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Lecture Summary — Prediction
Chapter 7

e four principal responses
o free-field transmission characteristics of speaker
o effects of transmission medium (air)
o summation effects of multiple speakers
o0 summation effects of room and speakers

e relating the principal views

Drawings: Relating the principal views

A proscenium theater is shown in three-dimensional and two-dimensional renderings

Orthogonal (3-D) View

Longitudinal Section View

0

Length Length
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Plan View

® Viewer perspective - Direction of view

e 2-Ddrawings in a 3-D world...(falls apart quickly)
o Hand V “directivity slices” do not completely characterize spherical radiation
0 mismatch between speaker propagation plane vs. prediction plane
0 speaker-prediction divergence
= distance (speaker location to listening position)
= angle (elevation, train, location)
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e loudspeaker aiming: elevation, train, and rotation angle plus (X,Y,Z) mounting location
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e SPL distributions for square room w/ Q° rake angle, elevation angle = -45° -25° -65°
(train = 0° and rotation = 0°
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e SPL distributions for elevation angle = -45° and train = -30°, +30° (skew = 0°)
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e SPL distributions for elevation angle = -45° and skew = -20°, +20° (train = 0°)
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e question: how “easy” would it be obtain simple “prediction plane” results like these using the
methods outlined in the text (i.e., restricted to section and plan 2D views only)?

\ Drawings: 2-D in a 3-D World
Triangulation technique for improved accuracy in 2-D predictions

Orthogonal (3-D) View Longitudinal Section View
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Speaker and prediction planes are equal Speaker path langer than prediction path to L2,
lengths to L1. No compensation is required. Prediction origin point moves back

|® Listening Position L1 ® Listening Position L2 [] Speaker location [] Compensated prediction origin

[SOBAR MAF ONTO “EAR PLANE" (SPOTLIGHTS)

e need modeling/simulation software (e.g., EASE) to create SPL maps in the prediction plane of
interest (the so-called “ear plane” of audience seating area) — only meaningful/sane way to do
this in 3-D...but need to understand limitations of the tools

o angular (spatial) resolution of loudspeaker directivity data
o frequency resolution (number/width of frequency bands)
o amplitude response of loudspeaker elements
o frequency response of loudspeaker elements

e common loudspeaker format http://www.clfgroup.org/author.htm
o CLF1
o CLF2
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e generic loudspeaker library (GLL)
e “ideal” resolution needed...(but what is “good enough” for most cases?)

o frequency resolution: 1/24 octave
o0 angular resolution: 2°

Prediction Resolution: Frequency

Relating different frequency resolutions on the characterization of a single speaker (1st order)

An octave resolution rendering contains 1 octave resolution (8 kHz)
the same information as can be found in
the three 1/3 octave resolution bands

that comprise the octave. The amount of
difference between the higher and lower

resolution data depends upon the
variance between the data. As variance
between the high resolution renderings

rises, their resemblance to the low

resolution data falls.

In this example the on axis beamwidth is
constant over each 1/3rd octave band
and therefore the octave data is closely
related. Only the small details vary in
any of the 1/3rd octave renderings. The
conflicts in these details ar smoothed
over in the octave data.

|

1st order speaker, 3 dB/color, 8 kHz 14m x 8m

Prediction Resolution: Frequency

Relating different frequency resolutions on the characterization of a single speaker (3rd order)

1 octave resolution (8 kHz)

An octave resolution rendering contains
the same information as can be found in
the three 1/3 octave resolution bands
that comprise the octave. The amount of
difference between the higher and lower
resolution data depends upon the
variance between the data. As variance
between the high resolution renderings
rises, their resemblance to the low
resolution data falls.

I

In this example the on axis beamwidth
narrows over each 1/3rd octave band.
The octave data shows the average
beamwidth, which is closest to the
middle 1/3 octave. The sidelobe features
(see inset detail) are very different for
each 1/3 octave. The octave rendering
does not resemble any of the conflicting
1/3rd octave components.

l

1/3rd octave resolution (6.3 kHz) 1/3rd octave resolution (8 kHz) 1/3rd octave resolution (10 kHz)
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e potential for “spatial aliasing” as consequence of insufficient angular resolution
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Prediction Resolution: Angular

Effect of angular resolution on the characterization of coupled speaker arrays

10 deg angular resolution, array on axis @ 0 deg 10 deg angular resolution, array on axis @ 5 deg

10 deg angular resolution, array on axis @ 0 deg 10 deg angular resolution, array on axis @ 5 deg

Symmetric coupled pt. source (2 x 90 deg spkr @ 30 deg) Symmetnc coupled pt. source (2 x 90 deg spkr @ 30 deg)

® Equal level @ x degrees ® -6 dB @ x degrees 1/24th octave frequency resolution, 3 dB/color, 8 kHz, 25m x 10m
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e absorption and diffusion

Measurement and Prediction: Absorption & Diffusion

Comparing the ray tracing prediction model and measured data

Reflection: No Absorption Measurement Ray trace prediction
| HiRes | I Hi Res ” Lo Res ”No F-‘hasel

Deep full range combing. The low
resolution prediction data smooths

the HF combing. This causes the Y4 -'{[ﬂ Yi .I‘F.lld WA g [ T~
response to resemble the weak HF 1 it A

reflection shown above. No phase
version has poor correlation.

Unfittered reflection creates strong HF combing, visible only
in high resolution.

Reflection: HF Absorption Measurement Ray trace prediction
| Hi Res | I Hi Res ” Lo Res IIND Phasel

Predicted data can be well correlated
to measured data in the LF range,

but correlation decreases in the HF w..;.f".lﬁl'l'pp-—— .;.f"_l-“l"'fp-— \.f‘;.”i'[p-—— —

range as resolution decreases. The 'R
No phase version has poor

correlation.

Filtered reflection reduces HF combing, reducing the
difference between high and low resolution.

Reflection: Diffuse surface Measurement Ray trace prediction
| HiRes | I Hi Res ” Lo Res ”No Phasel

Predicted data can be well correlated
to measured data in the LF range, i
but correlation decreases in the HF Y )i—] Yii—q B/Yi— ——
range as resolution decreases. The I : il i

No phase version has poor
correlation.

Diffuse reflection reduces combing, reducing the difference
between high and low resolution.

Absorption Level Loss
Reference
Loss (dB) = 10 x log (1-a)
Absorption
Value (dB) Coefficient (o)
-0.10 0.02
-0.25 0.06
-0.5 0.10
-1.0 0.20
-1.5 0.30
-2.0 0.37
-3.0 0.50
4.0 0.60
-5.0 0.69
-6.0 0.75
-7.0 0.80
-8.0 0.84
-9.0 0.88
-10.0 0.90
Total 1.00




