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<Abstract>

Sound Source Localization Technique at a Long Distance'
for Intelligent Service Robot

This paper suggests an algorithm that can estimate the direction of the sound source in
real time. The algorithm uses the time difference and sound intensity information among
the recorded sound source by four microphones. Also, to deal with noise of robot itself,

the Kalman filter is implemented.

The proposed method can take shorter execution time than that of an existing
algorithm to fit the real-time service robot. Also, using the Kalman filter, signal ratio
relative to background mnoise, SNR, is approximately improved to 8 dB. And the estimation

result of azimuth shows relatively small error within the range of £7 degree.

Ji-Yeoun Lee, Min~Soo Hahn

Keywords: Human-machine interaction, Kalman filter, Interaural cues, Azimuth.
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<¥ 1> T O $4

State Equation : g(p) = A(n—1)s(n—1)+w(n) 0))
Observation Equation : y(n) = Cs(n) +v(n) 2
Initialization : s (0]0) = E[s(0)], P(0P) = E(5(0)s”(0)] 3
Computation : forn = 1,2,..... . 4

shin—1)=A(n-1)s(n—1n—1)

Plnjn—1) = An—1)P(n—1n—1)4 (n—1)+ Q,(n)
P(njn—1)C7"

CP(nin—1)CT+ Q,(n)

stan) =s(nn—1)+K(n)(y(n) - Cs (nn—1)

Plnln) = (I- K(n)C)P(nln—1)

Kn) =
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a,(1) a,(2) (p—1) a,(p)
1 0o - 0 0
Aln) = 0 1 - 0 0
0o 0 1 0
a,(k) : n¥ A Linear Prediction Coefficient
w(n)
0
wn) = 0
0

w(n) @ 97] 413 (excitation source)

C=1[100 - 0]

v(n) : the additive white noise
@,(n) : excitation power

Q,(n) : power of additive noises
K(n) : Kalman gain
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Signal Input

Kalman Filtering

l

Sound Activity Detection

!

Section Decision of Sound

!

Time Delay Calculation

{

Azimuth Estimation
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i =0 0,102
é x, (k)zy (k+d)

T k=i
¢ij— lim > ;

54l (k) 33 ()

k==1 =—1

k=0,1,2N-1
d : value from -10.000 to 10.000
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a:1562cm, b: 292cm

d2 : 2999cm, ¢ : 297

At : Al ZF Ao (time difference)
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