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A Study on the Validity of the Prediction of Binaural Parameters by
5 Channel Microphone System
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ARGES 47 P 2xAd RAFY ulo]3E ol S A, FAFY ulol (figure of eight
microphone)lt E24 Al Ed#|0}E] (head and torso simulator)S B3t &4 W2 ysojof i WA 20|
gt E Qs I QAT ARE AAREE QAE 53 npo|ARE ALRE o]f3le] F7HE A RES 4
23d 4 YA AsnA ke Aol olF Y ABY (heural network) | BEH I55HS LU,
A7ZYe] EL AN E B dlolelyt Yastog JaolA e EPcke oot 7l digt AE AlEE|o)
A (CATT-Acoustic V.7.2}2} ZE &-83I31th, TRt 332 7MEE ol At I3 A&t 2 7Ma3h
A 53 oo|AREE Bl Dol FUSY AR AW £4 A, ARKEE A% Alolo] dig- 52 AR
(correlation)7} $4&o] WHFCE o] Zijo| M2 FAFA vlolaut B2 AEH o F 3% 332 ¢4
53 ol 2E AAHE ARl B ARE AE3Hs Ao} 7hedit
HH8ol: 73, 1ACC, LEF, 41747 24, 27] vhE, 33 Algdeld, 544 vlo]3g&
FIgok ASSE B0k (1)
Providing adequate amount of spatial impression (or spaciousness) has been known to be one of the most
important design considerations for the good acoustics of rooms for music, and the measuremeni. of roem
acoustics using parameters, such as LEF and [ACC, forms an essentia! part of such evaluation. However, it
is unavoidable to use different transducers (fiqure of eight microphones, head and terse) for the
measurement, of each parameter, and it tends to make the measurement procedure complicated. The present
work tried to provide a simpler way to measure these binaural room acoustic parameters including monaural
ones with a single measurement system using both spatial information collected through a 5-channel
microphone and a trained neural network, A'oomputer simulation pregram, CATT-Acoustic V7.2, which
allowed us to obtain exactly the same spatial information as a 5-channel microphone was used, since it
requires quite a large amount of data for practical training of a neural network. Since each reflection has
different energy. delay and direction, energy should be integrated properly, the concept of ray tracing
method was applied inversely in this work. Also applying weightings according to the delay times was
considered in this work. Finally, predicted results were compared with the measured data and their
correlations were analyzed and discussed.
Keywords: Neural networks, Reflections, Acoustical simulation program, Spatial information., 5-Channel
microphone
ASK subject classifieation: Architectural Acoustics (7.1)
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oG Aju] (LEF, lateral energy fraction), & 7+ 4%
A4 (IACC, interaural cross correlation coefficient)
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2.1.1. S0 OjLAX} Hf (LEF, lateral energy fraction)
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hrgs (t): impulse response measured by a figure
of eight microphone

hemni(t): impulse response measured by an omni
—directional microphone

@ . lateral angle

2.1.2. {ACC (Interaural Crosscorrelation Coefficient)
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for =1z {-1
oJ7]A, r : time difference between ears,
PL: sound pressure at left ear

Pg: sound pressure at right ear
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Fig. 1. Five channel microphone.
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Table 1. Spatial acoustic information cbtained by five point
microohones,

QrElE] Zhalgflel | Ay
X Y Z |72l d (m]| olAxje|&
-0.093 | 0.969 | -0.228 3.57 1.0000
-0.087 | 0.901 | -0.425 3.83 0.5034
0.884 |-0.469 4.05 1.4045
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Table 3. Statistics for spatial information taken by simulation.

E 2 8 ST AlRE 3AQ T A&dy
Tahle 2. Architectural Information of the 3D model.

VIm®) | Ldm) | Lm} | Lim) | Simd | v/s contents | mean standard | .| ranges
deviations ' ’
8215 | 22.7 | 23.1 11.8 { 3074 | 2.02
number of
i reflections | 3171.5] 887.18 | 989 |4711| 3722
S5 4z Ba, AFA7E 221 oAl Al 7] (80ms <)
EAFE 7243 9t O 4= ARG 2Eéhe w LEF 33.21 1 1217 | 7.1 [53.1] 46
AEES X-YE X-73, Y75, 293 34 3L IACC 0.465 | 0.15 | 0.2 |0.83| 0.63
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Fig. 2. A 3-D model used for the computer simulation.
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Fig. 3. Listening pasitions in the hall.
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Fig. 4. An example of 2-dimensional and 3-dimensional spatia
distribution of reflections.
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Fig, 6. The sphere was splitted into small windows both
horizontally and Verticafly in 30° steps.
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Fig. 7. The procedure of present work.
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present work.
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Fig. 10, Correlations between the calculated and the predicted
when A-weighting is appled {dB(A}).
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Fig. 11. Correlations between the calculated and the predicted
when A-weighting is ot appled (dB).
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Fig. 12. Correlations between the calcutated and the predicted
when the reflections were weighted according o their
delay times and frequency characteristics (dB(A)*W).
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Fig. 13. Correlations between the calculated and the predicted
when the reflections were weighted according to their
delay times (dB*W).
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Table 5. Correlation coefficients (°) between the measured and
the predicted using different weightings.

T LEF IACC
dB(A) 0.9132 0.8201
dB 0.9134 0.8259
dB(A)'W 0.9349 0.8844
dB*W 0.9351 0.8869
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