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Calibration of Microphone Sensitivity using

Fundamental Matrix and Spherical Wave Constraint

HirOoYUKI KAWASHIMA, T FUMIHIKO SAKAUET!
and HIDEKATA HONTANIT!

In this article, we propose a method that calibrates sensitivity of microphone
array based on a geometric constraint between the microphone array and a cam-
era. When we integrate a source localization system with a camera, we have to
compute a map between their coordinates. For this computation, we can uti-
lize classical stereo-view geometry because a source localization is identical with
projective transformation. Though, when the sensitivity of each microphone is
un-calibrated, the localization becomes inaccurate and the computation of the
map becomes more difficult. Here, the proposed method auto-calibrates the
sensitivity by using the stereo-view geometry and by considering a spherical
wave constraint. We evaluated the performance of the proposed method by
simulation experiments.
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Fig.1 Location of microphones. Red spots show the locations.
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Fig.3 Results of source localization.
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Fig.5 Simulation results of source localization.

y-axis show the distance and the estimation
error, respectively. Red shows S/N ratio
46dB. Green shows S/N ratio 40dB. Blue
shows S/N ratio 33dB.

Green results were obtained when the value
of 3 is known. Red and blue show when 3
is un-calibrated.

0500000000008,=1000000000000000000000 300
00000000000000000000000000000000000000000
000000000000 B,=09000000000 8 =100000000000
0000000B, =11000000 3, =100000000000000000000
0000D00000000000000000000000000

00000000000000 3,=10000000000 40000000000
000008, =10000000000000000000000060000000 B
0000D0000000000000000000000000000000000000
00000000F000D000000DN00N0ONDNNONONONON0ONN0N0ONN0NOn
oooo

5.2 000000 (00)

000000000000 0000000000000000000000000000
0000000000000000000000000000000000000000

Vol.2010-CVIM-172 No.22
2010/5/27

error

R
06 0000000 BO0000000000O0OOO:
pOO0O0DOODODOOOOODD:00D000

Fig.6 Error of localization. x-axis shows the dif-

07 0DOOO0OOOOOOO

ference between the true value of 3 and the Fig.7 Microphone array.

estimated one. y-axis shows estimated er-
ror.

0 44.1kHzO0O O O0O0DO00D000000000000000 0.00670000000000
0700000000000000000000000000000000000 20cm O
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000 9000000000000000000

000000000 4 =10000000000000 000000000000
0000000000000000000 800000 8(.)00000000008;=1
000000000000000000000000000000 8(b)0000000%
0000O0000000000000000000000000000000 4000
B =[1.17,0.69,1.00,1.00,1.10,0.88)" 0O 00O O

00000 1000000000000000000000000000000000
00000 50em000000000000000000 1lemO0000000

09000000000000000000000000000000000 10emO0
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000 10em000000 20em000000 30em00000000000000 200
y000000000 emO00000900000000000000000000000
000000000000000000000000

5.3 00000O0BROOO

00000000000000000000RO0O0000O0O00N0000000000

(© 2010 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

+

++

0.5

-0.5

(a) 000

(a)Un-calibrated.

-08

08 O0O0O0OODODOO
Fig.8 Comparison of localization peformance.
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Fig.10 Location of camera, microphone array and sound sources. Red shows camera. Blue shows
microphone array. Green shows sound sources.
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Fig.11 Experimental results of localization. Re- Fig.12 Results obtained when the spherical wave

sults obtained when (3 was calibrated constraint and the fundamental matrix
based only on spherical wave constraint. are used for the calibration. Red shows
Red shows camera. Blue shows micro- camera. Blue shows microphone array.
phone array. Green shows sound sources. Green shows sound sources. Pink shows
Pink shows result of localization. result of localization.
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Fig. 13 Average of locate error(40dB). x-axis shows sound source number. y-axis shows locate

error. Green shows past method. Red shows proposed method.
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