0300 Doooboooooon
20150 1104006000000

FIRE AL

ZE XEREOERIRE —RERRZXWRIC-

Organic integration of speaker localization and speech detection

in domestic environments

KJIW BT i R T

Wil Wit !

WIh— VaFrot

T =2 BRSNS W SET
IMitsubishi Electric Research Laboratories

Yuuki TACHIOKAT  Tomohiro NARITAT

Shinji WATANABE!

Jonathan LE ROUXH!

fInformation Technology R&D Center, Mitsubishi Electric Corporation
IMitsubishi Electric Research Laboratories

TTANZI N ARFTREIFEEREIZE T 5 FFEEM L
X TFEZ RS . FEERE T, B AR
WRED S DT £ 72537280, FIFEM ILH L WR
BTH5. WEREIZEENT VD HFIREA DA % FHIE
TEEDIZ, T —MIEILKFEREETS. &
NIZIMAT, BEZ2HES -, HeEtizesms X kb E
ZRMATS. ULrL7Aads, FHLZ DIRHA 2 —/3A
i, 5 ODEHEND D, MOEHED SN ALFIRI
FHIL AR T NIER S0, 2 OFEOFEHNL S5 X B
DIERZITERANZOTIZEL V., ZOREICTLT S
728, HIREM & HR XML EZ 3 2 N R/MEEREE 72
ORI EOCHEIZE Y, AEMITHRET 2 FiE%E
RET S, BEEE, FPEEMIIBWT0.712 DIEER,
FEXMEREIZBWT0.743 O FEZBIFE Y MicxL
TER L. R—=AF10 1%, TNEFN0.559, 0.570 T
Hotz. TAMEY Mz LU TIEZENEFN 0.666, 0.706
ThHH, R=Z2F1 130517, 0.602 TH-7=.

1 FL®IC

TR Mo @m Y AT LR H OSBRI, FIREA L
BERXEREPEEIrOEMTHS. —DDILABIE L
T, EhE~ 1 7 2o~ BB FRS D 0, FREBRE
WZHEAM I o NRKEREDBIELEZ NS, TD L
S RPTIE, BEFEZEEDRES > 72 H 0 558
TERENRDD. ZLDEFOREHOAEFHALEZ [T
T4V N FEEFIEND (1], EEMEDEHRE 7
A4 RFRRICMZATHAT 5 Z & Tl e G2MED
M LEER2ZERTESZENMSENTWS [2,[3]. #l
ZIE, FIREMPIEIZE Y, Al OMES %2 sh R M
ET25ZEeNTES.

N DA E2Z -7 a Y27 M Tdh 5 Distant-

speech Interaction for Robust Home Applications

(DIRHA) 7ay 2 b [4] TI&, BEO~A 7% Mi>72
KEELRBIT D, 5abe D& DS L O FHHEIZE D
#lATWD. DIRHA 32— S22 78y s KD
I—=NRATHY, HFEME &FHXEREO D0
MHiR5.

ZDA—=NATI, 2RIEH 5 W& 3 RITTDHIREN
ZFoTVWE., ZNEPL0HUWIEETHS. 100D
W (TbBERAEE S FOREE) 1F, TR THR
DB L. BlZIE, FHEANRZ MIVAIAE (Cross Spectrum
Phase (CSP)) ¥% [5] {2, HEIDMEEAT LI & T [6],
BERENCBVWTHEANLEECERAMEMS Z
EMTESL. —HT, 2l EOFIFEENE, HIEPHE
EDIRAEDHEEZIIXT L, HHEIZHARIEEIZHS)
EREWEOD, MELITOHELD LA EIZEET
HB. HE, W ODD2UICTOEFREMIENRE T 1
TW3. ZhoDHTH, 2D-CSP i [7] kM2 5 4
RINTHD. ZOHEE, W OOERMAIZHLT, Bl
X 7= FRFE 2 (time difference of arrival (TDOA))
R TDOA LR L, FEMRUNE 725 % IR
5. ZOHEKE, FREIZK VBl iz TDOA VEH
B2 T 5B U7 HERIN7Z TDOA & —H UL 5D
T, BRENDIRETHRENPRESMMT TSI LAAS
NTWa., IhoDEADKELZMILT 2720121, f]
5 DOZEIMREIESBETH S [8]. AWTIE, Z0k
BIZLIBEDOREEMIET 572012, EMAIZTT 2
B TDOA 228 TDOA 557 /L — bzED<
FikzeRET 5 [9).

EAE K AT, #ERE TOVICHEED < FE [10], [11]
N, TEIEFRXAITIVEREZZEIT TS, /2L,
Z® DIRHA I — 8221, 5 DOWMREBD b, RS
DB OHFEIHEHA L R NIE RSB WS L I
Hb. INSDOHEXEFICH L TCIEETH D, BE

- 224 -



[ Bathroom
[Bedroom
[ Corridor
[ Kitchen

Livingroom

Reference
TDOA DB

Al BCSPl—=—12D.CSP [ / 7| Template [ ¢
or !

N Selector h-[csp] T‘-

=
— Averaging >
[Power estimator |— 5
Sohn / SKF I— o
Sohn / SKF Majority | |

- Voting
Sohn / SKF
O Sohn / SKF

System reply

Feedback
remover

Voice area
Localized point

1: Schematic diagram of the proposed system for the
“Livingroom” localization and detection. (CSP: cross
spectrum phase analysis, TDOA: time difference of ar-
rival, Sohn: Sohn’s speech detection, SKF: switching
Kalman filter based speech detection, MIN: minimum
cost criterion, SVM: support vector machine, NNET:

neural network)
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% 1: Localization and speech detection results on the development set (dev). Methods are indicated for speech
activity detection (SAD), source localization (LOC), and their integration (INT). Performance criteria for source
localization are Fine Error (FE), Gross Error (GE), and Percentage of Correct localization (PCor). For speech

detection, utterance-based criteria are used: Precision (P), Recall (Re), and F value.

Methods REAL SIMULATIONS AVERAGE
SAD LOC INT |[FE GE PCor P Re F |FE GE PCor P Re F |FE GE PCor P Re F
2D-CSP 298 602 .685 - - - 1309 925 .504 - - - |306 870 .540 - - -
Oracle Template ) 303 592 .719 - - - 1160 864 .643 - - - |200 817 .658 - - -
M-CSP 347 1307 177 - - - 1348 1433 .208 - - - 1348 1409 .202 - - -
SRP-PHAT 289 826 .537 - - - 1248 987 .509 - - - |257 957 515 - - -
2D-CSP - 295 565 .709 .693 .957 .804|308 836 .525 .354 .905 .509|305 794 .559 .414 .919 .570
- 301 537 .746 .693 .957 .804|161 769 .657 .354 .905 .509(197 732 .673 .414 .919 .570
Sohn Template MIN |[{301 537 .748 .744 .957 .837|161 769 .657 .354 .905 .509|197 732 .673 .419 .919 .575
SVM |[304 528 .757 .740 .826 .781|159 749 .681 .670 .836 .744|197 714 .695 .689 .833 .754
NNET||299 498 .779 .797 .826 .811|151 732 .685 .800 .693 .743|193 692 .704 .799 .729 .762
2D-CSP - 300 559 .699 .697 .812 .750(303 798 .548 .416 .894 .568(302 762 .574 .461 .872 .603
- 306 532 .744 .697 .812 .750|158 714 .678 .416 .894 .568(194 686 .689 .461 .872 .603
SKF Template MIN ([306 528 .752 .699 .768 .732|158 709 .679 .414 .889 .565|194 682 .692 .457 .857 .596
SVM |[310 535 .741 .823 .783 .802|157 688 .699 .661 .841 .740|196 663 .707 .694 .826 .754
NNET|[292 503 .756 .837 .609 .705|149 663 .704 .733 .778 .755|180 642 .712 .753 .733 .743
2 2: Localization and speech detection results on the test set (test).
Methods REAL SIMULATIONS AVERAGE
SAD LOC INT |FE GE PCor P Re F |FE GE PCor P Re F |FE GE PCor P Re F
Oracle 2D-CSP i 301 622 .582 - - - 302 1076 .461 - - - (302 965 .497 - - -
Template 297 584 .658 - - - |186 1094 .564 - - - 228 972 592 - - -
2D-CSP - 298 585 .610 .868 .962 .913|303 1004 .479 .368 .944 .530(302 904 .517 .441 .949 .602
Sohn - 293 550 .673 .868 .962 .913|185 969 .590 .368 .944 .530 (225 870 .613 .441 .949 .602
Template MIN |[[293 545 .677 .882 .962 .920|186 970 .591 .365 .934 .525|225 868 .616 .441 .942 .600
SVM |/299 505 .678 .917 .316 .470|185 961 .592 .678 .939 .788|204 920 .602 .700 .762 .730
NNET|[ 287 542 .657 .900 .532 .668 178 969 .567 .720 .707 .714 (211 889 .588 .755 .657 .703

2D-CSP - 296 846 .624 .657 .937 .772|304 922 .526 .411 .859 .556 301 823 .557 .462 .881 .606
- 292 513 .683 .657 .937 .772|184 859 .637 .411 .859 .556 (225 768 .651 .462 .881 .606

Template MIN 292 512 .684 .651 .937 .768|184 857 .639 .411 .843 .553|225 766 .653 .461 .870 .602
SVM |299 518 .668 .571 .367 .447|180 838 .644 .684 .813 .734|203 798 .647 .664 .686 .675
NNET|[284 507 .662 .692 .608 .647 (187 768 .667 .712 .742 .727|215 710 .666 .707 .704 .706
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