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SFIZ#5A1RvE (1950)

ASIMOV  “Take the case of Robbie,” she said. “I never knew him.
LT He was dismantled the year before I joined the company—

S hopelessly out-of-date. But I saw the little girl in the
museum—"

She stopped, but I didn’t say anything. I let her eyes mist
up and her mind travel back. She had lots of time to cover.

“I heard about it later, and when they called us
blasphemers and demon-creators, I always thought of him.
Robbie was a non-vocal robot. He couldn’t speak. He was
made and sold in 1996. Those were the days before extreme
specialization, so he was sold as a nursemaid—"

“As a what?”

“As a nursemaid—"

PO ORYE “Robbie” (1996 F5%)
- Nursemaid > ADEZFIEETES.
. Non-vocal —» Lo~N7ZiLy.
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m EBEN (Sound Source Localization) (]

— MUSIC based on Generalized Eigen/Singular-
Value Decomposition (GEVD/GSVD-MUSIC)
[Nakamura+ ‘09-‘12]

n ZEiEpEE(Sound Source Separation)

— Geometric High-order Decorrelation based
Source Separation with Adaptive Step-size
Control (GHDSS-AS) [Nakajima+ ‘“10]

- 1
SEVD-MUSIC

ki GSVD-MUSIC
FEONR MERER
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n ER2:(Automatic Speech Recognition)

Robotics

m BREOHAELEF: BTy-h = [AAAI-2000] *
— http://winne.kuis.kyoto-u.ac.jp/SIG/ -
m TEMICE. ARTAOX, AL
EENBEE-NLEIHELTIRE
m FES
- AIXNgE%¥ & Al-Challenge A=
- BRARYMER ZBEROA—AFAXR-Eyiay
— IEEE/RSJ International Conference on Intelligent Robots and Systems
(IROS) DA—HFAXE-tviay
- F—=TLY—RYI+I1T7
FARRK BER - 1\vHV B

RARR BER

O NERTE (RRFREEDE) (Nakadai 2013]

— Missing feature theory based integration of » F
separation and ASR [Yamamoto+ ‘07] el

ORy FAO7ILT Y XLOHEESEHE

+ O7RY b (ICRA IROS), B2, &7 (ICASSP, Interspeech)
Al (AAAL 1UCA) DEIESEZFIDICHESR

MARR SRR

Simultaneous Speech Recognition
~ Meal Order Taking ~

» Dealing with 11 directional sound sources, a diffuse noise source and ego-noise
16¢h circular microphone array (speaker locations given).
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= HRI-JP Audition for Robots with Kyoto University

(downloadable at http://www.hark.jp/)
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m 74332 :”The Faster, The Better”
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* The rule of threes (FX:k)
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m JST IMPACT 278RT4I9RXF¥L ¥ (2014-2019) "

FOo—ERORE
1. TAYARYTLAIREE DD ERIER
- HRE N R O
When?
2. BRLEEROSS, BHE, HLASAICEDS
ERO¥ "

- BiR#EA . RE
BREEFERETT, I\hwoy , TEC), TEIC) ZHY

16

O/Ry FEEMNS FO—2BERA

m WL o0KRUPLMIEE UAV (Unmanned Aerial Vehicle)
[CEKBHIGTOARDIER
— Unmanned Aerial Vehicle (UAV)
- EERATHIN TOWCTEERICLEFEEZRE TES.

— Microphone array

- NASTIRESR SNV AP AN BEEE R DI
BIENTESD (NASEH)

BIEHAR (SRIRR)

m Acoustic Vector Sensor (AVS) [Kaushik+ 05]
- N S
- ZICEEHARTHEAGE, BEEORER)

B Microphone Array [BB#&+11, Basiri+ 12, Okutani+ 12, Aitukawa+ 13,
Ohata+ 14]
- UAVEBEIRA/0RUTLAIE, 2000 ENSENHIICTHR
- RAYBARVTLARBIZDONWTIE, A—ToV—RDVYITEITEH
BEHHY, BEILERHNES
* ZA4RX (Honda Research Institute Japan, Co. Ltd. Audition for
Robots with Kyoto Univ.) [Nakadai 08]

Quadrofof with 16 mics
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SEVD-MUSIC [Schmidt 1986]
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— Convolutional Neural Network (CNN) @3
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SdA (Stacked denoising Autoencoder)
GMM

[ ft - MR - AR |




ERIRR - HDIER

SEERIRIR :
- RERICALV=H{K
AN =
- 16 ch ¥/ ~OFR> 7L A TUNER
- BARDLEIZEE. TARSILEER

ERIER

BRSO B - BAIF & T & ORI ERET(%)

GHDSS |RPCA
o vmzgmy | CGMM 66.2 50.4
E‘%‘;&’E"“ SdA 58.7 40.8
CNN 81.5 44.7

GHDSS = & 5 &R B & CNNIZ & 2 F IR
DA EHEA RWVBANEFSCR)ZRLT:

31

RBZBICKDSIEEL [Nelson+ 2016)
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« Deep Residual Network [He+ 2015] 16 ayerpiata 18‘*ag§2(§3idual
* ILSVRC 2015 & Winner
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c BEZZFEITIRILIZE>TEZICRBEIL,
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F(x) Identity
Weight X
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H(x)=F(x)+x
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[ asdcon, 12|

[ dconv. 25|
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L fooa |

361 fesat
1

Fig. 4 Network Architecture
Left: Plain Network Right: Residual Network. The dotted
line shortcut represents a 1x1 convolutional layer 33
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DNN is trained to serve as SF

T and NR filter simultaneously

Ch 1
[Input]
Corrupted input Ch2 ) E:>
sound feature .
x N ch -
ChN

>

[Output]
Clean target
sound feature
X 1ch

\ Mel-scale fiterbank sound features correspond to

multi-channel inputs

Sound feature extraction for each channel Sliding window
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GHDSS+HRLE
e 60.64 67.41 64.03
REFE 58.81 68.09 63.45
(Denoising)
n BB
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- HEDHAX:4x7Tm
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— EFEEE: Julius
n Efitvk RS

— JNAS 200, —SEERIBFREE
— SNR:0dB, 6dB, 12 dB
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m EENELEEBEFEDHEE vs End-to-End FFH
— Deep Speech, Deep Speech 2 (Hannun 2014, Amodei

2015)
— WaveNet (Google DeepMind 2016)
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End-to-End H'&RLNDH ? 1ms asul

Partially Shared Deep Neural Network (PS-DNN) (s%~=+ 2016)

Classified Classified Classified Classified
results results results results

(BRHEA) End=to-End

FEFE
) Y
GEEIE)

[ Input signal J [ Input signal J [ Input signal J

[ Input signal J

a) GHDSS+GMM b) GHDSS+DNN ¢) DNN+DNN d) E2E DNN

i e REEE .
a) GHDSS+GMM | 95.90% KT
b) GHDSS+DNN | 99.34% ) RIGAEE :

= : 2 REM E2E &Y
¢) DNN+DNN 97.49% EEEENIE L
d) End-to-End DNN | 96.83% ZBEED

Parrot Bebop Drone w/ 8ch mic-array
#samples:60k, 5-fold CV, input:1,600-dim

i Q MEMS?4 7

LWhfrEY %

S

SNR: 0dB, batch:100, epoch:300, 6 layered DNN

PSA D#HR

38
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m FREA (classification)
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