heinz

Measurement

Ron Sauro, NWAA La audio_ron@msn.com
Date: [W Info: | Mach Testing (multi angle mic aray)
Distance: [ 4010 m  Env.[Anechoic Chamber

Inp. vohage: [3:590 3530 [3530 [3530 [3.530 [3590 [3590 [3550 [3580 vims) »

100 125 160 200 250 315 400 500 630
Electro-acoustical data

(Sensoy) (573 [928 [§79 [402 [67 [89Z [918 [17 4 & ©»
fewedance) [225 [775 [ 77 [74 [78 [84 [32 [163 [720 om0,
) [ [30 [0 [36 [25 [ [0 [30 [ © O»
e [%0 [0 [0 [ [%0 [ [ [T6 [& + 0,
Wz [T e @ [E W 0
(Bspea]) 974 [526 [379 [802 [467 893 [§78 [7 [%5 @ O,

Impedance (derived) .
_axlroulnowel, 1000 w O
Nom[ 83 Min[74 Avg[T39 Ohm — O

(¢<=5kHz)
200 &

Contact: E-mai

Cabinet 3D representation

© Edges
[CLF2 version: [T [final

ok

(3 30 balloon () Cabinet 3D representation

®

~ Re on-axis

1/3-octave: | 1k

Front

Re on-axis Back

® Polars O Electio-acoustical data ) Balloon-spectra

File created by: NWAA Labs, CA, USA, www.nwaalabs.com (3rd Party)

I:\Renkus Final\CFX-81\CLF\CFX-81.CF2

tad CLF viewer - CFX-81.CF2
File Edit Options Help
Model
Name: |CFX81 Weight [11.40 kg
Descr: | Compact 8" + 1" HF, 2:way Complex Conic Loudspea
Colors: | black or while
Hadiation:mm—ere Mounting: | Floor stack, flyable and Wall mount

passive

Manufacturer

Type:

Name: | Renkus Heinz Webrsite:

Measurement

Contact: |Ron Sauro, NWA4 La
Date: 2008-MAY-17  Info:
Distance: [ 4010 m Env.: Anechoic Chamber

Inp. vohage: [35%0 [3530 [3530 [3:5%0 [3530 [35%0 [3530 [3530 [35%0 vims() »
100 125 160 200 250 35 400 50 630

Electro-acoustical data

(Sensiviy ] [37:3'[328'[7:3 [$02 [687 [682 [578 [S11 [224 B ©>
(impedence] [226 175 [7.7” [7:4” [78° [ [92 [103 [120 omO),
(B8 o] [360 360 [360 [303 [26 [1%8 [1&7 [200 [177 *© O
(6B w.vec) [360° [360° [380° [312 [0 [797 [722 [115 [®2 + O,
(AxSpect.] [914 [%28 [919 [902 [897 [893 [319 [917 [25 &8 O,

Impedance (derived) N
__Maxunnul power.|| 1000 W O
Nom| 93 Min:| 74 Avg|139 Ohm >

(¢=5kHz)

E-mai: | audio_ron@msn.com

Mach Testing (multi angle mic array)

Cabinet 3D representation
© Edges

[CLF2 version: [ 1 [final

(O 3D balloon (%) Cabinet 3D representation

1/3-octave:

Hz

105
100
%

8
a0
75
70
65
60

90"

125 250 500

1k

%

4k

Sensitivity

8 Hz

O Polars () Electro-acoustical data O Balloon-spectra

File created by: NWAA Labs, CA, USA, www.nwaalabs.com (3rd Party)

I:\Renkus Final\CFX-81\CLF\CFX-81.CF2

«

e

» 3
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GLL Data "

It is used In the EASE 4X system design program

Allows “Construction” of a Speaker System 1n
Virtual Space.

Allows The Speaker Designer to See What Happens
When EQ, Delays or Any Type of Signal Processing
Is Applied to the Speaker in the Relative Near Field

as Well as the Far Field

Allows the “Arraying” of Speakers and High
Accuracy Prediction of the Array Lobing

Allows Speaker Data to be used in Both the Near
Field and the Far Field for Cluster Predictions



GLL Data .

Comparisons of Point Source Measurerents and
GLL Predictions

Data Shown:  CFX-81 Overall (Renkus Heinz] Resolution: High Res. Mer 5° Par5°  Symmetry: None
Display Parameters: Frequency: 1000Hz (1/24th Octave] Mer. 0° Par: 0°

Data Shown: CFX-81 [Renkus-Heinz)
Display Parameters: Frequency: 1000Hz (1/24th Octave] Mer. 0° Par 0°

SeriNryty ¢ 83 i A Sensitivity (2.83 Vims, Tm]
= Soriiy ’
| == Broadban

= Broadband (33.9 dBSPL)

—_
ary
o
]
@
2
[}
=
[}
=)

Level [dBSPL]

125 250 500 1k 2k 4k 8k
Frequency [Hz]

35 63 125 250 500 1k 2k 4k 8k
Frequency [Hz)]

Point Source GLL Simulation: :




GLL Data .

Comparisons of Point Source Measurements¥nd GLL
Predictions

Data Shown:  CFX-81 [Renkus-Heinz)
Display Parameters:  Frequency: 1000Hz (1/24th Octave] Mer: 0° Par 0°

Data Shown:  CFX-81 Overall (Renkus Heinz) Resolution: High Res. Mer 5° Par 5*
Display Parameters: Frequency: 1000Hz (1/24th Octave] Mer. 0° Par 0°

Symmetry: None

Magnitude and Phase of Transfer Function (2.83 Vims) Magnitude and Phase of Transfer Function (2.83 Vims)

- 175.0

108
104—-
100—-
%
92—-
88:
7%

Level [dBSPL]

- Level

= Phase [Delay: 261.915 ps)

L1500
1250
1000
750
500
04
250-
500
750
1000
1250
1500

1750

| B L B BN PAE EMGN fRn LN FAED BRA AN I F 2

] R

N5

63

125

%0 S0 1k %k
Frequency [Hz]

Point Source

4k

104
1004

96

92+

86+

84+

80+

76

72

Level [dBSPL]

68

64+

- Level

= Phase (Delay: 3.16947 ms)

:

80|||ljl|||
315 63 125

250

50 1k
Frequency [Hz]




GLL Data o

Comparisons of Point Source Measurements®nd GLL
Predictions

Data Shown:  CFX-81 Overall (Renkus Heinz) Resolution: High Res. Mer 5° Par 5 Symmetry: I\ﬁ_oneI
Display Parameters:  Frequency: 1000Hz (1/24th Octave) [ d%v]e

0

Data Shown:  CFX-81 [Renkus-Heinz)
Display Parameters:  Frequency: 1000Hz (1/24th Octave)

S hzeaty 1ea HeBDh o0 Heil His 2 Kig it 2 B kz 1R s 31.5 HE3 H21 25 H250 HB00 H2l kH22 kHz4 kH28 kHAB kHz
¥ | | | | |

30 (Top) -
60 -
-
0 Front) -

0 (Top) %0 (Top)
60
30
0 Front)
30 -
£0 -

-30

60

-90 (Botta

0 [Bottom) 31,5 HB3 Ha 25 H250 H500 Hal kHz2 kHz4 kHz8 kH46 kHz

| | | |
31.5Hz63 Hz 125 H2250 H2500 Hz 1kHz 2kHz 4 kHz 8kHz 16 kHz

Point Source GLL Simulation




What Do You Gain with
Independent Testing

Extremely Accurate Testing
Consistent Testing Methods
Comparable Parameters
Full Records and Data

Most Consultants and End Users Perceive it to be
More Believable

A Better Understanding of the Interactions of any
Modifications Done to a Speaker



Thank You For
Your Time!

Ron Sauro

NWAA Labs. Inc



