AL

H81 EeE kS

2M-03

BEDODT1 7Ky 7 LA BEH L-EHRDODUAVICL S

EEI

RD =R ITIE S

LI Z&3E 1 Daniel Gabriel!, S/l 7idF 1, PEH Rt hE—fd 12

1 HAELRARY L AT LilER

1 FL®IC

AR, FIRALEREE A & AG DY, LIS
7= BRI PR I & SEEBGIZ B 5 UAV OIS
s hTwa (1, 2. Bz, EHO~YA 70k 05
B A I UARYT LA %R\ SEO BT

KRR B Z b Tnd. iz, ¥~ 1 7aky 7
LA 2 BITHWA5E, MEOHEIZNETH Y, f
AHEEIZHW SN Z A%V, ZOREIZEL, Zh
ETUAVI BIEBDO~ A Z7aky 7 LA 20 17,
BEFIROMB 2 HE T 2 FIEEZREL, BE> I 2
L=y a iz k0, SIRAEHE, B & SR T
MTEBLZ L %&RUE 3. UL, BIlo UAV (26K
XA 78Ry T VA RO T2 T, R EIRIC
WY BALEMEEHENE D D L W MEEH - 72, K
FTlx, HBE D UAV TN T NICEBE D~ 70k
VT LA BERT S Ik D, FIRHUEHEE DR W
HxHIET.

2 [EERE

UAV O#a¥% M(>2) £ U, % UAV X UAV,,. ..,
UAV,,,..., UAV )y & & SMITTS. m EFBEHD UAV T
»5UAV,, IO oz~ o7akr T L1 0O
& N,(>1) 2L, UAV,, O 270k V T LA %
MA,1, . MAp, .. MA, . EBERFTE. %
7z, @ UAV IZIO i o iz~ o7akr7 L1 Dk
BUIN=3 N,>2&L, &1 27BFYT7 LA
Fig. 1 ® & 512 UAV Hh & d BN 75T IZELD £+
FoNnTWb LT 5. UAV X 3 RonfidEES) & A0
FaDADEEGEB A AETH 5 LAE L, UAV,, D
ARAE 7, (1) (¢ 1ZW5A) 1%

’I"m(t) = (xm(t)aym(t)v

YEHL, %%f%ét?é (T (), Ym (1), 2m () 1E
UAV,, DA R R 763&mfﬁf%@k @
c&mwmwﬁ&%%h? aﬁtUt3amiL
ﬁﬁﬂ%@ﬁ%ﬁ%1omﬁ?é.%ﬁ@%dw@

e(t) = (e(t), ye(t), 2e (1)) (2)

LRT. F72, FIRMES s(t) W T2 <, kiR T
HdEL, 7’(7133?‘/71/4 MA,,, DEXA 7%
VIR L IZANEINEESDEREE spn(t) T 5.
UAV & HEJEH 3 IRLEM E2BEIT IZB o ND A
Hsmnt) (m=1,....M, n=1,. N)’S:%t
H IR DA R e(t) DI EHEE LS B R
W, DURTHR%ET 5.

Zm(t), Am(t)) (1)

3D sound source tracking using multiple microphone arrays
installed UAVs
Taiki Yamada', Daniel Gabriel!, Katsutoshi Itoyama', Kenji
Nishida!, Kazuhiro Nakadail-2

1 Dept. of Systems and Control Engineering, School of Engi-
neering, Tokyo Institute of Technology
2 Honda Research Institute Japan Co., Ltd.

1-115

2 (Bk) R & -

VY—=F - A VAT 1 Fa—b - VrSy

FiR
7@\

\TY
d

o\

UAV, d
! 240KV T LA

Fig. 1 Image of sound source localization with mi-
crophone array installed UAVs.
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Fig. 2 Flow of the proposed method.
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Table 1 Initial states and dynamics of the UAVs and
the sound source (Positions are in meters. Rotations
are in radians. UAV’s dynamics are seen from their
own coordinates)

BEMER | Wk | XA FIP
UAV,(ry) | (1,0,0,0) | (0.2,0.2,0.1, —0.1)
UAV,(rz) | (0,1,1,2) [ (0.2,-0.3,0,0.2)
R (e) | (2,1.5,0) (0.1,0.2,0)
e ——UAV,
{ UAV,

e Microphone Array
——Sound Source (Ground Truth)
——Sound Source (Estimated)
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Fig. 3 Bird’s eye view of the simulation result.

M (1<j<J)eds. #HEERMEZ SR
M(lgggjjwﬁvxﬁﬁkiéﬁéﬂﬁfﬁﬁ
T, HEEPNEZEST Y ADMACRE L £
%59 5 Unscented Kalman Filter(UKF) 7 L' — A
7;7pﬂ%ﬁwa:t@,%ﬁ%%%miﬁéztﬁ
TE5%.

4 FEVIal—rav

RETFHEE MATLABRIZFEREL, vIal—vay
Zfio7z. UAV IZ2BBELTH YD, FiHE UAV O
HIHPRRE Y X1 F 3 7 A% Table 1 1Z/RT. £72, UKF
FEHIRE T = 100[ms] TH O, £IKT10[s] ¥ Ia L —
YavEizol, T - X=T74—=J)LK - RI7 ML
a DR 5[] 2 L7z, ~4 7ahv7 L1 ok
Ny =Ny =2 & U, BIREERLRD x ©liA & JIFEHE D
120, 120[°] OALEICEEL 2. £72,d=0.5m] &L
2. EOUERIF 44.1[kHz] TFW, STFT 137 L — AR
1024/44100 = 23.2[ms], ¥ 7 & 11.6[ms] TI7 > 7=.

Fig. 3 D@0, HEE & IR E O &R E L %
WETETWBI N5, iz, KFEITHEEG
o HEEERE GUMEHEEZ L T\WE720, #EF
MR E AN E DTV, Eg4fiaﬁmﬂ
DEME & B FHNBI O -2V v N2 EE L
T, ZOREZIRZRRLT VD, m%&ﬁﬂtmfté
728, % UAV % 1 B DA% Mo 72 F IR E e ©
Fig. 4 1ZRT. 72720, x4 20k 7 L1 OR%EE&
bbbz, UAVLI B2 AW FRNH#EE T 1B
K4o®747n$y7v4%mbﬁwfwéabf
W3, Fig. 4 X0, UAV 2E@HHN= A, 1 6OA%E
%mé% aﬁmfé%m&aﬁﬁﬂﬁﬁk%#mé
10Oy I ab—a > T0.2m] A
HELTWDZENNND.

1-116

——— UAV, and UAV,
——— UAV; only
UAV; only

|,
W

time [s]

Fig. 4 The Euclidean distance between the sound
source’s ground truth and estimated path.
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