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Design Study of 3 Segment Leg with Stable Region at low
and high Speed Running

A 2 4o 3
Kwon Oh-Seok!, Lee Dong—Ha2

Abstract In previous researches™ , the self-stability was studied for the spring-mass model and the
two segment leg model. In these researches, it was presented that the spring-mass model has the
self-stable region at relatively high speed running and the two segment leg model has the self-stable
region at relatlvely low speed runmng If the model was run in the self-stable region, the cost of
transport!"! is zero ideally. That is, actually, only the energy loss is needed to compensate for running.

This means that the energy efficiency is high, running in the self-stable region. We want to have high
energy efficiency at low and high speed running. So, in this paper, we propose the design direction of
the three segment leg having the self-stable region at low and high speed running. And we prove the
self-stable region of the three segment leg designed by the proposed design direction.

Keywords: segment leg, leg stiffness, self—stability, running robot

1.ME ke Aot
71&2 A7) ApAnh= 1SLe AH o 1k
T3l A selfstable FHS 7FA]aL, 2SL-S o
== =] [e} = ==
];g & O}'L}‘T_‘ ALgA F xiv/;\_zagql/q self-stable :] _‘% 7]_@_% ukE T}
ZF gz 2—7}%&7&0]% & ok ol 22 EAIA
KR H

ATl A= A B a0l A self-stable 3
At 4 A= 3 ke o]F o YA H|E(cost of Zr 1A} Bt BALS Tolq

%I‘izﬂgi o] 0] Z X (legged mobile robot)

=
HE
L
34‘0
o
>
N
N
o
lﬂ

= 3L, leg T3+ 3SLS 9]
transport=(energy used)/(weight x distance traveled) ]) a9}
= Zo]u Aotk &, oY= G8AE o= AHolg} B wBoa= 1, 2SLel| glek |2 Apanile
} 2= 9l
E o 23] A5k o8 Fall A W 15580l A self-stable Y
A T 1 Somn Loy 2 7ba % Qi 3SL AAEE AAsk, AN A
= spring-mass model©]2}al sk} HJ) 2 %-_:—‘_roﬂ A= At
[e]

upe} AAE 3SLo]l AL = arkFagolA
self-stable €398 7M1 =XE AZslux) s}
& =re] AAPZE o= 3k 1SLe] 7HAIR= self-stable

1SLoj2kar g2} 2SLell thgh running self-stable 3 <l
thate] A3k o424 © 2 running self-stable %3
Aol X F8& 3 HH o]F dlyx] H]-&o] 07} Hr

) o g9l &3] 171} 2SLo] 7R self-stable <3<

=, AA FYol A= olvA] EAETS BEsle] ol A&F TS HiHow A= = AL @ 1
2780 A self-stable S 7HE 4= A= 3SL AAT

Received : Mar. 31. 2011; Reviewed : Jun. 7. 2011; Accepted : Jul. 29. 2011 =1 0 A5k 7 o Bz Sl =2 B3 urast =
& R TP A AR gy oo e A S AE S S °H ST
el )5 a=|9141]cK11-BD-01). e Aelstas AEA AAE Wgoz oar ok

ot ael gl
B S e s e DR



o] ol M= A& @ uEFaPol A self-stable PSS
7V 4= 9l 3SL AAMES Al skalat t&ﬂ}.

=Rl TR 1,2,3SL
9 13 Zk

1] TG

243} rynning B2

19l Fig. 5 2 3

Kl
i
)
=

] Fig. 4 FanolAE 1SLS Aha oz m1d771o) A
oF3} touch down angle Y7} W0, eFd3HA|H A
S5Vt =58 Wtk 18]l 2SL2 P SHAIF AL
7F wtor, Auider AEFIreA 9FdE touch

vy
i)
i

ql

down angle H97} Wo-S W3, &gk 27 =
g7t T IHIAAAEET} a, FHor o
ALkl A oFA 3 touch down angle B97F WSS
e} 9Hd 3t touch down angle 9171 512 A2
80N AolA RIS 7S orldith o]

= 3 19 AR ETFHE & 5 vk o7A

takeoff

flight stance flight
(d)

J21 1. (a) 1SL model m: point mass, K: linear stiffness, lo: initial
leg length, I: compressed leg length, ao: touch down
angle(angle of attack), o: varied leg angle, Fy: 1SL leg
force (b) 2SL model Iy, : segment lengths, ¢: initial joint
angle, ¢: compressed joint angle, C: rotational stiffness, Fz:
2SL leg force (c) 3SL model |, I, 15 segment lengths, ¢!,

94 initial joint angles, @i, ¢s: compressed joint angles,

Cr, Coy: rotational stiffnesses, Fs: 3SL leg force (d) running
model, Yapexi, Yapexiot: I, +1" apex height, Viapexi, Viapexist;
it1" velocity of x direction at apex, g: gravitational
acceleration. ¢ 1ZI0|A leg segment masse= 022 71A
& 2 =20Mz 22 O EAIS 7|SE AISE

=

ki
I

N
o
o
o

(e}

bl 8- 28= 3 Segment Leg A4 7 231

4o tfgk o4 3t touch down angle ]+ self-stable
dole ofn|ai,

219 AR BRI ISLY TL EFL
ST R 2SL T 2 EE FAE, A
& @ mEPg HFGGE AL Aol

ISL¥} 2SLY] stiffness AEZ Avwd 19 29} 3¢
=a

17 29F 0] 1SL2 leg Ao] A=l dis] LA s
stiffness b2 7FAH, 2SL(dy = 130°, 150°, 170°)-> =
2 & gEiAE 2 stiffness@t s 7HAH, 2 4
2ol thefrl= 2 stiffnessihS 7H7ITh 7)) AT
[2,3] GFarEd2]e] Fig. 5 9 Fad[3]9] Fig. 4 3
O REE ISLE iAo R u&7E 18al A
touch down anglegtollA] QH4 3t touch down angle'H<
7} Qe AL o 4 9} 1fo]ar A touch down
angle?k® W lege] ¢EFH2 AXILE &, 929 712
%9] gko] ARt} o]u] 1SL-& 2SLE U} stiffnessiko] =

- =

A

o} ag]a 7)Ee] A (FaRd21e] Fig 5 2
319 Fig. 4 Fan o 2R 2SL PR A%
Lol 4= touch down angle@to] Ft}. #<£:0]3l touch
down angledto] & W leg?] 9EHS 2t} &, 1329
4 T T T T T
| | | — 1SL
| | | — — 2SL-130deg
S oo rTT T 77 7 7| —— 2SL-150deg []

—— 2SL-170deg

2] 2. 1SL, 2SL(gy = 130°, 150°, 170° and /s =1p) J12|1 K|oks}
= N&E L DTN self-stable FAS 2= 3SL
stifiness A=, 7t2E: &7| leg 20| b2 HFSIEl leg
20| Lx2HAI=1), MEF: 7|ZZL(reference stiffness)
K22 M8l stiffness K 037|M, Kiow = Fiow | Al
2M Ahe,=0.10 O|M, Fig= Al TS| leg forceS
olojsict 29 stiffness MTE P= 2 220 Cf
£t



232 =5ts] =iA] A6E A3% (2011, 9)

7z%e] gho] 2 ghol ek, olu] 2518 oo
 stiffnessate 7FITh 123 2SL 0}7{46}74]5] At
gH E} oFAZ A H I LHFO =7} Vs
oF4 3} touch down angle™H 9|+ 5}012] T QFA4 3} touch
down angle#t> Ztopxith. =, 1§ 29| 712 59] gho]
7V == ZlolH, ol 2SLY] stiffnessah-> 7HAdh
t}. o]e} 22 1SL 2SL9] stiffness 57d0] 1SL-2 il
7oA delo] W, aSLE AAIAAAGE
7} vhew), A4 rielA hggelo] HES Sjoiz
Wep, 28] 29 7 2S-leg YR He 27
F7FFES] FI7IRIE 2SL stiffness £4S W2 Z
ol17 2 ¢f=gko] HBoJAJE ISL stiffness E4S W
ZES o, A% W aSo 2FFIE A = 2
£ FAojif & Z %’ 29] 3SL stiffness £1E2} ZFo]
3SL-Q A XL B 72E )R] self stable F
= Y5 7+ Y& Ao/
=Rl A= 19 29] 3SL stiffness A=} 7o)
3SL& AAlsks W= ”‘g AE wlsto] A&sfat
J Wt e o 1 29] 3SL
stiffness 5745 2= 3SL ’é Jol digte] ThFaL ook
o] AAE 3SLY] A ES AStaat sk

3. 3SL &A ¥ ™A A4S

7171 29] 3SL stiffness 5735 25 3SL A& A
AE mste] A8staal gl
Al e g AAlE dels R AdEE 5 7P wk
2 A E(cheetah)©]T}. XEFS] Hthe](hindlimb) 'S 3SL
o7 AT aHe 1§ 33 #Erh

a8 33 22 274 E ¢, 65,9 segment o] 1,
L, 5 & ©]&3}al, rotational stiffness Cia, Ciz Fi
stiffness ratio Re = Cp2/ G’} Koo B AAsH 5=
I 2L o ® 3SLe i stiffness A=E A&
Atk

B =il e F2R] 7157 d(dimensionless reference
stiffness) /g, = Kjgplo/mg” P S 4002 AAs}o] A
wFy 1ear oA AREEE gt 2ol m
=80Kg, lo=ImS A&} wabA, Ko, =31392N/ m
& ARgSte] mlwghth 1E]al R 7ERA QMA

—1M

AL A2](3]

(mechanical stability”™ or structural stability'®)®$Jujol
A *W%}@l Hlagic}. o] 7|4 R.=0.1645 ¢ R.=
0.7043 & XA3}e] vjwsict 99F o] XA F 3SLY
A e ¢, ¢35 I, by I3 1R Kigw, ReE ©
g3l FE} -2 WO R 3SLY stiffness AEE 1
49} o] A& 5 vk

19 42HE] 3SL-R.=0.16459] stiffness 59> =}
& AETHUNF Al/lh=0.250]3h o)M= 2SL-¢y =

 1125.35deg
knee:\() ¢#% :133deg

1,=0.2798m
1,=0.4482m
s e’ 1,=0.3739m

Metatars

Phalange

(for 1,=1m case)

8! 3. XEle| SICl2l= segment2A Femur, Tibia, Metatarsal,
PhalangeZ T*A=|04, joint angle2A{ knee, ankle(®I2H2]
ankle2 Tibia?} MetatarsalAlo[Q] Ztzo|m, £[OZl9|
ankle2 3SLoZ XfAISH ankle®l), Metatarsal-Phalange
MTPZ NS 0|2 2 =20Ms 3sLez M7y
57| 2l ¢/l J2!nf Zo| Phalange segmente| =2t}
ankle jointS Q1Z5}04 |1 segment2 511, 0|0 iz}
ankleZt== 9 J2nt Zo| HA=ZQICE O[FEA Y
gl 359 £7| LT 4, 42, (RD2sH4]2] footfall I
9| Ztoz=EE| e 7hot [0=1mQl Z<2 segment ZI0] Iy,
Lo, I3 (RtD28i[4]129] hindlimb segment relative length25
B 2 = o J2l9 250 Leils giat Z0t

= I:IA MT BAH

— 1SL
— — 2SL-130deg
351 —— 2SL-150deg

| —— 2SL-170deg
— 3SL-Rc=0.1645
3r 3SL-Rc=0.7043

38L-Rc=0.1645

0 0‘.1 O‘.2 Al/lﬂ 013 0‘.4 0‘.5

J2! 4, 1SL, 2SL(gh = 130°, 150°, 170° and /1=1l) and 3SL(R.
0.1645 and RC=0.7043 LHX| mi2j0E{= EE";F )
stifness diagrams, 7|21 ME2&2 12l 29} Z2.



150°8 0t 27 212 ZF= 9] stiffness EA1S HolH, ¢F
7o) ARHA stiffness FAaHo] Eo]Ea1 HEF Al/
Ihy=0.35 o]0l M= 23] stiffness #ho] =713t} o]
23 3SL-R. = 0.1645% 2SL-¢y = 150° 8.0} =5 2
727t 7Hd e AERMYE M s A
2 s an, ko] ARHA stiffness THAaFo] &=
53 B3 SUIIER aEd gL THE g s
o7 oAtEty |3 3SL-R. = 0.70439] stiffness S4
& & el uEl 279 Aol IAT A9
2SL-go = 130° stiffness 5433} A8} webA] 3SL-R.
=0.7043-2 2SL-¢y = 130°7} 7HAE= oFd 3} AL3E
orgde S 7Hd Hom o dE) Z18]al 3SL-R.=
0.16459F R, =0.7043S H|wslH, 2 ¢F&=eF Hio|
q R.=0.1645% 2SL-¢y = 150°°] 7}71-- stiffness 54
S 7FAAL, R.=0.7043-2 2SL-gy = 130°01 717k stiff-
ness 542 X2 2 3SL-R.=0.16457} R,=0.7043 1.
o FYIAHAAEG LT o Wi o A&t QF
FYol HE oR odET, dFTe] AXHA =
3SL-R.=0.16457} R, =0.70438t} 2 stiffness 543
T BE T &t A P o] He Zo® o
asl=r

52 e [2]314)

[o rlo

)
o

44 34 W% (Poincaré

QF 4
map or apex return map)¥} 2> HPHOZ obHGAS

HEd a2 A vs
1SL3} 2SLoll th3h 9k <d

_%_1‘
iy
v}

1o,
2
m —

321 I 1(), (b), (©),

(& 719] 1SL7} 2SLell tiet eh g A xR
o} Ak kel Aagls & AvkFaEdR)
Fig. 5 2 Zai-31[3]19] Fig. 4 #a0). =, 1SLS 1157

vl A ebgded o] W, 2SL oHFIAH A S ) U

I

o, A& A Qg elo] btk 1#]al 2SL-¢ =
130°, 150°, 170°% ¢ = 170°7} 7173 SHABAIZ A S
7h dom A&k A P o] WAL Lty 5o
2 go=150°, ¢ = 130°°]t}.

07 9 49} 1HE stiffness SAS 24 3SLY]
MPAAS £ 1), (HEHFE FRIg} 3SL-R.=
0.16450l ot PP AR K 1(e)=H-E AollA
o Aet e} o] A&t A= 2SL-g = 150°H.Th

oN

Fa 22 2wt 7R g S E 109
AlaLstel oF 4= QITKS, 2SL-¢ = 150° KT} 25 2
LERA A&l ek H o] 2SL-¢y = 150° K.t}

211-
}_% ;9,"3]' 0:“%-%01 Vx,apex,Ozsm /Soﬂ}\‘] ?_}.‘Xéi:j_— aO‘q

U g &2raol A oS Zh= 3 Segment Leg A7 9 233

#® 1. 32l 49| stiffness MZOf| LIEFH 1SL, 2SL(gy = 130°, 150°,
170° and /1 =/) J22|3 3SL(R.=0.1645 and R.=0.7043 LjOf

X mEj0jEes 22X otyA 07|M ARZSE m, I,
Vo= HDES21BI0A] ALSSE Aot Z0] m=80kg, b=
QoM oigst Hiet &

lms yapex,(]:l()g Al'g'él'%’\:,_, KIU%—I‘:—
E 35e &7 8H 45

0| 402 ARSsIUCEL ChH3Ol Zt
Viaperd(TH: MIS)E LIEIHT, 252 ST VigpeoOll CHEH OF
A5t touch down angle o(CHRl: degree) HIRIS LIEIACY
J2T Vigpeo =20m /50|51 STHLIIIX|DH oI HAS oY
Mo, B @2 @ Vipeo=20m/sO|MUAME OFX s
touch down angle 197} ZR§SICt 22|10 QFEFAV, 4o
3 )2 EMMSH= ZIZ(scan resolution)2 oAl H|FS5}
1 3A SACE

(a) 1SL (b) 2SL- ¢, =130’ (c) 2SL- ¢, =150"

x.apex,0 N xapex,0 Q, xapex,0 2

20 26-54 17 36-46 13 41-48
15 46-60 16 32-51 10 38-65
10 58-65 15 30-54 8 54-70

5 72-73 10 48-65 5 70-76
3.5 75 5 71-74 3 79-80

3 77.5 2.5 80.5

(d) 2SL-¢, =170° () 3SL-R, =0.1645 (f) 3SL- R, =0.7043

x,apex,0 ) x,apex,0 <3 x,apex,0 Q,
8 70-74 20 24-41 19 35-38
5 69-82 19 33-43 18 31-42
3 80-85 15 40-51 17 28-46
2 85 10 52-65 15 26-52
1.5 86.5 5 71-76 10 49-65
3 79 5 71-74

2.5 80.1 3 78

HAE X 1(e) (o)=H5E Hlaste] B, Z42F 71-76
¥} 70-76 224 & 1(c)2] -5 2SL-¢p = 150°7} H4
go] 27 o Arh). 12]aL 3E 1(c)9} 2] 2SL-¢y =
150°9] FYAIF L& = ieF 13my/sOlAIRE, 3 1(e)
o 4] ¥i= mle} o] 3SL-R.=0.1645% X 1(a)2] 1SL
¥} o] aHF AR PG o] EAS & = 3
th 12]al 3 19] ARl E At vief o] %
1(@) 2} ()= Viapero = 20m / sO) gl A= o o] &
gl 22, E 1) EHE Vigpero = 2.5m / s A4
E 10m / s7H5= QEASE ap®] RI917F BARAT} 15m /s
AT P o] WSI7F EAEIL ThA] 20m/ s oA
= T o] W7 WA= As & 5 =l o]
oF o] 20m / sl A T o] M7 Tl HlolA =
o= T1849] 3SL-R.=0.16457} 4FFo] T Hi



234 =55t3] =1A] Al6HE A3% (2011. 9)

A stiffnessgko] =71sb7] wji-o ]1:} t}5-0 7 3SL--R. =
0.70430l st g AFRl E 1(HE HH UolA
o gt vl ol Vo= 10m/ s7HI= & 1(b)9]
2SL-¢ = 130°9] PEFG3 719 a5 & + A
SHAIRE, Vigpero = 15m / sHE= P o0 o] W 9lol 2}
o7} ol o= 19 49 & 45T T (W= AL/l
=0.35)%E 3SL-R.=0.70432] stiffness7k®] 2SL-go =
130°9] stiffnessZtE.CF A+ 7] wj&F-olc}, o] Zels| 1
Tl A 3SL-R. = 0.7043°] 2SL-gp = 130°2] oFd 3
ot o HojHan, 3 QMSHAIH IS EE 2SL-¢) =
130°= 17m /591 WA 3SL-R, =0.70432] 750l 19m
/so2 ¥ =& AL st 4 gl 18]al 3SL-R,. =
0.16452] eFdd<] A1 3F 1(e)} 3SL-R. = 0.70439]
g ARl 3 1(HE AFEY, n7EA R SkellA
o SL-R.=0.16457} 3SL-R. = 0.7043 1.
o PIHAIF A ST o] won, O A&t A Qb
3 g1t = ATHAEE®], Vigpero=5m
0.16452] QAT = 71-76°1H, R. =
070434 OIS B 71-749).). 18]l 3SL-R. =
0.16457} 3SL-R. = 0.7043 5.t} T 114717kl A ebd )
Aol B3-S A F AHAEEC], Vigeno=19m /s
oAl R.=0.16459] Hd3t a9 33-430]H, R.=
0.70432] <Fg3k B9 35- 38@1 R.=0.16452] <}t
Aol v Blom 3 R =0.16455 Vigpero = 20m /
s OPFol M= Qg o] EAgitth). sAIRE T S
T3l A= 3SL-R. =o7o43o1 3SL-R. = 0.1645%C} <k
Aol HWTHAEEC, Vigeo=15m/s14 R.=
0.7043> <H3E o m%i 26-525 7HA™, R.=0.1645
= e aHSIE 40-512 7).

o|ZA| 27oll X AAIGE AL B a1 Fol|A] by
AAE 7FE 4 Q= 3SL stiffness 545 2= 3SLO

Sk A L ok HETS 2] 3SL-R.=0.16459}

EQ

w 12 >i

2
18
o
er

(03
rulo

=

stiffness 5445 W
2L stiffness E4
obgddds 7

0.70435 “Ssto] 2l 4= QA

O ~
+ 2SLe] §AE —\?’5'3}5’— o|ZHE] A& 9l a1 3
14 self-stable FHS 7F4 4 &= 3SL AAWES
AAsaL o5 ekt

AEONA gk viel 7ol self-stable F HollA] 533
< sl HW oA agdo] Erh =, self-stable P
oAl TS Al HWA S FAIEH] st @<
Alo] oA AR7F QX ggom, wgk F3PA| touch
downd A F-E leg &EFFo] 7l 9@ w7k o=
(leg®] €A 7} A= ™, THA] leg H-AA] A7+

NUAIE AAete] AREEFo =M o] FAH o mE Fo
Hagk =] 257} §IAl |r) whebA], A Tl A
= oyx] EAETS 9 dUA|E BEste] 5w
o} o] &M, selfstable F Yol T3S A HH oy
A ZmEAo] =k

A 2 ol A Zﬂ’\]ii AL g1 FEelA
self-stable 39S 714 & 3SL Ak uwe)
3SLS AAAISS w] 3SLS A& 2 mEHFol|A] of
Ux 84 TS & F it o= dAle o

T 25 e ZAE = sl A
L7Fs ARl Aok Foll {§-83F 7]
< Zos Azt

2

o,
N
1o
ofy
e o >
4 w2 o

Z]

o)
2R

I

% 19] AA(point mass) mol| e SEHGA

ok} s
mi =F+mg (A1)

4714 r=[xy]"0l2L F=[F. F]" 223 g=[0-g]"]
o} 2% 1(d)9] flight T-ZFl A= F=[00]"°|t}h 23 1
9] 1,2,3SLoll th3+ leg force vector F| =ZHe} 7k

F=\F +F = tew) g,

F=K(,-D (A2)
_IC(4,—-¢) 23]
2 L1, sing (A3)



A

A

2 p&Eafol| A oFY 9IS Zh= 3 Segment Leg A4 A+ 235

Hn238
F i(M_Mj e SEEE
3
N b, [1] S. Collins, A. Ruina, R. Tedrake, and M. Wisse,

“Efficient Bipedal Robots Based on Passive-

AARNA Mya, Mo, by, by o2 2oh Dynamic Walkers”, Science 307, 1082 (2005)
[2] J. Rummel and A. Seyfarth, “Stable Running
with Segmented Legs”, The International Journal

M, =C,(¢#) -
2 n(fz =) of Robotics Research, Vol.27, No8, pp.919-934,

M, =-C,. () — dy,) August, 2008.
= (L1, sing, — L1, sin(d, —$,1))/ [3] J. Rummel, F. lida, J. A. Smith and A.
Seyfarth, “Enlarging Regions of Stable Running
hy = (bl singy, + 1 sin(d, — )/ 1 with  Segmented Legs”, IEEE International
Conference on Robotics and  Automation,

2% 29 stiffness AES A= Ee vga 2ol pp.367-372, 2008.

[4] L. M. Day and B. C. Jayne, “Interspecific
K(Al)=F(Al)/Al scaling of the morphology and posture of the

limbs during the locomotion of cats (Felidae)”,
The Journal of Experimental Biology 210, pp.
642-654, 2007.

[5] A. Seyfarth, M. Giinther and R. Blickhan,
“Stable operation of an elastic three-segment

A71M, Al=(l-1)°] 2L F(ADE leg Hol7F AR W
atls ol d-est= olm, 1,2,3SL 2] Fi(Al),
Fx(Al), Fx(ADE tJ3te] 23-83H= 1,2,3SLY] stiffness

o= 5 o] Wty ¥A
KADE L=t sk leg Aol 12 281 Wishe v leg”, Biological Cybernetics, Vol.84, No.5,

7} gobo] HAIAE thao] 2] A9 om, 3SLe] W pp.365-382, 2001.
Shel WEAAE gio, gz obe] WA o] 4] A6t [6] R. Blickhan, A. Seyfarth, H. Geyer, S. Grimmer,
. H. Wagner and M. Giinther, “Intelligence by
mechanics”, Philosophical Transactions of the
2 :[12+12_2[l cos ¢ (AS) Royal Society A, Vol.365, No.1850, pp.199-220,
2007.
7] ¥4, Aedh, A9, e, “AS R uF
22,2, 2
=0+ +1;-2[1,cos g, A6) Fao A okgaale zi= 3 segment leg A7)
_21213 €os ¢23 +21113 cos(d, _¢23) A, F=AEFEE] 2010d% FA Sk =

7, pp.203-204, 2010.
ASH A= Fo7 o] Uste] 2SLY] g LA
A=A, A6l A= o1l el tigte] 3SLe| ¢y,
gi= HIAGTE 270l B AGA e R AAE 5 gl

H M

o} wEhA], Ao s o] o= s o1 2 v Pih% el Sl

e 2001 =)=y 7
¥ 7}0. 7] & A5
S 2001~2005 LGAAH & 3
Q=M h,+M,h =0 a7~ NEED
F 2005~ HFEEH} 7=
ol Fo|Xl o] tigte] 3L gin, T A6, T4 A ATy

S o] &35l §dsHA BAT 4 Qo) 1’3%°k:i£‘§ﬁ]‘;‘lﬂ]q



236 =38t3] =54 A64d #1335 (2011. 9)

0| & st

1985 750 sta Alzskt
(FAh

2001 BEHSn AAbE S}
(EAAh

2005 75t A3-sta)
(&S

1987~2005 LG A7-4%

L,

2005~A TEEHIEd  ATFFALAD
T
410k : CPS(Cyber Physical Systems), @7 2 4l

437





