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Audio—Visual Localization and Tracking of Sound Sources
Using Kalman Filter
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Abstract

With the high interest on robot technology and application, the research on artificial auditory systems for robot is
very active. In this paper we discuss sound source localization and tracing based on audio-visual information. For
video signals we use face detection based on skin color model. Also, binaural-based DOA is used as audio
information. We integrate both informations using Kalman filter. The experimental results show that audio-visual
person tracking is useful, specially in the case that some informations are not observed.
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Figure 1. Principle of sound localization
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Figure 2. ITD between two ears.
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Figure 3. Correlation function based on ear model

R, () =ErOn-7l= [ n@nt-na  ©

AZINE[ & 713 (N8 )& Jepdrh nlo]22E
A% poll o wpelazE AZn, e FoiF ADAREE
o= Ty — 7 OIEE, D=§,% 3 DE 4O)¢ A=
d WE 7 9L ¢ & Aok B wFIAE T A Alg)
A Qe FAs] AT oA Az v VRtg

ZE WA (filter bank) & ©| &8t AHAAS A TH

siustel Q1zke] Gzkel @A7AA ArE 1
HOhE F80) 4AE A5E o)y WEolth

o]
o] &3l tH7]. o FARDL AA 6HAR o]FF} U
Az HAAH2 dAE AR g, Loy Folg RYy ¢
A o7 wded oA(gammatone or gammachirp
filterbank), Inner Hair Cell 228 @7, A7 H& oA,
ZAE dAR FAFS Q. SR B =FoA AlgdH
ARdLe Axz] @A, felst Folg REYd oA
(MAF), 997} 29233 7| (gammatone or gammachirp
filterbank)2 74 =] M Th
Azt deo] 7ute AaHE AL 9He 27 39 By
g™l 1l uieb o] 7+ Wi=ws HEE AR Ao
st AFstd Aadpg 73 F Hosie] AEHY 4
smE F3hA "

3. Al Z1EE Tl FH

2R 228 22l A ATl Aol wey 7}
dte] GRueld d2e A, AHY 29 B
& 22 5 L Aoln B wRAE QB0 7|ukste]

Agssich 53 224 2y
o] WE ANoz AT

S HAse wHe Agadlen, d2EAe o=
(ambiguity)ell 719+ 2&4 g ZdE Adate] Qo3

o]
-
2 9 2= P FASTh o
(ab) HetolElE ol-gaTh Heig4
29 Ag Folo] (ap) RO WAL,



5. 8 & 8 8 8 5 32

SEPIEERICEE R PR
Figure 4. Histogram of skin color
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Figure 5. Skin Color filtering
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Figure 6. Face region detection based on x-projection
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Figure 7. Detected face regions
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Figure 9. Blockdiagram of neural network
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Table 1. Database for neural network training

AE0I0IA N | =8Eh|  ALEOIDIA N | Y
2= 010|A | 100004 | (1.0) | 8] E= OIOIAl | 200000 | (-1,0)
g2 YR2) | 5004 |(0.61) | I3 YRE) | 5000 | (0.6.-1)
22+12(2) | 500 | (0.2.1) | S+ @) | 500 | (0.2.-1)
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Figure 10. Errors depending on confidence
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Table 2. Results of sound localization
AAHA | B | 50ms | 100ms | 200ms | 400ms 1s
R CC | 46.264 | 45442 | 35.006 | 48.792 | 49.321
0 Ear | 40621 | 30.848 | 22.879 | 29.773 | 27.548
X CC | 57.351 | 57.280 | 59.020 | 57.036 | 52.183
%0 Ear | 49.899 | 49.543 | 53.096 | 48.498 | 42.860
- CC | 60.360 | 60967 | 62.626 | 66.118 | 66.521
Ear | 71.729 | 71.686 | 71.327 | 72.442 | 67.326
B CC | 87.345 | 85.594 | 86.259 | 84.605 | 81.037
0 Ear | 89.134 | 89.534 | 83498 | 88.343 | 87.791
B CC |104.036 | 103.375 | 104.228 | 103.450 | 99.617
1o Ear | 103.650 | 105.411 | 108558 | 108.963 | 109.520
B CC | 125245128254 | 128211 | 127510 | 129.987
130 Ear | 126978 | 132.303 | 129.503 | 132.475 | 132.940
R CC [139.270 | 145.036 | 145.325 | 146.581 | 146.025
180 Ear | 143.602 | 146.104 | 147.210 | 146.519 | 146.025
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Figure 12. Localization results on moving source
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Table 3. Person localizaed results based on video

information
A A £ =] 50° 70° 90" 110° 130°
FA A 4898 | 69.56 909 | 11154 | 1325
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Figure 13. Localization results on moving person
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Figure 14. Audio-visual sound source localization results
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