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We conducted research with (a) statistical modeling of motions, and (b)
statistical connection to natural language processing. As to (a), we extended motion segmentation
with Gaussian processes for high-dimensional observations by conducting segmentation in a latent
space induced by VAE, named HVGH. This research appeared at an international top conference of
robotics (IROS) and an international journal.

As to (b), we developed a statistical model to explain adverbs that have been difficult to deal with
in ordinary natural language processing. By learning a topic model on the space of functions
induced by kernels, we succeeded to connect adverbs with associated motions toward adverb-driven

motion generation.

During this research, the principal investigator authored a textbook "Gaussian processes and Machine
Learning"” from Kodansha, which sold over 10K copies to make Gaussian processes reachable to general
audiences in machine learning.



B X C—19, F—19—1., Z—19 (dt@)
1. BFZEBRAE S D75 5

INFETERT 47 ADFE T, HENPREINT-EEHo R Yy NOFEIRPEATE -, L1
L, NTHBEDHAMEF I E- T, FhEehiak/s EAMDOZIETIAEL, ANEXETHHR— 24

ORT 4 7 ADQEBEMNEE > TS, ZoLmaRy MIFEEAaRY FO X HIC—EDB

BOTCRESTHEEZZITT DO TIERL, TOEHLARITIGE UT, oo, A,

WIER D L D 7extg FHIL LT, %fﬁﬁfiiﬁ(ﬁ%ﬁfﬁ%ﬁzé EMME LT D,

0RT 4 7 A TIEAS E T, AN FEINCEEGH Lz TS ) TEL ) LW 2HIROBEMED

DRI L 72> TRV, HEOBMEEZ RIS U THRIKICEZ D HETEBEINTWehoTz, =

TS, ARy M3 RF o /B T — 2 05 [8E] 2 2800 e -7= 2
WICEKRLTWS, L, bhvbii, H26-28 £ERMFE LR (B) 2BV T, 1. 2 @
INCEIRTTDOAE OFFRYZH A7 LT [8E) 120%3 5 Z Lo L7z [Nakamura+

2016], ZAVUIEMEDORITZES f2 6B LT, BIR0FHEITE & A XHEEIZ L D SR E Rt T L

Thd, 29 LCGEET—2015 8] PNl cE s L&, EilkodisiaRT 7 2D

DITIT,

1. Afiz i%@ ED XD TEIE] 13d DD,

2. TEE] ITIXED KD B AZER, RIZE DB B D D)

ZARFHEC) « SRR L, ARy MOEYNCHMEE D Z 0N 0E L D,

F2Z OB, MEEHFICE W TZEOEEZ FEBLT 57D, RIFELHFELEVSTINET

DO T2 IS o R T 4 7 AOREEE 2, FEMANLOT 4 — KXy 7 KL

RITIE R R, Thbb,

3. HHE L TCOHBERRT 4 7 AL, RN RT ¢ 7 AHGEZET 5

VR H 5,

InBizEy, vaRy "OEENOEEEZ T D Z L ERRICBHE, vRy MIITHI & HESL %

WJ%%”éﬁé ENRTE D, &6, ABIEZ ) LEzEfEof#EE 2 S I ioTE%LTm

Lo ez THo97 L) 45, F@U@U&J@<kwotﬁﬂ,%ﬁi%5 EDOME %

Fiol-@E2 BT LmnTE D,

:9Lt‘%&%%wﬁ®%M%ﬁﬁ%fkaT%ﬁ-‘F%okﬁﬁ*@hﬁjkmﬁiﬁ

2, Bl y hOBEEZSETHEIT S Z LN TE 5, £, BASHELEOB SIS F

T, FRO TOVOWE | Lo o FHEN TR ﬁéi%bfwéwb%%#:&ﬁxﬂﬁﬁ%

S, BRT 4 7 ALFEOMN K Z ETINBHIOHTREEE 220, BifEE SE TR T TR <,

SENDEMER KT D Z EMNATREIZR D, ZDTODMFHET NV E, H U ABREICL D AEN

I "NDETNMEEIEET A Z L7 Stk o TEBRT 5,

2. MO EMN

ARFFEIX, AR EERIIT> TS TE8E] o4 E%%%ﬁ L, BRT 4 IV ANET 4 —F
Ny 75T HHFRTHD TORATH D, HIIZIE, &0 50 &\ HifEfr i [Tan1guch1+
mm]@iﬁﬁ%ﬁk%ﬁmﬁf,ﬁ?Xﬁ@#%iﬁéhéﬁm%&%ﬁ Ko TEMEZE S
BibT 2 Z LA ThHD, ZHCKkY, WICEMERZER TS Z L b AREICRD, ZOLE, B
@ﬁmﬁﬁﬁﬂﬁﬁibﬁéﬂmﬁwt , WRICIEME SN BEZER CTHfEib 21T L9, &
ﬁE%&@ﬁﬁ%ﬁ%ﬁﬁo:@&%,@ﬁ%mﬁmﬁﬂﬁ \CEBT D, £z, uRT 47 A
FRFFHFZYD TEATLHZ LICXY, BRTCOAERERY %2 L0 @O 2 58772 51k
AT 5, 29 LTHELR TEE) 2 BERRciRE T LV CiELT 52 & T, TEfE)
DORFHL I HICEBEIC/R D, DI, S MEOM O & HlH % /I T AHMEHET V&
BT 5, ZHUI=a—TF N Ry bOXHIRT T v IRy 7 ATIE L, T RABRELESTH
nuAER MCTS) L \Wo miERET ML DA, ﬂ%@b%”éntﬁﬁﬁfaﬁjzﬁ
SNTWD ENERE R D, 2B ZE AL SUIRMET 2 Z & 3R T1E7e LTl R alge
%é F B ZIXBER SIS L, FEEER ST —2fbsihvTns b oo, TEE]
D FRNTETITHEOEIEDNHEN TS, KFFFITeRT 4 7 AT T, EEey
%@ﬁﬂ%,%%%“ BWTHLT L—7 A)— L B L 72 D,

3. WD HikE

FEROFTERICH S X | BIZRD oD EE BN AT o T,

(A) ERITAERRY S8 LT 28 LWEEHE TV (H30-32 A2 [F3iG « PRy ] BT
AHI=X 91z, bhvbiut [Nakamura+ 2016] 12BWTC, [ERICOFEITHOWTHERRL A 4
Hilb L, AEORERIIOZIG, M0 [E8fE) 258425 HEEMRE L, 2721, EED
AR vy FOBEEAXY VIS RTEREDTHEZ, TNLEMNIIHE D = L IZREET



bb, £ T ARFRETIE, AEST MOSEILEEDHBEZRFOBELEORILTIT I,
TR bLIRTTEME & DRI b RS EE T oMt e T VBT 5, EICHHHZ2FHE, o
T4 A& R B OHE L CHFEEED S,

(D) BIELSEDOHAGHICL D, SEICL2EMEOERI L HIE (H30-31 ) [/ - FifE]
AMITZEEEZ L CTERTHZENTE, ZFOMKRE L L ZAEBOMENRH S, LirL, Z
NWET TEE] OBMBHIETR -T2, EOSENBIIED & 04y & st 2 0M%
BEERTH Y, XGUI AP LB OEE) T — X 2R STV, L0 BRZ, RVERS
[ZOWTCHEEfZe L8 sz TEE) & SEEZ XN HT DA T, vlT 4 7 ADFEET—
2 ERBIICHERT 2 &N TE, RERA L7 BB D, BRI, AR TIE

C Bl LR S TEE] 2_X—RIC LT, iR LT 74 A2 b

S IR =2 —T %y b LSIM & T T vy g UL W, AERRSOBEEARET L
DO T EHETT 5, ZHUCEY, EXOZTNETNOSEN EOEHEIZH T2 D OISR HE
DD 6D Z 2D, ARBFZEIT/INRD Z 3 E TORFZEDHKGE - mELTH Y, FENRT KA
A A&ITD, Fi-, SIS T28EN DI, (©) TRRZEWEEZ LT oHERET L
EERLEOOTbNSG, THCED, BRy h~ORE LT “bo LEEICEAT, “&
S VY- T” OLICEENSECTHIEAEEL 725,

4. W

TR O % ERITHENT 5, FEL<IE, BRUMESZHRI N, M1 OX I,
IETEZE M CEMED ik &2 1T 9 HVGH 1L, #MECEktOnFEibZ laelc L7z, M2 TR Lz &
INT, ZOET/UTIEF O HIM 7 — & T8 TRE S Autoplait FITH HOHEI%
Bz U CIFICIERICEE TN TE D,

High-dimensional time-series data : §

i ?WﬂQAACA%Cﬁﬁ

2
e
z
© . ™ Jumpingjack M Squatting M Jogging Knee raise Amcircle M Twist
e B Sidereach M Boxing M Amwave [ Sidebend M Toe touch
Dccodch VAE lE“COdC' Classes (Gaussian process) Ground Trath - - - - - -
Latent space Gl over [T NN 'l | Hl Il
N
1~ e D———=TE T T R B
= 17 vagsuop-mv [N I {11 T 0
GP3 L vaesupe-amvseyem [T miri 1 Il
vaesse-nvm [ O I . | HlE .
2 VAE+Autoplait | |
Sequence | Sequence 2 Sequence 3
X 1 [ 2

Fio, AU AMBIZESAFEOTFHICBENTE, M3 DL IITART MUVEE LDA & L5
FFETAVEBIE L. ZHUCK VKIS AED L DI, BIEZERM T OETERI 72 8 0 /30 & RilE %
FEOMHT 52 & T BENS ZUTHE LRIF 2R T 5 2 E RIS o T2, Ak, 20D
WOMEEITH Z L EZFE LT\,

4.Spectral Mixture LDA FB UL pwa & d w@BWTHEBEUEH D XN

ic1
A pic

I \ wopicz
&R 015 (" I\
. | \

X R

/m%‘ ) \
ot 7o LN L VAN L) AV,
) L. Eugallégﬁgﬂ —4 -2 qﬂ=l 2 4 -4 -2 q0=2 2 4 -4 -2 qo=3 2 4 m::?u
b) g hEwom BligE#E AWTEIFAZ £
B 15 e 3

Fl "\ /
L9 —_—
BFEICOWVWTOYS TUSIR, b mEH - e BT 0.054
Plin =k W, X. Z, 4, Y., B.7) i I I FEAC 0.048
N +8 ¢ -

Q
e RN R 520 oo
—_ - 5T [C] E=NE6 - .
BRSCOVWTOY S TUS IR il 1] e

plyd,, =kW,X, Z, Yiam, o, 3,7) 6 , i tw t,%ﬁéa)g%at

(Ianﬁ#zf) Nate + Mg g +

! Xp
e (CH ) W e E& SMLDAIC KD ADBERFENS.

aEHE o BROBRERR 5 N T
new _ . 2odey ks V(Q*Nax +3500 | M, +a)-DK¥(a) = —1= — N —_
& T RS W@ Na L, Ml ak)-DRV(aK) PREE  SMLDAZRULEIFAN S DEMEERKDER

X 3



MC-GP-HSMM 2021
(
DOl
Masatoshi Nagano, Tomoaki Nakamura, Takayuki Nagai, Daichi Mochihashi, Ichiro Kobayashi, Wataru 6
Takano
HVGH: Unsupervised Segmentation for High-dimensional Time Series Using Deep Neural Compression 2019
and Statistical Generative Model
Frontiers in Robotics and Al 115-115
DOl
10.3389/frobt.2019.00115
T. Taniguchi, D. Mochihashi, T. Nagai, S. Uchida, N. Inoue, I. Kobayashi, T. Nakamura, Y. 33
Hagiwara, N. lIwahashi, T. Inamura
Survey on frontiers on language and robotics 2019
Advanced Robotics 700-730
DOl
10.1080/01691864.2019.1632223
tl tl I I I 32
2020
( ) 632-642

DOl
10.3156/jsoft.32.1_632




Wataru Takano, Taro Takahashi, Yoshihiko Nakamura

Sequential Monte Carlo Controller that Integrates Physical Consistency and Motion Knowledge 2019
Autonomous Robots -
DOl
10.1007/s10514-018-9815-1
Masatoshi Nagano, Tomoaki Nakamura, Takayuki Nagai, Daichi Mochihashi, Ichiro Kobayashi, 0
Masahide Kaneko
Sequence Pattern Extraction by Segmenting Time Series Data Using GP-HSMM with Hierarchical 2018
Dirichlet Process
IROS 2018 4067-4074
DOl
15 5 5
2021 P6-17
2021
2J3-GS-8b-01

2021




MC-GP-HSMM

1C2-04
2020
Spectral Mixture Kernel
1Q5-GS-11-02
2020
2021 T1
2021

Masatoshi Nagano, Tomoaki Nakamura, Takayuki Nagai, Daichi Mochihashi, Ichiro Kobayashi, Wataru Takano

High-dimensional Motion Segmentation by Variational Autoencoder and Gaussian Processes

IROS 2019

2019




HVGH:

2019 1L3-J-11-01
2019
2019 1C4-J-3-01
2019

Daichi Mochihashi

High-dimensional motion segmentation with semi-Markov Latent Gaussian Processes

ISBA East Asian Chapter

2019

Daichi Mochihashi

Gaussian processes for recognizing Motions in robots

SICE 2019

2019




Daichi Mochihashi

Gaussian Process Generative Models for Language and Robotics

CoRL 2019 Tutorial

2019

Daichi Mochihashi

High-dimensional motion segmentation with semi-Markov Latent Gaussian processes

University of Bristol, Jean Golding Institute, "High Dimensional and Bayesian Inference toward Quantifying Real-World
Uncertainties" Workshop

2019

VAE

D1-24

2018

2G4-04

2018




GP-HSMM

6M-03

2018

2019

256

(Takano Wataru)

(30512090) (14401)
(Nakamura Tomoaki)
(50723623) (12612)
(Kobayashi Ichiro)
(60281440) (12611)







