2023/10/13

=GP

3G e 0T phdhunky bORTF4T5Y
0pd T RS

BARS BT MMER T AR SEERR

[\/\ ﬂ % /_\[-\ EHORY Y 2T LRE GHUMRE)
Z= N

It

= ARy MARE
EYPRBRORY b, V7 bART 1 IR,
HCI: Human-Computer Interaction, 7/XZ —RAKR v k

= BERE Ao
- HERKAZF L 010%) —

C YV TTE - EBBEBAKY b i

- ¥YFa—tyVIRKFE HEE (201045~2014%) 4
s BHEDB TSR Illil- pay ST

- EIRITEBARY b

- BURAY AN (20146~2022%) ] miTMECHE
- BAKY HE (2022%~) 11
CSAIL
.

-
MITMEDA LA

ARy bk s FoaRy k
= 0Ky kORE

- ARy FENAF T /AT =& NEARME L TEBEINT
- FEE (7077 LHEAR) LEAEDEDLILT
Universal (F6E) & Versatile (Zf%) Aiige L TR i
- ROBROART A 7 ZAO—REBSIOHNY 7 FART 4 7 XA TiRAELH

~
1920 1960s 2000s 2040s 2>
] T A | )
@ a8
\ YASKAWA

i 3

Rossums Universal Robot Unimate (Unimaton) Versatan (WMF) UR(Universal Robot) : :

htgs i fanuc o paloroductiobot ¢ arge i p vip




2023/10/13

N—FaORT 47 RDEpES

= Motor skills + finite state machine? EH#?

BmEory b

i
Kuka, LBR IIWA Rethink Robotics, The Baxter & Sawyer

o Y

e e . - A
Kawada, Nexhge ABB, YuMi Fanuc, CR-35iA

8
RFRA A FENEAE BIAEEREIC L B 0h bh & DR
= ETUERE) = ANZHNEREDORR o TIE
_ BERRICADND — 32MARY b TEFKY b Kojrot evor, 2018) :»6
— IR IER DY) &0 ‘1' t
— %GR IBREDREICT 7 F 1 T—XH2D
= SEA (Series Elastic Actuator)
TOF 2T —XDHEAMIHEEERD
T F 1 T—RAEBMT LN AEATEE
— AT M. AET 4 — RNy JHIENCEEE .
Geaper f——AAAA—— Losd FREE FORM LOCOMOTION
COMPARED WITH DISCRETE ROLUING LOCOMOTION
10

V7 bhaRT4 IR

ZEMRIOREFE LB/ ICHIAT 2 2L T
ARy + OEECHEEERL LS & T 2FMHE
E O BOARVLEREARY MCERS AL

ZEHM R OBIER - L2 - BRY - LBHWE

[Stelizetal, 2009]

\
é-

S
T

(A= & [Pbhohn] ZFEWIAT

= EMERT. AR v b OME - RETOBRE LIS
- SEP B TTX b T B HEEHEA

T AY
&\ *‘bao \&2)
2\ ®

. oo
2 e
wkagy b prwaKy b

V7btaEF4o2R

12



2023/10/13

BmEWERbhLAVLARY b ?

= =X ABEARY FoHE
- BEBaRry b, Y—E2O0KRy b
— ABvs. ARy k&S MESRH, S ORHD
ABICFY RN, ABORBNELKRL TN DHFE
= BRORE  RIMRE QKR Y ~ORR
- ARy bOEY AN ED S
BAFHRORRE. TYEL7 77U 5= ay
- ORy bOBRYANEDLD
YIal—rar, BRPE RHLXIFI/R
- EERAORY b (GRELE-S4BHLZEH) LIxERIERBE

N—FKvs. V7 k:

HHT I F2IT—4

= BlED 75 B

= [EfE, I

= TOFaI—% EBHER I7z04
DRI NTEY
HEAILTHERN AIEE

= BHH. ARE

=L KR

@

TIFa1LT—RDF

VIZ7ETPVFaT—%

A Tk LRk

Z. FICTE R U

= TOFAI—RERTAD
—ffELTV?

HEE, T Oe—#E BROEE
fE ALFRIG,

RO R TGN

55U, /AL - R

=8
-~ §

Flxible Microactuator [#53%, 1989]

13

MEE BHIBEIC L 5 Ph oA &

= PhoALERL
IFRMT— T itk Ok E2R)
= PhLAVNEEE - &
AR (W R VA 5707 7 =
XRZTYT I

PHLHWVWEEDF R

= ZfZm ni ormation
Z5H2 mechanical deformati

- ERkel

- BELFHEHEEICLDRES (BELH)

- BT ILE— OB - Bl

- " o= .
E3SER F
g{?’v :
XSS : a
=
T ) e
EEy B Pt A Inflatable Ar J; G Crawli d Ju Soft Robot
nfsable Arm amming Gripper Tawiing nd Jumping Sof Robot
o [Sanan et al, 2011] 35M9p|;§5 !Magvsuyma‘:m/g,2007l
N A= vV7bREy FIETS
FRALHRE 7 b c£3H
ERNOHNE e e
By 258 = POSIUDI)
= —f{&ft U7hOKR ﬁJ e
- AYY MMe, BEOERADE e & S—
- REBOLVED OH TEMAETIR, £U~ 0BT < 25
. e .
= Z1t transformation %% ﬁ |
— REE - - REINEDD @] b ORI NIV Y e A S
EEEROMBERE, H72REB, B - BE - [E P IV SRR ' - . (e#RA. 2016%) (@FRE. 20185 (NTS, 2022)
- R, BEEE 10 S ad A R TR o
N . (- L3k, 2023%) DALY
- ESRRE. HIL. BB TR
N = |
= R8E =
- Btk | :’;\;[’S;‘efxrr
— Morphological Computation : L BRIIER Robots Koichi Suzumor, Kenjiro Fukuda,
fyume Mo, Kone fevalima £ o HA0%y LFER
e Science of Soft Robots" L FAL RSy afy N FTy
(Springer. 2023) (v e st sy

17

18



2023/10/13

Y7 ARy bFEAF BXR

FE v7rafy o

03 BifERHy bhBOY 7 haHy HERE

BUE  BROEOBEL RIULE
EIE RMREET YV

11 v7haty tohs

12 FifEay ¥

13 EWE

B2 PhodLMEEHRL T2
E3E Y7b7IFAT-%

31 Y7 h7oFaTo2ER

32 BEV7FTIFaT-R

33 AAVRBEEHFT I/ Faz—8
34 DEA

35 MCELEHE

36 @R IFaT—%

AR PhohLEYY

41 PhibALE Y FOBASEEER
42 fEie Y

43 pREEEYY

40 BEREELY

45 SRR Y

46 xPEY

BB V7 Ay FURFLORHEHE
WSE WaHE LR

51 v7kady koo

52 V7 RAN=Zh

53 EMWHAH=ZL
54 307> #ERLEY 7 hagy REHE
55 WA

56 5 — MRk BT

S 7 bRy FORAREEE B

64 A>7L—8TLAKY b
65 {AENES
66 MiTEEH
67 EKiEE

SpringethRTF¥ X b 7w &

PhonrLWERFHEL Phodbherd— BRIREBT L, SMFNLTVy F¥R
TLBREDABRLMb > 2k Y HEVAR, PART I~IlID 55,

PART I: Design of Soft Robots -
Chapter 2. Soft Mechanisms g-
— 2.1 Deformable mechanisms (Kenjiro Tadakuma) The Science
of Soft
Robots

— 2.2 Typical soft mechanisms (Hiromi Mochiyama)

Chapter 3. Biological Mechanisms

- 3.1 Robotics-inspired biology (Takeshi Yamasaki)

~ 3.2 Musculoskeletal system (Megu Gunji, Yoichi Masuda, Akira Fukuhara)
Chapter 4. Soft Manipulation and Locomotion

~ 4.1 Soft robot hands (Shinichi Hirai)

~ 4.2 Continuum arm (Ryuma Niiyama)

~ 4.3 Peristaltic locomotion (Taro Nakamura, Takuya Umedachi)

~ 4.4 Aerial flight with soft components (Toshiyuki Nakata)
— 4.5 Aquatic swimming with soft fins and body (Hiroto Tanaka)
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Robot Architecture
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Locomotion (T&EhEE)

= “Artificial” Locomotion
— Wheel, Continuous Track
— Jet Propulsion (gas)

= Terrestrial locomotion
- Legged
— Limbless crawling: snake, snail
— Rolling: caterpillar
= Aerial Locomotion
— Flapping: bee, bird
— Gliding
= Aquatic locomotion
— Flotage: water strider
— Swimming : fish, eel, dolphin, salamander, penguin
« Undulation
« Fin
— Jet Propulsion: squid, octopus, cuttlefish
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The First Steps of a Robot Based on
Jamming Skin Enabled Locomotion

JSE
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Jamming

= Granular, fiber, layer/laminar, beads
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Hack Rod by Primordial Research Project Autodesk,
and Bandito Brothers, 2016.
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Musculoskeletal Robot
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Braided-fiber
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THE A
Pleated PAM (Nakamuraet ., 2009)
Warsaw-type, 1968 WAP-L1968  [Daerden et ol 2001]
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Approaches to Human Motor Skills Musculoskeletal Robots

2002-2010 2011-2013 201 {l—present
Embodied Layer Controller and Planning Layer N\ .
= Biomechanics - Well-f‘lefined movement ot \cmwswa
= Passive Dynamic Walking e.g. bipedal locomotion \ Niyama et ol ICRA 2007] i et al, ROBIO 2018]
= Sensory-motor coupling = Torque, Angle, Posture Niyarss 8o CLAWAR 200 oo A SN 39kt ot o 15 2017]
= Uncertain environment
= Emergent behaviors
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Elastor [Hirose+, 1983] OctArm Walker+, 2006) STIFF-FLOP [Ranzani+, 2015
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Composite Flexible/soft
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Extensible Soft Actuator

= Muscular Hydrostat
BB
— Muscle-filled hydrostatic
skeleton

helical muscel

radial muscel

longitudinal musde

¥

OC Robotics MiRoR Project

= EPAB (Extensible Pneumatic Actuator with Bellows)
[Yukisawa et al, ROBI02017]
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Inverse PAM Conti
[Howkess, 2016]  [Hammonds, 2017]  [Ansari+, 2017]

Hydro Muscle
[sridar+, 2016]
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[Yukisawa et al, ROBIO 2017]
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Ceiling Continuum Arm e, rosotaors

Pulling out an umbrella

Throwing a ball
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Maze Tasks (feedforward control)

[Nakano et al., 2022]
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WPI-CMU team
Atlas robot with inflatable suit
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