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Synthesis of motion representation based on geometric operation in the
stochastic space of motions and language
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Language is absolutely essential for a robot to be implemented into our

daily life that lies on the highly sophisticated intelligence based on symbols and language. In this
research, we have presented a stochastic mathematical model with multiple hidden layers to

represent the association between human motions and their descriptive language. The motions and
language set to the input and output layer, respectively. The input layer are connected to the
output layer via multiple hidden layers, and the connection is specified the probabilistic
parameters, such as probability of hidden state being generated from an input. We have derived an
algorithm to optimize these parameters. It implies than the association between the motion and
language can be extracted as the distribution of hidden variables in their space. This model makes
it possible to convert motion data into their descriptive sentence.



B X C—19. F—19—1, Z—19 (Jtm)

1. WFZERRLA S D7 5

AN OHEDORIIIFE S - S8k ThD. HAEEIV T, R bT52 & THEREIML,
SHICEERHEGREMA LTSN TES. vy MAZOANBEHERICRET DI, 25 -
S LA LERA R TH D, FFiC, NHEA XTI a B ROINTRNLERE L I
ﬁémﬁybmﬁwfﬁ,kﬁmﬁ@%%%‘é%&bfﬂ%ﬁékiﬁ EDOFHLA DR D 54
L2THAH. NHOFKEEZ 2Ry bOFRICES L CRllE - 53 288 o5t d <
DOITHONTE 2N, BRITERT — ¥ 2Rk b T 5 Z EICEZX 22BN TCEERH 5. K
WotZEM L CcoERE ST, 4T L H AMPEKMICHEME TE 5 b0 TR, %m%ﬁﬂmb
Tala=lr—valsiT 52 EIxREETH LS. Y cEbh CERIRG L BRSE
EEESTAZLICkoT, A EHIEY - S5 %Lfﬂ\1ﬁ7—V5/f%5HT/%®ﬁ
REDNAEEND Z ENHIETE .

2. WO HB

AN D2 E8 XA RET — % OEGHEO R TH 5. —J7, SFEITHEIEN ORI
LEERIE O SR TH 5. il & RS O RE A R A BT D Z LIS HAN IR EE S 3 e, R
FECERHINDERT — X T VIS TEE T 5 FikwmE, EE#T— ¥ 2RHAT DIk
HWRET NG A—FERFATHETHD. RBERTT ML, NTA—XZEMORE L THD
ZEMTE, ZhiF— @@%ﬁ%ﬁf%é ZOBERERICTH D EBELREZ LT, EH L FiE
T B SHUPHIRS A T 5 Lo T, NHloeEE#E HARSFEL CHMT 2Ry
N DFIRE D HAR A AERS D . é% ﬁ@&%% BT T ML, ﬁ@%a%i %fwﬁ
b i fbf%ﬁ?é k#f%é NEEREZWET L LIk T, B8 L-Ed) - S35

WAEFHDIZLRNS, ”éhfw&w$@°i$%ﬁ$jTT%M?é EHAEL 72D,

3. WDk
ANHOHRES L, 2HOBEESAORRIESLE L TERAT LI ENTE S, ZoEfT—4
%@ﬂ7”37%7W%ﬁWT%ﬂT5 R, EET — X NAER SN DOMERNRKRE D X
RN~V aTETNONRT A= ekt 52 YT 5. 62, BB LEERT —
&% %@ﬂ7w37%TWWEEW§ﬂ5%4%#%L'ﬁ#ﬁ#ﬁ%mW%TW&LTA%
T5HZENEHRRBTH D, 2D X ) ITHEAMEEE OFsE A %of@%%ﬁﬁ] T DHZ L

EERFE AL EINT=Z LT d. 612, EHCEORREERESEIILBT H20 :,@@ﬁ
75‘& §§kl:lﬂl:l FU\O&‘J—}:)@LHJF%&@:E‘T/V%TE ‘j“’:)

BRI O, EER S NANE, CEROHBENHDBICRE S, TR oA NEE
ZEDBNEZBNERDIT 2HMEEA LTS (K1), ET AT A—H L, EEREE»5
FENEENER SN DR, BNEEDORNEENPAER SN DR, FRED G BGENERK
SNIHERTHD. TNHHERIRT A= %, FEHT —X ThHEHN S LEPOEZENER
SNDMERNKERD LD IChEbT 5. ZOREEFHEIT, RTA—ZPEETHL LV
B A SR LT, BIEHER LT AT RAOINHEEIZ L > CTEMT 5. BREROSH %
HETHHERL, TONMICHES T, HRART A —F 2 EE~EH T 2HEEBR YIRS Z L1
5.

=
=
%)
=
ol
g
(%)
G
ol

P(s™] s®)

~~
<
:(D
—
[alf

Motion symbol
Words

& Hidden states

['\rf
il
%

% 1. % hE SRR T L O E

P



thﬁnJr:ET/l/ HED &, BIRAILIEBROGEEZATIE LT, BNEROBHNEEY,

AN IS ERHBENER SN DOMEEFETHENTE D, T7hbb, ﬁ@&%ﬁ@m
w% CHFEAEMT D Z LN TE S, 2R OEE SN HEL, SUERICHEOEIER AN
STIWARFEZDZEITEH-TC, HBH A2 LREIZERTHZENAREE D, 51T, ﬁ@ﬁ?ii
KIS LT, ETVNOBNERODANFAET DI LI, TONMHICEEENZDZ LI i
\CE T, Fil/eSHERBAZAIL Z ENAlREL 2D, BlZIE, 2 2OFEERIICKHIGT 5B
DA & WNAF - SMTERIE L C, #iizeBnB¥nfiz Bl L, Zhic %owfg%%ﬁ%@L
TEHZENTES.

4. WFERCR

AN OHKER 2 HFERE— a vy 7T X VAT AL TRHIT 5. #BREITRE D
FTONEHNEEITHS~—I— DM END, aRT 47 ZAOEHFHELZE L C2F O
MAEWETEXS. ZOBES[OBZRIZENL~La 7ETFALEZHAWCESRZEEZ2FE L, &5
2, KEBET — X% L CATRICTRAE 5 LT, ‘ﬁ@iﬂﬁ&ﬁ%ﬁ@ﬂ‘%ﬁ?j*&ty k%
BELZ., ChizsET7—2 L LT, EHE L SEOMFET VOFEE 21T 7. R HE
fﬁ,%h@@%@%z(%1E®%nfﬁ®ﬁi1oo,%2%@%&%@@@@50)eL
TG A DFEBRERIZONW TS, 7o, 8 L@ T — 2534 7 1{E, HPICEL76 5
8 GE#IKIL2 5 9HEE) Thot.

X 2 \ZEEh T — 5&%2}%6ﬁ>5iﬁkéﬂf:iﬁ%ﬁﬁ4®ﬁb‘ﬂlﬁ CHRATH. TS BRIk
LT, “a student jumps”, “a student leaps” &9 RSN AR I TWS. X 51T,
6FBDOXETL LT, “astudent jumps forward” & [Rij~] EWHERBENEMINIELAE
RENTWBZ ERbnD. £ BfEICx LTIE, “a student runs” , “a player runs” &
W) BN 2R BB SR AR STV DL D B iﬂfcﬁéfﬁ, “a player walks” &\ o7z [H:< ]
FHAEAWEXEL ARSI TWD. BREEOSAD, “run” & “walk” BELE LTS Z &
EARBELTEY, )\Fﬁ@f@ﬁ&/\ﬁbtf%wﬁ%%%fﬁ’Cl/\é EMTHETES. TR
U hrET A BIEICR L TIE, “a student plays badminton”, “a player plays badminton”
EWVO YR LENAERINLTND I EDHRTED.

2 EEE) & RO BRI E S T T v J:O'C%Ifj@%?ﬂ/ﬂﬁﬁ_éjﬁﬁ%ﬁ'ﬁ% L7=. AJ
J& OES) & 8O BEEZ RS BT 2 REE TH D, EB) - FEAUVRAE - B AR A
Wb d 52 L2k - T, Elh & HFEDORME 2 L, \_@ﬁn{’%ﬂﬁ%)ﬂb\f [IEY /NP3
MVERRTE AT EERLE.

a student jumps a student jumps a student jumps

a student ]eaps a student leaps a student I’Faps'

_a studenc arries baggage ﬂﬁ# ﬂ:ae';¢ agf' a student carries baggage
2 kg ~———. 85 ztnzajiL RSN

a student jumps
a student leaps

studen ¢ carries baggage
i—s del ks~ —— =

a student runs a student runs

a student runs a student runs
a player runs a player runs
gla yer Walks [* a p]a yer wa]](s a player runs a player runs

;‘.’&' trrderT oL a p[a yer Wa]ks
me ({112 7
7—:;—:1&61113\
—a de o
—a T a };Bia Ker makes B dal .

-2 S’tude a stua‘eut [

“a btudent l ap

ﬁ_dﬁnf ap

a student plays badminton a student plays badminton a stude.
a player plays badminton a player plays badminton a player
ks ) a student

IH.YSb bsdﬂ?if tor 4 student plays badminton
s padminion a player plays badminton
a student Wa![(

R 2. AR EE A b A e B 2R



5 4 0 4

Wataru Takano, Yoshihiko Yamada, Yoshihiko Nakamura Vol.43, No.4

Linking Human Motions and Objects to Language for Synthesizing Action Sentences 2019

Autonomous Robots 913-925
DOI

10.1007/s10514-018-9762-1

Yasuhiro Ishiguro, Wataru Takano, Yoshihiko Nakamura 32

Bilateral Remote Teaching and Autonomous Task Execution with Task Progress Feedback 2018

Advanced Robotics 311-324
DOI

10.1080/01691864.2018.1441746

Wataru Takano 50

Annotation Generation from IMU-Based Human Whole-Body Motions in Daily Life Behavior 2020

IEEE Transactions on Human-Machine Systems 13-21
DOI

10.1109/THMS.2019.2960630

Wataru Takano, Haeyeon Lee 5

Action Description from 2D Human Postures in Care Facilities 2020

IEEE Robotics and Automation Letters 774-781

DOl
10.1109/LRA.2020.2965394




Wataru Takano, Yusuke Murakami, Yoshihiko Nakamura 124

Representation and Classification of Whole-body Motion Integrated with Finger Motion 2020

Robotics and Autonomous Systems -

DOl
10.1016/j .robot.2019.103378

12 4 4

36

2018

Wataru Takano

Robotics and Artificial Intelligence for Human/Robot Movements

IEEE International Conference on Robotics and Biomimetics

2018

Wataru Takano

On Human Activity Dataset for Humanoid Robots

The Workshop on the Latest Advances in Big Activity Data Sources for Robotics & New Challenges in IEEE International
Conference on Intelligent Robots and Systems

2018




36

2018

Ikuo Kusajima, Wataru Takano, Yoshihiko Nakamura

Incorrect Label Detection Using Convolutional Autoencoder in Labeling Task of Optical Motion Capture Data

The 2017 IEEE/SICE International Symposium on System Integration

2017

Wataru Takano

Statistical Translation between Human/Robot Behaviors and Language

The 3rd Japan-EU Workshop on Neurorobotics

2017

Wataru Takano, Haeyeon Lee

Action Description from 2D Human Postures in Care Facilities

IEEE International Conference on Robotics and Automation

2020




Wataru Takano

Sentence Generation from IMU-based Human Whole-Body Motions in Daily Life Behaviors

IEEE/SICE International Symposium on System Integration

2020

20

2019

37

2019

37

2019




2019




