&P

S N —

4

=1 —_ ol X0 =T [ LI N ® @O JJom s o N o o
i . Pag f49=d £l T WolgygHgE
ol o = ° X = o D o e J o8 XDy S o3 L
ol %_n_oz MWHIH n0 c mUmMonm_u._Lrﬂx._A_'ﬂ
M S o4 Mo Ki g P
T = == S oz B = S g & ouw o geor L
O R - o o TH S U g wgfay®inocs
"o = Aou;.mJEIMﬁTP:._o_Eo_'_ OH &Oo_eoqﬂoz._._m
3l & . © o3 RO & o A 10K ool
K o 8. <0 MH < o M o0 T o0 T K mp i
.O = L_lu_o_”_|h|Ao_._A_I,._.___||A = o m.Auo._OliﬂﬁouAl}lmn_/ﬂm
o o B Bk oy o = - oo Kl = = UK
oo B30 Ho B0 U of - 3 U Hr o 0 o ol 1Y
ar Hmﬁo_{mk?%ﬂ - 3] H o Ex gy Ea
:l SR MNEgYe % S woenswdap
< o3 Il = It o & 03 — 0= & B oo
o KO gy X of o BT s o = o Io
1_ oMy oRr 5B ™ Kin F X B oo 5o R
= = OF & oo 2 gn = = = oy KM= ok 1K KO <u
WO_..___erlm.Auof.m|_.A = ~ iofl ~ _.:._:L_|io_e
Lo o 5 oM - DR K m 7
Kz sl agi <0 T @K o= WK g K
M T X oF = R0 & Bl 0 = T~ @Ko s KM
= o = % 5 0 X ol KA
o 53 kn B g er B U S i B oz s~k oD
N - B = = - T T
N PR M OBO oo KD o ., K o Az oo 5l 5l
s e T W R KU R
O MAKIRGENTE FIETES WS W KT T
= Tzogpgoliize HodesRyYones
TS X TP Wx X & kI <V S o O -7 H ou 1K =
p S KB S S d K S M.l._lﬁ_ﬂ_uﬁ%%.ﬁoir_@mm:ip_
0 s X ®wEammw ga g X W00 )R
R e el Sl < 4 O =/ I Vs o= I
- of r UF  or m ww 1k S O Aoﬂ,winiﬁﬁ%E%EH
. Mo wgWoAomMas TaxEZdogeg30Npi
=0 = o K K =7 & , Rl 7= ol o OF
IK o o zn OF of gy K o = 7 I & o al o o0 g
BT = i N T Y N e e [ B
o W Hhgae T Rm HWE 5 E SR o
o —f - &l — K S g X0 - == D H o, — IK
pr3 S Fe I X EA_:TEEL. N o= I = oy o od Y
<n =3 Tl n l . ilod - = = K To o)) = o == oot
A Az = gl X2 0Bl 1 30 i Ol oF o
= PO RWMERgEeE WS E M aE g 2
) ) = ] = I =M =< - — O X
S %Eom%@w»&mxuoﬁﬂ:TJWEEMmﬁaAo
o =< O K T o gpa 2Rg L E DT M
o e R R R i e O R = T B
R o g2 Bgo i Gmo = IFH @
20 o 5 X0 o= E I 2 RS |
— <0 o = ol o T gr JU < _ o = = o = o] &%
|AL|&IEHAIH|LI| 3 — lmn:._ o nNn o 20 3
KON T RERD e o gy = o MR W B g g il O
mr_w_XDHO_EMAON%EDVEW@Exfmzlo_:_%%@,_ro%w_.
K sz o x T IR o ke Mo koo ™ oo Ko
wn <081 < ™ & T W owd ik Off o of w0 T # o = © & i’

30

ol

=

AL,

o]
0] & di7Y

|,

elstl
yN[ell
=

9

AESS

F

t

bio—inspired robot 412

[=2oil

HAXS0| WA Z

| —

22

pod
[l

o

EN
Soft Bio—inspired

0|L}

—

[

=
O
ot

834



Spring SMA Actuator Flexure Joint

Moment Arm

Glass Fiber Composite

\H
o
k=]
0
9'|_|

Q

Pt

[>

[ul

>

-

l2fet 0l gez oy t7{LEE HMET dH=Al=

20| 4y HES 0188 Y22 RO Bl ==

ST

o
I
m
=
o

A o

19

ok

|0
m o ror

Il

8]

m

o

~

=

on

2

It

o

o :
[=}

A

ot

H

=

ol

Il

10

[T

=
M
>

==

40 ox

T

{ 285 UEfUD, 0] A2t
MNESe= M 7IES| otte] HEs
UL} 2| YA HEE 0[2f Bl 7

0 1R
rot

N
]
K
£0
0 s

0x
mat
rr
(02al
oz
(@)

mo >

0x

N
P
1o
Hu
i
rlo
iy
b
njo
4
P
I
d
% &

O>—
é
1©
oo M
iy
njo
o o
_O'h

= T

2 o 2

mo o
>
]

> 4
[0 O

Hu
>
=]
mn

Q
o
Mmoo
oo
=
:Loj'ié
r‘@l‘H
- [
N
-

3

Hu
AR

Z2 22 A|AH0 X250,
7| lstof MRS 22 HE 7|
Aol M HiHLBS T5ts|
Alo| mot|oict

b
ol

0
0%

=2 A

= -

>
°©
0
N
mn
~
Rl
H
ﬁ
£
=
OE:_ O> ol

o M22 2

10
oi
M
=
P

7}. SDM (Shape Deposition Manufacturing)

SDM EZMA 7|&E 19904 X0l 242 rapid—
prototyping 57| /ot gforoz notE|of &M (QiC) 0] &|
X 72 Mgt 32 E= 0IEAR eSS MARFYo
M 20| 28ie + Q= EZS E2ICt 0]2{8H SDM 24|

A= Stanford T

MU

1o
°
=
Q
=
o
<
-~
o
()
o}
<
El

>
ol
=
Rl
0jo
|0
HU
tu

(ad 2)9F 20] 0] M=HA2 Ay M=t HY M=E
20| AfZ5l0 siLte] BEez 2s 4 Rl Tl AUt

Part deposition Part removing Part deposition Micro-machining

Part removing Part deposition Component

removing embedding

(O3 2) SDM ZZ A

N8 Thil= Ty & Rl 01Ol Uk
SDM EZMAS 0|25 MA|ZAIRE O 2= Stanford Cf

SO M Bh= e HiFE S

3 ofo] oiTRie e Sepis SXee Rt

Stickybot, Harvard CHSIOA 28i5H 258 201 SDM hand

S0[ Uk,

ol
mjo
2
B
et
+
g

I

Y. SCM (Smart Composite Microstructure)
oto|=2 H0|X ol 22l ¢
=t Sefajet 2

(@5)
O
=
=
P
~
>
= T[]0
In
=4
00

=

(I)-(lg my
il
Q'E
S
Zoup o
||'E' mun
L
Q'E

o = o W

° o

rl

rok

Pl

i

10

° ol

> Oph

ro
o r
41

[0 T

HU

> Mo

MRy

40
re
Q'E

ne Hr rr o
e orr

1A

|0

HU

~

™

1o

nd r!g\TJm

[ung
1=

i}
Y
ol
d
3
2
il
>
>
=
o
Ho
oY
-0
=2
>
ol
mn
=
4o}
[

10
Hu
ML
10
It
|l
mo
>
P
Q'H
rr
E
ne
o
=0]
-
mn
o
]

2
-4
ol
Q'I_I
u
>

0
0

re
P
ge)
m
\n
0
b
o
:>|; _|
2
=
U
b LIE=0)

< 4o
M =2
o o
= o
U
4 oo
JT ton
S on
o
4o &2
S gg
2 1o
- <2
o

Mo
= o
0oy
= N
o
1o 1
oy B
40
2 x

5 b
~
w1
=
m
ro
0z
ot
o
=
0o
Q'I_I
2 0=
.
0%
jil
nz

oMo
d
™
i

2= MAfotel= A=t S7tot
(12 3)0ilM2F Z0] SCM
15010 MAe2ZM 2
S8 AZoI Ay :
SCM HIx7|esE 0lg |ZPAIRR O 2=, Harvard Y
OIM MESIA, =AY HAMZM MZ22 HIelol| o
St MFI(Microrobotic Flying Insect) 2521} UC Berkeleyd|

S|
ol
k=l
0
rr
o
2
[=)
[l

n
PA
~
>
ro
i
o
=
o
M
it}
=

o

=

>~

(=)

(i

e

ox

% ;
Mk

)

=

no JH

r

S
S|

|
=

e
Nal
o
N
rr
=
i
=)
o

rot
0=

i

0 o

Joh

2t= DASH(Dynamic Autonomous Sprawled Hexapod)

=
O] ATt

on > Ok

Glass fiber
Laser Prepreg

Source .
U )
nated Kapton

(0
Glass fiber Prepreg

(O3 3) SCM ZZ A A

2011 1 FALFER] A3sA Mz 835

31

N



Y

32

836

OI‘

dHZAIZ RO Ther Lot =Y

| 85| Hazls St
soft

[R - O

S oz

Mol RegE HEE 4 QU= soft bio-inspired 201 tet
St M20] F=5 2 Qlot HEH|O| Ay HiAHLSS
A

St 4 9l soft b
S wm gt 4
2ARE0| RHEP| Ylstol AENRE 2RO 2H2
I 2 S5 Aolo] S BES TIBIE W

5 =R
7|= St 0|2f3t soft bio—inspired 250{ Chst

7}, A4 A5E ©]§3 Robotic hand ¥

Gripper
71 2R Ho|u 2R &9 2, 2HO SAYS A
OfgtoR 2t Y30l XIS TSI Hsks 2| 2
2 U2 20U 2R &2 Moot 2HIE e S
2ASIACE T2iLt HY M=E 080 SHE e o §
got 3lE dX[ol] 0|5 2R 20 HFoks 2ES HAIK
PA0t= 1 EX|Q] F7|2t 2U0l| R0 EXl= e A &

o
o
qI
o
oY

of X=st 4 9l= xtMo| QIck

(a8 49| (a)= FestoitO| M MZfet gripper2 T2
9| RISt SIS BAFE 4 IOt YEPMol 2Em=

=2 FestoO| A MIZSH BHA(Bionic Handling Assistant)=
28 2 X THP R S2Y 4 9lo0= Aol 2

(1l 4y AN THES 0|3t Robotic Hand 2! Gripper
(a) Bionic Hand\mg Assistant (Festo) fs] (b) SDM
hand (Harvard) . (c) Flexible robotic hands
(Yale)m, (d) & (e) Universal robotic gripper
(University of Chicago)®

Soft Bio-inspired 28 A7 %

210l S5 FR0|= orHe 4~ Qo 2EREO| Z0IE
LR R0 UF0 =HE £ Ql= HH0| Ut ES
20| A B20| X 72| o] SXUD IS5
Alo[7| mizofl EME 29| Feloll S0 HE U= &
Zg 29I, (b)E Harvard CHSHOIA HZfst 22401 SDM
handZ2M oA AHGH SDM Z2MAZ 0|50 &

Nt [

S MBI (o) Yale CHSIOIAM HZFeH SDM han
HARI 22 M2 T 48S 71 s A

M
ERETES

o

oy o W gp
u

N
Ral

AE THAS 0[5t A 2E of &712t mie, 4y
LIES MAEoRM TSt SXIE &84 HE 4 e ¢
S22 MEBIICE (d)2f (e)= APt Tt A XZfet g
O= MM U= FHUE 0|83t gripper2M SHE H=
Ol CiE 22 &0t gef &7158 22 HofaHR] 40 &
oot 2Ye| EXNEX| T + ULt Eo| Yot 25
Eh= Mo CHE HA2Z gripperE AAlSI0 &&et X &
of =g BFer Holch 0l2{et grippere IEQE AT
FOL7E 7HX|D Q= ReIME Z|tiet 0[Z3t0] ofmst <
2 2t Hajol|= M3 o U= gripper?| 52 0T
UL,

bio—inspired robot

dutboz ML 217I1E 2Afet MAZAlZRC] 4%
A ML 217]0] 9013t 2X2U2 DA 9Jsiof B
0] HZ01|0|E{Q} HES ARZSIACE 2Lt AH501|0|E{2F
HO| 5 2olHo=z =2 = Q17| UZ0] Ol=iet &Y
O=F MAE HHZAM=RO 4% SAYU0| 25| FAT
&S 2 # GleH, 0l2fet 0172 1es9 de= LIk
2 4 giQITh O2{Lt (OE 5)%f 20| Rt TAE X|=2
OjLt Z71 52 MAGHH, THES ZdS 012N 72
of SAYE Tl 4 U0 HH2ZAIZRS| 252 =Y
o QT (O 5)9] (a)2f (b= 242 Festortoil A & Aret
Smart bird?} AquaPenguinO|Ct, 2t MX|ZAIRZEC| D=

fat 2) S24S o
(c)9) ZS Drexel CHBloIA A3 2220
7j0Ict, 0 2% 817/ malx=afo|, SXIaf0], 157

HEO0| 7tsotH MAE 5 =0 d
oitt,
0l
Lojo| 5 A590] 22 S2|0l|lAH =2 HASI X|=2
A= S
o

0|9 RALS S7IAZL. (= = Sl Tt 12|
X2i0]e] 2ol e =X 2117| =3 Hsjol| tier 28
Z200[tt, I2|X|[=20[7} S20l= FOfof T2t 2| &
20| LEtLt= 440 *SH o, YEto= MEs| Fet

eIy

2 3z LfEfLHE A= i*oﬁe* + A, (@)= ORI



dorsal

S
=

©

pectoral anal
pelvic anal pectoral

('e) Bi-stable SMA Spring
Composite
: \

(12 5) Y2 MRE 01835 Y HFHLSS 78ist
25 (a) Smart bird (Festo)®®, (b) AquaPenguin
(Festo)™ (c) Biorobotic sunfish (Drexel)’®.

(d) Motion of compliant fin (SNU)“O], (e) Flytrap

robot (SNU)!™

2 2 Aol Zldtet ¢ Aol m2|X|=el S5
= DA 2X0ICh m2[XIE2 YO 2U0| F JEX| Qrget
A2 1 Y MOl= snap-throughE Sat0] O =
0|F0{Xl= E&E 7HAI1 QT 0] 2(of 25t Bt
FE 0|8 B8t F TIX| A2 7H & UESE A
ofe|Xl=el e SAIYUS o6IRICE 012 20] i A
o] 2= Mel g7, 2107|9] X=2{o|, AlZ9 Y= At
Ste R0 MECEM AY HHUESES FH6IRAC

oh 22e] BAS 94 AR BE

bio—inspired robot

TSote HE O MR Tdohs 499 Zal MY
N2RE HER AU0M ZH AHE delZ2at 22 AY
TES 0[Zot0d MEe=M Y o7 LIES +olsk=e &
He T Sl MEE A5 SHE MALZM A
DMNER THE ANAEMCZ FOstn 58521 2AYUS
Toig o Qe AR OIS 4 UCH, R SZ0) thet A

O= 4 Robojellye| Z2I40] x| sHitz|9f 2dnt 11 o

FHLZES 2|t Blash THEINCE (b)= A7k cislol

Pl
Rl
]l
rot
[
w
m
g
[
Q
3
3.
>
«
w
=
-}
m
>
QO
o
D
(o}
—
(@]
(@)
(@]
3
Qo
=
2
mo
°

- s BISMAC’s

i'/

l‘.

b
Fold

(0= 6y Al2|Z EES 0|&¢t bio—inspired robot (a)
Robojelly (Virginia Tech)™. (b) JSEL(Jamming
Skin Enabled Locomotion)2 0|23t soft robot
(University of Chicago)™ (c) GoQBot (Tufts)™!
(d) Earth worm— like prototype (Harvard)“s], (e)
Biomimetic compliant fish—like robot (MIT)“G], ()
Octopus—bioinspired soft robot (ltalian Institute of
Technology)"”

ron
19}

oft 220|Ct,

0|2 9 x
t

AT

10

>

r

2 g
r_l_

Hal
go o

= —

M 2589] 20|
El= TXE 7
A7|7| lstod Azl22

| Robojelly2| Z<2t OFRIZIX|
Afgelezi 0] RHNez 28
A 2Lt (c)= Tufts CHSIOI A X%
l2|Z02 Estod g FEeE
X ofelvt Zeite AXME 220
L}, (d)= Harvard CHEOIA AIZfSt XIF0[2] &

N
Ir
0o

Hu ™
il
o7
H
=}
0=
0x

|';‘>A_<R—IIIOtO

==
Hore

fo

Ny

ron
(@)

B4 o
H

b

>
oA
ol
4%
]
=

> 4 02
e

i
I
mjo

HU
> re
0x
=
Hu
ro

10
=
o
B}
oo
mo
Y
0x
ol

{

rot
(@)
o)
O
W
Q.
=4
= 11
il
[
>
N

30
H1
I
nx
X
o
=)
=

TTRNS
=]
N
+
a8}

201d 1 FRLFEYX] M3sA Mz 337

33

Y



&

34

838

Aels A 2R20ICt 0| 2R2 OE ERS0= Hel 4
2|Z20] ofd S Y2 01E5t0 ZHIE MZGIH RSt 2
AUs Foleitie At B g 20| gz g4y
olelg AF0I0/HE Aot Asolth=s E82 7|1
C} (e)= MITOIM HIZfSt SDM I2MAZ 0|86t 22 211
712N 71ES 2R S1UISH He| A SRE 1et
X7t 2E7t E7|= tendonofl Qlalf E2{X|H FHS 2

ot HEI2 ALY 0] Eot M2 MERCEM &

Aol FEeXl= SAUS FololRi, 0|2 Soto Hot Xt
gAgiz 207| 2AUS ZAY £ JUCE (e)= ltalian
Institute of TechnologyOfl A XIZfst EHE ZAfet 220ICk
20{9 ti2|E A2lZC= M6t 0| Moozl R

2E0f EgofEﬁ =AIE Y= As Box {lT) 0 S4=

2, ME22 M= 7leS 0|88t 2%

g HAHUSE Bl dHZAIZRS MG | Al
= Yol HAfet M22 HIE 7es MEstke A0| 2H
Aol XYl 28t RS HE= Ao Relott & 4
ULt Eol 28 HZAIZRS MAY R0l H=H M
22 HMZ 7120] HRolth YoM Ay =S 0lget 2R
9l 04% AE*E'S%EW LT AHEZAZR0[ SDM Z2MAS

ro
=

$0

]

o O

Y= 218 & CHE M2
2 I1|£ 7| 21 SCM &7 | tOd RIZFE A AL
ERE ofmst 24s0| U1
X} Sk
Q- NOIM = 4 UX0| SCM ZENAS
ot MY ZAIZRS0| JHY =D Qo 321
717} MYMoR HO ASElE 250|2k=
AT}, SCM EZAM|AQ| B 2ot Z22|H TLE
o Mot Eo 22l BES oY HE=E AMEdh
A

=
of ’é!%ol TR 377 2 EREAMZRO E%éﬁloﬂ

Ly

MFI (Microrobotic Flying Insect)2%0|Ct O| MF| EA_
23t 2719 MHBARE B0l RUsHA £ 4 U= 220]

Cf. ChE dA=2AlZRa 22] 0] 2R0] E + U= 0lRE
SCM Z2MAE HEI0 2RO| 372 FHE £ &
N

oF OfL|2t YA BHEES 02610 transmission HX|E XX

& 4 Q7| IHR0|Ct T2t MRl 229| H74%!

LZ0|L} HF00|EIE $7+8+II o A me|o El
ZI0F I FEE 2 QUL (b)= UC BerkeleyOfl A X|
XISt o2 J1Z0| SCM J@MA; XI&HEl DASHZH= 0|

Soft Bio—inspired 28 A7 TY

airframe aotiator
Y ULy ULy LU
|

0.5mm

4.2 m/s

(32 7) SCM M= 7| 52 0|28t bio—inspired robot
(a) Biologically inspired microrobotic flying insect
(Harvard)m, (b) Wing—assisted running robot (UC
Berkeley)[‘g], (c) Programmable matter (Harvard)m],
(d) Omegabot (SNU)[20], (e) Adaptive gripper
(SNU)P (1) Flea—inspired robot  (SNU)?

59| 220 GIHE 226t Fe= AS EXots MAZAL
ZR0|tt. (c)= Harvard CHSOIA HZfeE EX5F ZYo=
Hol= EEOIE# 0] 22 EX5t MHE At 222 0t
LIX|2t C}2 MEZARED 20| SCM Z2HAZ 0|25}
0§ XZfat04 O:Véj HES iRtk SSE0I UL 0l 2R

2 g WES 018010 22| 2t FES Hot= ZYo=
HoM ChYst 722 Mg 2 Qle &Fo| Tt 2249
Holz= H22 HERCEM 22 AEE OiYst Yoz
HSIAIZ 2= QU 0[5t FAE Motz A2 SCM LEA
AZ 0|Z510] Sy HES FoIoHK| ZolctH 71&9| o
HUBCZRE US| 0AHE AoICE (0)-(f) 25 2 S+
A0 M=ot MAZA 280 (d)= AtE2e XU
DAFSH OmegabotO|Ct, K12 S AU UHHHOl oz
ot g2| 22 TE2M 0 2YUS UE0A MXISICE 0]2{%t
SEUS oioh| lott] Seirtet 220 ES 018510
FXE UED 012 a7 |Yela AZZoR AFHo=MN
el 2A 222 MBI 2 229 gXls o] 22



of 27t oLt MAHe=
Ol= SCM Z2A| AL AEG Al
= QloH7[ ffal 22F st 7K
UEE CIXRIEAT[0] F210] 752 4= AR
49| 4—bar 27 |X|2} SHt2| Spherical 6—bar
LtOl AEO] 7HoI=]0 O SH|IQ & HZ w2t
29| SAUS Foig bo(e)e= Aigel7h RAle|
£ 083t =HE £ 2Aot H8 |
adaptive gripperO] | gripper= X7t K¢
2i2t0] o1y PHS QlotAf BiZiBo| nEX
AI=IRACE. 0| Gripper
to1 X=(Buckling)
o S M35t HixIE
| 2O gripper
UM, HLt OFY
UL ()= HEO

MHZAIZRO]

Qﬂ
I
1°
1
il
=)
i

Q'E
+

50

by

kI
)l
ro
o Il

I
OF OiH
10

i
ol
_l'__
1©
re
=2

rr mo OH ¥
i 4> o

4

0

B o
N
~

Rl

o —

Bioob

s
S
1

_|

M

o

w2
rr
o
m
I
rd

[l

m

(@}

|
=

=
OF

ol
Q'L
S|

8

=)

o 4
ox
g

4> U
Jhu
nx

Otz grippingS &
Z01 7 1A AAA T
(o]

s

rgr 1
or X

¢
[val

=

ol
rr
o
0
r

n
I
mjo
ro
N
[m}

0.

o o
00
ol
=
0
=
M
-
oMy
o

or mu

Uy mo g
d

_”-0|I ’——Ouﬂ
WU T

A o
g0 I
|_|-|
Jhu
U 2 0%

-

4 Lo
=)
r

mo 2 &

Ol
R
4 e
o >

N A mo TR
%

N

_‘_H
rr
o ox
o
sl
1> ¢

=t
Mok

AT
Jzn
Q'E
kl
=
i
il
2
Jal
)
ro

J

|
2

(@]

o
~
P
1o
o
HU
il
jn
=4
H
m
to
o
[>
[=]
o
2 on

FO oH
i
I
H
il
rc
=2
10
%

x

o g
[l
=)
o
Hn
g
i
[al]
1
=
N

-

4.
oy =

>

AT 0l
_O'ﬂ

N

il

|
mnorx
N

il

a

njo

>

0p

Q'B

hvd

>

Il

all

Q

0

il
o
ro
=
2

I=!

> o
o0 &
Qﬂ

Q'E
oH
N ﬂJ|O
°

¢
o
o

A
e
=2

o g

g re |-
> U
ﬁm— ro
!

N

oo O

U

w

s

rr

il

=

N

= \J

njo

(=}
o
my
k=)
-
ook
0=
)
>
[
il
1o
oM
-0
rQ
ox
=
N
il
HOo >=

o R
2=
HU
Ho
=
P
o0x
rE
o
w
O
<
[=]
Hu
2=
[>
il

o g2 O
o

Qb g
~
>
]
rn
0=
é
o
>
HU
bl
1o
0x
olr
A

o 0o e
o ol
‘9_
O—lO
2 3
~

~
>

[0
=
00
x
>
]
rn
0=
o
>
Hu
palil
HT
iml

SSotAH

0 1o
i}
2
o n
0x
or
o

HL
o

£l

0
m

SHREMZRO| G G2 LT cher Al=ot &
e Uk I B0 Y HFHLES Sef soft

AT g% 20| M52 588 4
I T x

HU
il

inspired
o

il

rot

re fmjo
oz g
=

N

-

D||H

o =
KU
L
inS |
_\‘1_._'_
T o=
— W
Hu =
i Hu
2 Mo
mﬁ[ﬁJ
1o
o =
I
NoTr

nx
Rl
2
un
i
4e)
Al
k=l
glzl
|_|—|
rr =]
e

9
2 7LES 018 +
FoAo| Wz 2|7 o Ll 243010
Of FelotA ®Mofatr[7F 22 2H7t *lot o

S M
m
-

-
(@}

]

t X
Ofst= A0| BIEA ER5IH, 015 #5E 4 e QI8E=
o 22 M2 B0i|0]E{Q] JHE e E5H HAE(00F & A
OCt & CHE SHORE 0/2/8 HFHUES QR Mt
o 4 s M7 I0] tieh A HAllEooF 22 Ay
HFHUES =&t Soft bio-inspired 220| S 20f0{ A
=

[2]
[3]

[4]

[5]
(6]

[7]

(8]

[9]

[10]

o

A
re

il

Alessandro Crespi, André Badertscher, André
Guignard, and Auke Jan ljspeert, “AmphiBot I: an
amphibious  snake-like robot”, Robotics and
Autonomous Systems, Vol 50, pp.163-175, 2005,
www bostondynamics.com

Jorge G, Cham, Sean A, Bailey, Jonathan E, Clark,
Robert J, Full, and Mark R, Cutkosky, “Fast and
Robust: Hexapedal Robots via Shape Deposition
Manufacturing”, The International Journal of
Robotics Research, Vol 21, pp.869-882, 2002,
Kyu-Jin  Cho, Je-Sung Koh, Sangwoo Kim,
Won-Shik Chu, Yongtaek Hong, Sung-Hoon Ahn,
“‘Review of manufacturing processes for soft
biomimetic  robots”, International Journal of
Precision Engineering and Manufacturing(lJPEM),
Vol 10, No 3, pp..171-181, 2009,

www festo.com

A. M. Dollar and R, D, Howe, “The Highly Adaptive
SDM Hand: Design and Performance Evaluation,”
The International Journal of Robotics Research,
Vol 29, No.5, pp.585-597, Apr,, 2010,
Technology Review's TR35, Aaron Dollar, Creating
flexible robotic hands

E. Brown et al, “Universal robotic gripper based
on the jamming of granular material,” Proceedings
of the National Academy of Sciences, Vol 107,
No.44, pp.18809-18814, Nov,, 2010,

James L. Tangorra, Member IEEE, Anthony P,
Mignano, Gabe N, Carryon, Jeff C, Kahn, Jr,
“Biologically Derived Models of the Sunfish for
Experimental Investigations of Multi-Fin Swimming”,
International Conference on Intelligent Robots and
Systems(IROS), 25-30 Sept,, 2011, pp.580-587.
Yong-Jai Park, Useok Jeong, Jeongsu Lee,
Ho-Young Kim and Kyu-Jin Cho, “The effect of
compliant joint and caudal fin in thrust generation
for robotic fish,” Proceedings of the 2010 3rd IEEE
RAS/EMBS Intermational Conference on Biomedical
Robotics and Biomechatronics(BIOROB), 2010,

201 1 FRLFEX] M3sA HuEr 339

35

Y



&

36

840

Pp.528-533,

[11] Seung-Won Kim, Je-Sung Koh, Maenghyo Cho
and Kyu-Jin Cho, “Design & Analysis a Flytrap
Robot using Bi-stable Composite”, Robotics and
Automation (ICRA), 2011 |EEE International
Conference on, pp.215-220, May, 2011,

[12] A, Villanueva, C, Smith, and S, Priya, “A biomimetic
robotic jellyfish (Robojelly) actuated by shape
memory alloy composite actuators,” Bioinspiration
& Biomimetics, Vol 6, p.036004, Sep., 2011,

[13] E. Steltz, A, Mozeka, N, Rodenberg, E, Brown, and
H. M. Jaeger, “JSEL: Jamming Skin Enabled
Locomotion,” in IEEE/RSJ International Conference
on Intelligent Robots and Systems(IROS), 2009,
pp.5672-5677.

[14] H.-T. Lin, G. G, Leisk, and B, Trimmer, “GoQBot:
a caterpillar-inspired  soft-bodied rolling robot,”
Bioinspiration & Biomimetics, Vol 6, p.026007, Jun,,
2011,

[15] Sangbae Kim, E. Hawkes, Kyujin Choy, M, Joldaz,
J. Foleyz, and R, Wood, “Micro artificial muscle fiber
using NiTi spring for soft robotics,” in IEEE/RSJ
International Conference on Intelligent Robots and
Systems(IROS), pp.2228-2234, 2009,

[16] B. Epps, P, Valdivia y Alvarado, K, Youcef-Toumi,
and A, Techet, “Swimming performance of a
biomimetic compliant fish-like robot,” Experiments
in Fluids, Vol 47, No.6, pp.927-939, Dec,, 2009,

[17] M. Calisti et al,, “An octopus-biocinspired solution
to movement and manipulation for soft robots,”
Bioinspiration & Biomimetics, Vol 6, p.036002,
Sep., 2011,

[18] N. O, Pérez-Arancibia, K, Y. Ma, K, C. Galloway,
J. D. Greenberg, and R, J, Wood, “First controlled
vertical flight of a biologically inspired microrobot,”
Bioinspiration & Biomimetics, Vol 6, p.036009,
Sep,, 2011,

[19] K. Peterson, P. Birkmeyer, R. Dudley, and R, S,
Fearing, “A wing-assisted running robot and
implications for avian flight evolution,” Bioinspiration
& Biomimetics, Vol 6, p.046008, Dec., 2011,

[20] E. Hawkes et al, “Programmable matter by folding,”
Proceedings of the National Academy of Sciences,
Vol 107, No.28, pp.12441-12445, Jul,, 2010,

[21] Je-Sung Koh and Kyu-Jin Cho, “Omegabot:
Crawling robot inspired by Ascotis Selenaria,” 2010
|EEE International Conference on Robotics and
Automation (ICRA), 2010, pp.109-114,

[22] Gwang-pil Jung, Je-sung Koh and Kyu-Jin Cho,
“‘Meso-scale  Compliant  Gripper Inspired by

Soft Bio-inspired 28 A7 %

Caterpillar's  Proleg”, 2011 IEEE International
Conference on Robotics and Automation (ICRA),
2011,

[23] M. Noh, S, Kim, and K-J. Cho, “A Miniature
Jumping Robot with Flea-inspired Catapult System:
Active Latch and Trigger,” In Proc, International
Workshop on Bio-inspired Robots, 2011,

() w=x

19971 39~2004d 29 A2 FEAL
2005\ 9E~AA A2 AR AE
20035 129~2005 49 AP wbeAlSE 2
2005\ 5€~2005'd 8¢9 Atetista AW AVAEEA
T P
(FEop Biologically Inspired Robotics, mechanisms
using smart structures, medical robot

L3

1992 39~1998d 2 A2tf] 3L

1998 39~20001d 29 A&l FAL

2000 99~2007d 29 ML T, &3P}

20073 29~2007d 5Y Post Doc, MIT,

20073 68~2008%3 7Y Post Doc, Harvard Microrobotics

Lab,
200843 9¥~3A) Assistant Professor, Mech, & Aerospace
Eng., SNU,

(I 2op  Biologically Inspired Robotics, robotics
systems using smart actuators, novel
mechanisms using smart structures, and
rehabilitation and assistive robotics





