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Introduction
 Spatial impression in concert hall listeners is known to depend on lateral reflections causing differences 

between the sound at the left ear and the right ear
 Such differences can be measured, socalled inter-aural cross-correlation IACC in a binaural signal 

pair, i.e. a signal pair from microphones placed in the ear canal entrances. 
 IACC data from binaural impulse responses (BRIR) are commonly reported. 
 In contrast, little attention has been paid to running IACC, i.e. IACCt, during music performance. 
 Binaural Project since 2011: Collect binaural signal data from concerts with symphony orchestras.
 Analysis of IACCt from 600+ minutes of binaural recordings during concerts in big concert halls is 

presented. 
 Several famous halls, including Boston Symphony Hall, are included in the data.

 Among questions: Can we observe from the data that concert halls make a difference to IACCt? 
 If YES - Is this variation small or big compared to the variation from one moment to another, bar to 

bar, movement to movement, from one orchestra to another, and so on? 
 If NO - How can we maintain that listeners perceive hall-to-hall differences in ASW and LEV? 
 If NO - Why do not the reported hall-to-hall differences in IACC from impulse responses (ISO-3382) 

make an observable difference to running IACCt ?



IACC: Median-Lateral sound energy balance
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Measurement equipment?

I don’t think so



Measurement setup & equipment

Post-processing: 
• Audacity
• winMLS 2004
• Matlab
• Excel



Sampling IACC and L(dB) from binaural signal
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Example: 1 symphony 2 halls 
 Tchaikovsky 4th
 Stavanger Concert Hall
 Chicago Orchestra Hall
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Interestingly, the halls exhibit many similarities in vertical scatter patterns (B,C,D,E), and some dissimilarities like the pattern right after the first sudden level drop from ff (bar 104 in the score) (A): Both Stavanger and Chicago have large vertical scatter in this clarinet and bassoon solo part, but in Stavanger the cloud shifts downward, while in Chicago it shifts upward. In Stavanger, there is lower M-L balance in clarinet and bassoon, and in Chicago it is higher (more median and/or less lateral sound). Stavanger exhibit lower M-L balance in general, thus lower average and lower values for individual instruments (F,G,H), with one exception: (I) Right after last climax, before the grand finale, the cloud in Stavanger shifts upward and is more scattered than the one in Chicago. This part is dominated by a fanfare in trumpets and horns. Stavanger seems to be generally more sensitive to the directivity of trumpets than Chicago, thus the upward bended formations as trumpets and trombones sets in toward climaxes, e.g. before B, H and I. This may of course vary over the audience area.



IACCt means, content and halls
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Distribution, Chicago vs Stavanger
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IACCt spread varies with content
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10 big halls: 95% confidence means
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Comparison with BRIR
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Boston Symphony Hall – Brahms 1st

Stop chords – Can we separate IACC(early) and lACC(late) from transients?

-0,30

-0,20

-0,10

0,00

0,10

0,20

0,30

0,40

0,50

0,60

0,70

0

10

20

30

40

50

60

70

80

90

100

14
52

00
14

59
00

14
66

00
14

73
00

14
80

00
14

87
00

14
94

00
15

01
00

15
08

00
15

15
00

15
22

00
15

29
00

15
36

00
15

43
00

15
50

00
15

57
00

15
64

00
15

71
00

15
78

00
15

85
00

IA
CC

 (1
)

SP
L 

(d
B)

time(ms)

LM3 IACC3

-0,30

-0,20

-0,10

0,00

0,10

0,20

0,30

0,40

0,50

0,60

0,70

0

10

20

30

40

50

60

70

80

90

100

14
75

00

14
77

00

14
79

00

14
81

00

14
90

00

14
92

00

14
94

00

14
96

00

14
98

00

15
07

00

15
09

00

15
11

00

15
13

00

15
27

00

15
29

00

15
31

00

15
33

00

15
35

00

IA
CC

 (1
)

SP
L 

(d
B)

time(ms)

LM3 IACC3Extracting onsets



Detecting «Early» and «Late» parts
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10 big halls: 95% confidence means
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Thank you
More info?

The www center for search, research and open sources in acoustics

magne.skalevik@brekkestrand.no
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