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BOFHEL—FH
BERAAL LS
AHABEARAAL
tO44+3I0R
REEBBARAAL
Lyapunov ZER

BRI

HRIEDESR
HORMED 1 DOEH
WBWBLEHERYE

2ot
BRROHI
iy 77/ TR

LI
RV AT LORR
BOEELE—FM
BEERALE I
AL
to44+3I92
IRAEB AL
Lyapunov RER
ARt
2632077
BORMEDESR

HORMD 1 DDZMH

WBWBLEHRYE

Rt
FHEROBRERE

TR O

B 77/ 7B

BURMDESR: A FL—VBEBHEELT. UTOEERASFAHR
YiroT &,

Via(t) = Vialto) < [ stute).y(0)a

v V(z)...AML—VBEE V(0)=0, V(z)>0
v o os(e) ... H18E

V BESEIRETHNIZ, _
V < s(u,y)

ERLC, (Masukt)
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BORMED 1 D&M (5t F)

AEERREZEELLTWVNSEET S, TDEE. RHOBENTHS
il <N

t1
/ S(Ua y)dt > 07 I(to) = 07 Vu()
Jto
I$FEME,

PEMOEER: BgEDEERIC 2(4) = 0 ERATHIZEA,
T MHDEERR: ZEDREY IITIE. required supply IFZEIEE, &> TH
prid: 08
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& Ul
IHEH VY AT LORR
BROEFEE—EM
BESRALE
AHABEFRAL
TO44+3I92R
REERFHRAAAL
Lyapunov REH
BORMOEER
BORMDER
HORMD 1 DORY
)3

IR DRERE
RO

w77/ 7B

IFL&Ic

IR Y R T LDRE
ROFEFEE—BE
A RS

AN BEEHAL
EtO¥4F+3I9R
REEREARAA L
Lyapunov REH
HORME

Rt

ZEEDER
ZET Y T LB
BHHEROER
AHNEHREZEE
IFP & OFP
BZHNLROREN
L ORERT R
IFP, OFP BRO7 14— F
Ny 7REREREN
Hill & Moylan OEE
BEROBE

FHRRDRERE
R ORI
B 77/ 783K

WA WA EEGR M

v os(uyy) =2 ul]? = |ly])? 1E3 L TRORM GRS
u—y D Lo-TA VD v UTTHBIBETDEME

v s(u,y) = uTy TR L TEERNEIRS:
ZEEDER,

v s(u,y) = uTy — al|ul|®> — bl|ly||? IEF LTRSS
K WG A& M,

ROETIE. REMEICEALTEHL NS,
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SENME (passivity) &ld: #HAR Ty ICDOVWTEHERNTH ST &
DFY, EEELEAML—VBEEK V(2) BEELT.

t1

V(a(th)) - V(a(to)) < / Ty dt

Jto

v ANDEEHNDEHE L,
v V(z) ®MHDERELSIE. MoREN

VSuTy

Em@LC,
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IFL&ic

R Y 2T LORIE
ROFEL —FE
BERAAL LIS
AHDEERRAL
tO¥4+3I9R
RERBRRAL
Lyapunov ZER
HRtE
Er
FZEEOER
BHNGEYZT LOF
RENEROER
AHHZEH LRI
IFP & OFP
ZHHEROREN
Y ORRERT IR
IFP, OFP GRD7 1 —F
Ny VEREREN
Hill & Moylan DEE
BRROBE
BRI

HH) 7 7/ 7B

IFLsic
R Y 2T LORIE
ROFEL—FE
BERAAL LIS
AL
tO¥4+3I9R
RERBRRAL
Lyapunov RER
Rt
REE
FZEEOER
BHNEYZT LOF
RENEROER
AHHZEH LRI
IFP & OFP
ZHHERORENS
L ORRERT IR
IFP, OFP GRD7 1 —F
Ny VEREREN
Hill & Moylan DEE
BRROBE
ERERDRERN
BRI
HH) 77/ 7B
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v LCRHS5%32HmFERME. EEHLANT. ERDHES, HHESRIH
WEHEBY, AML—VBEIE. EREROIRIVE—,

v NIV ZT7UHEEEDZS. MHRIIZENTHS, TDEEDR
FLU—TVBEIINZ IV ZT VT BAR—RIGERE - AJEAN S, #
WMEREINBHOSDEERICKES,

v HEHROBEERLTEZS L.

—BENZSIW =T VYV ART L
T
t=(J—R) {%—Z} + g(2)u

mﬂT

y=g(z)" {87

& 0 HEEEDIZE. RBNTH S, L. JIFEMTFTI. RIE
IEETTH, -
H=— {a—H} R {a—H] +yTu <uTy
ox ox
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RENNTZ R DR ALOEREZEE

s | BEMG 2 OORELIEHL | BBMG2OORET— KNy B Augmented System
SRS AT LOESR Y 27 LORR - -
sesions | T TEfROEHN S LR OB e rLom
FlEC—X £ & —F
- - b b
BB & 13 RERAAL £ 15 u u y y
N R 7 »
AHAREERAL M o Y Y BB | M(x) [ System 1 | M(x) "
COXAFIHR System 1 B System 1 tag/F+3I42
RAERERAL u x Y KA
Lyapunov B + Y2 Svstem 2 Uy Lyapunov &5 LEDABHERICH L TEZEEIREINS,
N Y .
Rt System 2 Vs AR
ty t1
= S S 3 }
EWEOLR feffl. E550ORISERRER EEOER V(z(ty)) — V(x(tg)) < ul'ydt = u'T M (z)ydt
BHHGZF LOF VA AV I BB R T LOBI Jto Jto
SENTE RO t
AtNER E BB / Yor ' dt
IFP & OFP IFP & OFP = u-y
SHHWEROREY SHNEROREN to
CORREAT R C ORISR
IFP, OFP HRD7 4 —F IFP, OFP GRDT7 41— F
Ry oHaERER Ry s EREH
Hill & Moylan DEE Hill & Moylan DFEE
BHROBE BROBE
FERRORERS EBRRORERE
WREOHIE HIRZORIE
) 77/ 78I HEY 77/ 78
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IFP & OFP IFP & OFP GROME

3 Lol 3 L&l L]
;Fm;ﬁmﬁ OFP(Out[fut Feedback Passivity :IFP(Input“ Feedback Passivity): ;Em;/ﬁmﬁ « LiE@E#tT%°
Bt~ HL. RO HL. RH. BOtste L —mit v ZRIDOFP(p) TS, aX & OFP(p/a) TH S,
mEERAL . . . . AL E 5 v RIDIFP(v) 5. o & IFP(av) TH S,
ABAREBIAL s(u,y) =uwy—py'y s(u,y) =u"y —rvu u AL v Ta4— RNy IERILBWT. OFP(—p) 3 IFP(p) THHEHETZ &N
EtO¥4F+3I9R tO¥4+3I9R T\\:E%O
pmweent ICB L THEMNESIE. RIF|[ICEALTHENGESIE, R Bemwent
- OFP(p) THB LWL, IFP(v) THBEWLS, ooy BER —@——> OFP(-p)
Bt ) } ot -
T Passive System Passive System == )
BBEOER EBEOESR —pl
BE Y RT LG ZENGE Y 2T LOF -
BHHEROER RENEROER
AME L R pl v/ AT BE
BONGRODERE BRHERORENE +l -
ORI . CORET R pl
IFP, OFP RO 7 1 — K _ IFP, OFP RO 74—
& vy — OFP(p) — || — IFP(v) — it & oy D8
ill & Moylan DEE i oylan IFP( )
RERORE * RERORE p
FHRRDRERE ERERDRERN « GD%CiXEJE’J
BRI RO
B 77/ 7B HH) 77/ 7B
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CORERRH

IFL&lc

IR Y R T LDRE
ROFEFEE—BE
A RS

A ARERAAL
EO¥4F+3I9R
REEREARAA L
Lyapunov REH
HORME

REE

ZHEDER
ZEE Y AT LOF
BHHEROER
AHNESREZEYE
IFP & OFP
ZHNLROREN
L ORAERTIR
IFP, OFP LRD7 1 —F
Ny 7EREREN
Hill & Moylan DEE
BEROBE

IR RDORERE
R ORI

B 77/ 788K

IFL&Ic

IR Y R T LDRE
ROFEFEE—BE
A RS

AN BEEHAL
EtO¥4F+3I9R
REEREARAA L
Lyapunov REH
HORME

B

ZHEDER
BETE Y AT LOF
BHHEROER
AHNESREZEE
IFP & OFP
ZHNLROREN
£ DRAERT IR
IFP, OFP GLRD7 1 —F
Ny 7REREREN
Hill & Moylan OEE
BEROBE

IR RORERNE
RO R

B 77/ 783K

#EIFFED Lyapunov DS DR ETEIE:

V(r) >0, V<0

%5 % Lyapunov B8l V(z) D EETSH LTS, TDEE. E =
{z|V(z) = 0} BAREEEELY 2 = 0EBEH. F LIZBWT
r=0HRETHNE, RIFRELES,

SHHNEROME:
WMARTREGR @ = f(2,u), y = h(z, u) IKEVT,

1. AML—VBBHAEETHNE v=0DEERE, T5ICR
b L— Y EEORETRICSEER THNITKIBRICRTE,

2. u=0DEELORERARETHNIE, u=0DEERE,

3. BEEEHLNEWL, DFYy=h() EEFRETDE, TDEE,
u=—ky (k>0)DT71— N\ TEHERELEZHELS
KUV - TR EORETRETH BT ETH S,
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IR N— DA

1. u=0DEEWRKRIZ0LEEZDT. V(o) ZVT T/ 7HEHETBE.
V(CL) S 0 &7;%0
2. V(@)>0DT, V(iz)=0DEE

0<V(x) <ulh(zx,u), for u

THB, —H. hz,u) FHAFTRGED T, h(z,u) = h(z,0) + n(z,u)u
DESICHBTED, 2T V(@) =0DEE, 2TDulTHLT
uTh(z,0) + uTn(z,u)u > 0 BDBEFEH. ZDFHIT h(z,0)=0TH
BZREN DD, DFY. {2|V(z) =0} ITEEND & = f(2,0) DERAD
REEEIE {z|h(2,0) =0} ILEEEND, EORERIRHMEL Y.
{z|]V(z) = 0} IKEFNERADFEERLETE 2 13 0 ITHET S, L
o T, FITHRARFZEERELY 2 = 0 IFRE,

3. 2. ERAKRIC. V(z) =05B5E y=h(z) =0, V< —kh(z)Th(z) &
Y. ROEEIE. {z|h(z) = 0} DERICHHE, TOEAETIE. AN
0 ¢, YORERAREMEY., =0 ITHETHDT. +91%IERT T
EDTES, BBREK,
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IFL&ic

R Y 2T LORIE
ROFEL —FE
BERAAL LIS
AHDEERRAL
tO¥4+3I9R
RERBRRAL
Lyapunov ZER
HRtE

REE

FZEEOER
BHNGEYZT LOF
RENEROER
AHHZEH LRI
IFP & OFP
ZHHEROREMS
£ ORRERTIR
IFP, OFP GRD7 1 —F
Ny VEREREN
Hill & Moylan DEE
BRROBE
FRRORERS
BRI

HH) 7 7/ 7B

&= f(z,u), y = h(z,u)
2EZ 5,
Y IREEFTIZH14: Zero-State Detectability (ZSD):

IDVATLHEORERARHTH B L. y =055,

x(t) =0 (t = o0)

BB L,
£ OIKRERTERAIME: Zero-State Observability (ZSO):
DY AT LHEORETRATHS EIE. y=05E51.

ExBT L,
2RSS, COIRERSRAE S BEOTEAMEIEELC,
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IFP, OFP R D7 14— FN\yv VESLRTEN

LI
RV AT LORR
BOEELE—FM
BEERALE I
AL
to44+3I92

IRAEB AL

Lyapunov RER

Akt

Rt

FHROER
ZENGE Y 2T LOF
BHNGROBEG
AHAZH R
IFP & OFP
FHNLROREY

BRROEE
IR RDRERH
HIHROHIE
$EY 77/ 7858

System 1 &,

u U Svstemn 1 N
stem
: Y uiyr — Py y1 — viug w
32 u, 7;%1;t$ﬁ$\ Vl(l'l) 73:51 I‘ L—
System 2 JRIERITRE L THURM,
System 2 |,

u; =0, up = 0 & LTz System1,2
l&, €iREEREED R Y feD
LENET B,

¥fe. TTTEu=0&,T%,

T T T
U Y2 — P2Y2 Y2 — V2Us U2

GHHHEE, Vao(z,) BBAML—
JRIERICEI L THORAY,

1. v +p2>0DDws+p > 0ESIERE,

2. %1 + P2 >0 b\o 1] + P1 >0 &5‘#7%5&&@0

HE L. Vi, Vo DIEETHEHRICIEERG S, 1. 2. OMEITKITHAN,
SERH: Vi + V5 %& Lyapunov BB E LT, BIN— DA & [tk
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BT — NNy I DI5E

Hill & Moylan DEE

IFL&lc

IR Y R T LDRE
BOBELE B
A RS
AHDEERAAL
EO¥4F+3I9R
REEREARAA L
Lyapunov REH
¢S

BEMEDES
BHNEY AT LOFI
BHHEROER
AHNESREZEYE
IFP & OFP
SHNLROREN
£ DRAERT IR
IFP, OFP LRD7 1 —F
Ny IR EREN
Hill & Moylan DEIE
REROBE

IR RDORERE
BRI

B 77/ 788K

Ll
FERL Y R T LDRER
BROEFEE R
EEARAL S
AHDBESRAAL
tO¥4F+IIR
RERMBARAAL

{RE: M System 11, u; = 0 TEOKEREH

BV, FEETBEHRICIERER
System 2 & LT, BfiGFRE T —FNNY T 4o = Kuy
fefeL. K RIEERTHMTIIT. K ORNEEEE \pin RKEEEE
A7naz é:js'(o A b L/“i)E§§&Ci\ :bEE§L/;(t;GD-ZSLé =0,
Amin — paXiiae — vo > 0 ZMIET pa > 0, 1 KL T,

T T T 2 T
Uy Yo — P2Ya Y2 — Vaty Uz > (Amin — P2Aiae — V2)Us Uz > 0

FIDN—J DFERZRAVNIE,

Amin—P2A 200z — V2 > 0&T/IET Zp2 > 0, Fn ITH LT vi+p2 >0
DD vy + p1 > 0 xS IEKIFHFHEARE,

Lcig

OFP(p1) 7& System 1 (v, = 0) I LTIE. K DEIFEEZAES

WMBTET. BT KIFNINEREICE S, e, TEIHA System
1(p1 =0, 1 =0)ITHLTIE. KHDEEGSHT KIFHEERE,
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Hill & Moylan DFEELY...(1)

Hill & Moylan DEEIc &Y, RH%GEW D

IFP SHEXIRE:  ED v IS LT IFP(v) B 5IE.
H3, THEHOLEFTREO0 THS,
BEER: p=07&DT. j(z) +j(z)”
Ul i)

j(x) IZERIT

=2l + W(z)TW(z) BIEEEEEY. T

Lyapunov REH
okt

Mt

ZEHEOER
ZHHNEZT LORF
ZEEROBE
AHNEHREREBE
IFP & OFP
EHNEROREY
£ RRERT IR
IFP, OFP BLROT7 1 —F
Ny URER EREN

i & ioyan o

WHRROSEE
FHRRDRERE
R ORI
B 77/ 783K

SHNEROX -V (BEE): jo) =0GFRDPAI—Y

RV (2) I L TREBNGSIE,

Lf‘/ <0
L,V(z) = h(z)"

DE W, u=00D&EIT Lyapunov ZET. HDOHADEHIEI EDEIKIC
SO TEHEICHNEZIT S,

FERR: p=v=0%DT. W(z)=0, H&I&Hill & Moylan DFEEL Y
B,
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[E468]
JEHFE Y AT LOFRR
BOBGEL—EMN
BB L (&

A AEERRAL
YO44+30RX
IREERBIRAAL
Lyapunov ZER
[6ded
ZHEOESR
ZENGEY X T LOF
ZENEROES
AAZE LS
IFP & OFP
ZHNERORTEN
Rd=b/yap:

IFP, OFP LRO7 41— F
Ny JREE EREN

Hﬂ@MﬁHﬂﬁﬁﬁ.‘

BRROEES
IR RDRERH
HIHROHIE
HEY 77/ 7858

AN L TR Y AT L

Hill & Moylan DE®E, 1976:
TODYRATLOAWHSA FL—VBE V(2) IC&k > THHERE

s(u,y) = uly — pyly —vuTu

ICEAL THURM E B TDDRETREMHIE. B kLT, B
Bg: R SR, W R - R HEFEEL. UTESBIE
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Hill & Moylan DFEEL Y ...(2)

IFL&lc
IR AT LOFRR
BOBEL—EMN
BB L (&
AdpEEaE
YO44+30RX
IRAEB AL
Lyapunov RER
Akt

2t

ZIHOES
ZENGEY X T LOF
ZENEROES
ANEBRE ST
IFP & OFP
BHNEROREN
£ ORAERT R

IFP, OFP LRO7 1 —F
Ny JREE EREN

i & oyian 028 —|

BRROES
IR RDRERH
HIHROHIE
$EY 77/ 7858

REGROBERRE:  j(z) =0 GRDBAML—IBE V() IT
ALTREN. B2 m BEORKHAHNMIIGZSIE. ZORIE. FR
EETHNRE 1 THSB, b5 (Lyh)(0) IFERITH S,

SER: O0V/02(0) =0 THB T LEZEET B&.

So-(5%) o

EBmBH. 02V/0x2(0) IFZDEEEMEL Y. RTR EBVFS, HADMITHE
&KW, 0n/ox & TIVZ VI &EFDODT, rank Rg(0) = m THB, &27C.

rank (L,h)(0) = rank {g(O)TRTRg(O)} =m
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IFL&lc

IR Y R T LDRE
ROFEFEE—BE
A RS

A ARERAAL
EO¥4F+3I9R
REEREARAA L
Lyapunov REH
HORME
Er
ZHEDER
ZEE Y AT LOF
BHHEROER
AHNESREZEYE
IFP & OFP
ZHNLROREN
L ORAERTIR

IFP, OFP LRD7 1 —F
Ny 7EREREN
Hill & Moylan DEE
BRRDES

IR RDORERE
R ORI

B 77/ 7B

IFL&Ic

IR Y R T LDRE
ROFEFEE—BE
A RS
AN BEEHAL
EtO¥4F+3I9R
REEREARAA L
Lyapunov REH
HORME

REE

ZHEDER
BETE Y AT LOF
BHHEROER
AHNESREZEE
IFP & OFP
BZHNLROREN
L ORERT R
IFP, OFP LROD7 1 —F
Ny 7REREREN
Hill & Moylan OEE
BRRDES

IR RORERNE
RO R

B 77/ 783K

RRDBE (1)

Hill & Moylan DFEE% ZEMERARICERL L S,

EEGA FL—VR#8%EL ORBNERAR:
A%

i=Axr+ Bu, y=Cz+ Du
DEHH TEED_RAADR b L—IBV (z) = 27 Pz/2 (P >
0) Z¥{2LT B L. BHETH L, W HDFELTRDOGEY 2D,
PA+ATP=-L"TL
PB=CcT - LW
WTW =D+ D"
BIcD=0DEE,

PA+ATP <0
PB=CT

¥ AT LIRS
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SEIEET%E (Strictly Positive Real):
AHBIBHELWERR H(s) = C(sI — A)"'B+ D (R/REE
RE) DRDOFMGZEBI-T EE. ZTORIFBERTHBELD,

1. Re(M(A) <0, i=1,..n

2. H(jw)+ H(—jw)T >0, Vw ¢ \;(A)

3. H(co) + H(c0)” > 0 B2WE lim W™D det[H (jw) +

w—r0o0

H(—jw)T] > 0. TefEL. q = rank[H (c0) + H(00)]o

Kalman-Yakubovich-Popov Lemma: H(s) BEIERTHEIHNE
T3%&&FE P>0, L, W, e > 0 DFEL.

PA+ATP=—LTL—¢P
rPB=CT-L™W
W'W =D+ D"

ElEBTE, BHIID=0%51F PA+ATP <0, PB=CT,
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IFL&ic
R Y 2T LORIE
ROFEL —FE
BERAAL LIS
AHDEERRAL
tO¥4+3I9R
RERBRRAL
Lyapunov ZER
HRtE
Er
FZEEOER
BHNGEYZT LOF
RENEROER
AHHZEH LRI
IFP & OFP
ZHHEROREN
Y ORRERT IR
IFP, OFP GRD7 1 —F
Ny VEREREN
Hill & Moylan DEE
BHRROBE
BRI
HH) 7 7/ 7B

iELsic
RV AT LORR
BOFHEL—FH
BERAAL LS
AHDBEAFAL
tO44+3I0R
REEBBARAAL
Lyapunov RER
65133

)ik 3

R RDRERN

vV SR ER
ENREN

+5%4

WD FB &

WD FB &1
FBBRBE positive real
MRRMWE IFP/OFP

TR DB
HEY 77/ 7858

WLRDIBE (2)

IER% (Positive Real):

AHIEHELWMFER H(s) = C(sI - A)"'B+ D (&/hREfc &
REY %) M RDEGE®ET EE. TDRIZIEERTH S (positive
real THB) &L,

1. Re(M(A)<0,i=1,....n

2. H(juw) + H(~j)" >0, Yo ¢ \(A)

3. ADEEFOEEE s; | BT ZTDEEITH él;rg (s—s;)H(s)

IV — MMTFIDDEEETH S,

Positive Real Lemma:

BHERHAEELGA ML —VBEBAERBEZHNTH S5, ERTH
60

WS, H(s) NERES. ZORNEREIE. EEGA ML —IBEEK
ERFEZEIMNTH S,
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Ll
FERL Y 2T LDRR
BROEFEE R
EEARAL &1

A ARERAAL
tO¥A4F+3I9R
REEREARAAL

Lyapunov RER
okt

Stk

IR RDRERE

7 2R ER
R

+oEE

RO FB R

B0 FB R
FRBRBE positive real
MBRMWE IFP/OFP

HRR ORI
BT 7/ 7B

Ll
FERL Y R T LDRER
BROEFEE R
EEARAL S
AHDBESRAAL
tO¥4F+IIR
REEREARAAL
Lyapunov REH
okt

0k 3

rianoness |
U 2R ER
[eyzee
+o&E

B0 FB R

R0 FB R
FRBRBE positive real
MBRMBE IFP/OFP

HRR ORI
BT 7/ 7B

7 2 BRI ER

U 2B ERDERIZEEY hdH 5,
ARFEETlE. Vidyasagar DEZRZBAMDZEICREL. THICRFTDEF
SERVESRELDERAT 5.

BFRY 72wy TERRERIE vo = o(uo) IEXFLT.

Hyz - QTWW
y2 =0

THBHESE, TNE (0, f) DY REIESHERENS,
f= o0 DB BREREE 5.

2 2
<

ulys > aubuy  (ug #0)
yz =0 (ug =0)
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HEXTRE

TEROHET, INTD(a, ) DLV ZRIEFIZERICH LT, ZDT1—F
Ny VREEDRBINARELSIE. YATL 1. (o, f) DET ZBIIER
RERICH LTENRETHD LWV D,

0o Symem1 ]

7
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iELsic
IRV AT LORR
BOFHEL—FH
BERAAL LS
AHABEARAAL
tO44+3I0R
REEBBARAAL
Lyapunov ZER
65133

)i 3
FERERDRERN

7 SRR ER
EAREN

+95%4

WD FB &4

R0 FB 4
FBBRBE positive real
MRRMWE IFP/OFP

TR DB
HEY 77/ 7858

iELsic
RV AT LORR
BOFHEL—FH
BERAAL LS
AHDBEAFAL
tO44+3I0R
REEBBARAAL
Lyapunov RER
65133

)ik 3

R RDRERN

vV SR ER
ENREN

WD FB &4

WD FB &1
FBBRBE positive real
MRRMWE IFP/OFP

TR DB
HEY 77/ 7858

ADZALHDGE

AN Z—AHNDZEE.

au < usys < Bud
y2 =10

V2
y2 = Buz \\A(//rm

Y, =0,
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MR E DT M4

Fre. YATL1IIEEEEFLTIC. EOREARE ST S,
(o, B) (B > 0) D7 ZBRIEFRERITH L THHENEZE TH B8
DHREMEE, YRATL1E (1/5)] DBES A > EDLFIHEEH,
EPRICIEE RIS EIRER b L— VB V(z) 285 OFP(—k)
THBHETHSD, TTT. k=aB/(B—a) THSB,

n U v
0—Q—+>@—| System 1 7, N
b Uy +|

N
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THRREDHIRR (1)
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FERL Y 2T LDRR
BROEFEE R
EEARAL &1

A ARERAAL
tO¥A4F+3I9R
REMBARAAL
Lyapunov REH
okt

Stk

FERRDORERE

U 2BBERTER
HRE

RO FB R4

B0 FB R
FRBRBE positive real
MBRMWE IFP/OFP

HRR ORI
BT 7/ 7B

Ll
FERL Y R T LDRER
BROEFEE R
EEARAL S
AHDBESRAAL
tO¥4F+IIR
RERMBARAAL
Lyapunov REH
okt

0k 3

FERRDORERE

U 2R ER
HREN

RO FB R

R0 FB R
FRBRBE positive real
MBRMBE IFP/OFP

HRR ORI
BT 7/ 7B

S8 OFP(—k) THBTE&LY,

V <1 (w1 + k) = —ta(yo — kiin)

ZT. 7 2DEERIC dy = uy +y2/0 ERATBE. Us (1
(UQ 7& 0) b‘
&V, 2RIEKIFHIHERE,

+ U v
0 System 1 y Y
— 1
Vs U, + i,
A
N

Y27 LHIERR

THRFREDRHIRE (2)

GtEIS L.

Vi <My = (u1 +ay)" (w1 /B +y1)

1
:04;5{1%4_ +5 Ty + fﬁylw}
[ e)- N

2—kdz)>0

S5N%, £2T. V<0 (51 #0) &ERY, CORETREY
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Y27 LHIERR

2014 fFHiHA - 119 / 154

iELsic
IRV AT LORR
BOFHEL—FH
BERAAL LS
AHABEARAAL
tO44+3I0R
REEBBARAAL
Lyapunov ZER
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)i 3

Ok i E SEIEN
of/(B-a)

1/B)1

U N y
IEHEWVT. o D5y ETORDZHMNICIEZ T LLEFARTH S,

R RDRERN

vV SR ER
ENREN

WD FB &

R0 FB 4
FBBRBE positive real
MRRMWE IFP/OFP

TR DB
HEY 77/ 7858

LI
RV AT LORR
BOEELE—FM
BEERALE I
AL
to44+3I92

IRAEB AL

Lyapunov RER

Akt

ZEhit

R RDRERN

vV SR ER
ENREN

+535%ME

BRD FB R
FBBRBE positive real
MRRMWE IFP/OFP

TR DB
HEY 77/ 7858

Tl o :g/(ﬂ_a) (u1 + ayr), Y =u/B+y E1ZBDT.
‘Hﬂ@ﬂ

St 1 O

BARDNRENICEDI L c‘:%ﬂ%?ﬁ%o
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BRDBEDT 1 — RINy 254 (1)

EEEZRFGL SISO R Go(s) DFAF X MERZEEZ S,
BEDf. Go(s) DIRIZEH EICEWNE L, EXRTFEOAFEIC p EDHKR
2H2L9 %,

T4 VKRB (Gain Margin): Y AT LD (o, B) DT A VRBER/FDOE

iZ. FAERFEED. —1/k+ 0 (Vr € (o, §)) EREEEARAIC p E
felFE3Z & TH B,
—=
A0
. 4 ® [ ‘Re
1 1\ ) ]
o B P / /
)
s

U Z&H# (Sector Margin): ¥ X7 LD (a,8) DEI ZRBERFD
ElE 2% (o, 8) IR LTHERREL GBI ETH B,
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BREDBEDT «— KINY TR#%E (2) BRI & positive real

oo | [PBR® (Disc Margin): ¥ 27 it D(a. §) DEBRHERD (X, promepeegnll IS Lk L
posweoss || o2 R, (1 D) o ssmpe LTz <1 1 — AR positive real DBIF:

it P —— | —+ = ' - =-= o . .
P 2\a ") "% “2\a msavees ||y &L, Gols) B D(a, ) OFBRBERDHESIE,
awmsese || g (RGSEHL) ICEMET. REHARIC) BRFESTET supmsene
ol B oS P — G(s) = Gol&) + (1/8)
Lyepunen ZOMP®%E D(a, ) LRI 5o - aGo(s) + 1
o _ Im oS . .-
J— R B — 3 StrICtgﬁﬁltlvﬁ%(:I;jpgm (CiEEfblE LEULD
T v Go(s) D A MR D(a, 5) e ELDN\ D(a, 5)
e bhranan s \ e sSmar e % pEl& YD BT e %, ((s) I positive real TR,
oan — e E— Toan
mm FB % _é 7%\,/’“} / ﬁ&ﬂfo FB %%a 3'5%7?’%0)%@%&7@'&?‘1\ System 1 b‘ﬁﬁ?% Go (S) 0)(‘_’_ N
/// / —— (/B ,
FRRHE IFP/OFP L REBRME IFP/OFP N + Lly'] _ Go(s) +(1/8) .
BRROBIE T BHROH F’@"';l’ - f Llu"]  aGo(s) +1 LIV
BT 7/ 7B - . . N Y 77/ TR
I [(FA2%#) > (L7 5%%) > (FBRHA) R %

DRI S T EHTEM
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4 R48 & positive real(2) P84 & IFP/OFP

% R, FHR T positive real = SENMNTH Y., EBBOEFZTIEWND ;‘;:":—Aﬂ AT « ATERAIGIERRITT L T TFDERD LY LD,
HAZRORR — | HAHAITH R D 5. UTDEEHNESN S, FREZATLORE O

e — | [M&f& (Disc Criterion): & L. Go(s) B D(o, ) DFIBRIAER et — | |OFP LRERE: MFD3IDEFE TS,

JR— 55IE. (a,f) DETARBERD, PE— 1. HBEDE e HEFEELT. RH OFP(—a+¢)

2O8F39R vOsLFIHR 2. PR D(a,00) ZHFD,

R WlERE Y I TE 0, REREEA 3. IXTDIFP(v) (v > o) CREBMWENEREGHREREDT 1 —
Lyapunov ZEHR Lyapunov 2R KIVvy 248D KIBMICEHERE S K5,

sntt ot

Eo B — < <

IFP EMHBRMA: L. HBEDEHFEL T RDIFP(—1/8+¢€)
e R e R GolE. BBRE D0,8) /D2, #bHEHE,

Torgs +oRH

WRO FB 2% B0 FB R

[0 B ﬁve - s ’l‘:B foﬁtive real

a\ N

BT BRI T =

w77/ TR Y 77/ TR \_%/ &/
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A ARERAAL
tO¥A4F+3I9R
REMBARAAL
Lyapunov REH
okt

Stk

IR RDRER

RARAIFOER
HBEOBHRTIE
Hamiltonian

W vy FIVE#R
E#sER

i

¥ FB

KTV v VBB OHRE
EREH
ZROKT VY v IVOBEE

Ll
FERL Y R T LDRER
BROEFEE R
EEARAL S
AHDBESRAAL
tO¥4F+IIR
RERMBARAAL

RENE % AL T HERZR O FI 1
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EEDEMHRTIE

EBEDHEZRTIE. EFTRILF—IE.
. 1. .
T(q,q) = iqTM(q)q

DESNCZRAATEIT S, TITT. M(g) XEMITH TEEX,

Lyapunov RER
okt

0k 3

IR RDRER

RATNFOER
Hamiltonian

Wov v FIVE#
E#ERER

i

7% FB

KTV v VBB OHRE
E#ZH
ZRORT VY v ILOBE

ZDEEFED, Euler-Lagrange H12:

M(q)G+ c(q,4) +9(q) = u
C(q7 q) =C1 (Q7 q) + 62((]7 Q)

ci(q,q4) = {M} g (AVAUAN),

Y27 LHIERR

2014 fFHIHA - 127 / 154
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IRV AT LORR
BOFHEL—FH

BERAAL LS

AHABEARAAL

tO44+3I0R
REEBBARAAL

Lyapunov ZER

65133
)i 3

IR RDRERN

TSR O
FRITNFDEE

HEDEHRTIE
Hamiltonian

W v v FIVER
E#HEX

)4

#¥ FB

RF Vv IVEBORZE
E#ZH
ZRORTF VY v IVOBE
)

iELsic

RV AT LORR
BOFHEL—FH
BERAAL LS

IR HZFDEE

TDON—=IDSEN—INMNF THERNFZB/ELE S,

M: q= (q17~--7(I'rL)T
N u=(ur,...,u,)"
BETRIVF—: T(qq)
RV ¥ IVIRIVF—: W(q)

Lagrangian (Lagrangean E £ AEW3): L=T-W

Euler-Lagrange H123:

N7 MVREET B &,

d (9L _ oL
dt 8q2 8qi N

¥ AT LIRS

Hamiltonian

T
R {LEEE: - [g—ﬂ
ZTDHER: = d(p,q)

AL
to44+3I92
IRAEB AL
Lyapunov RER
Akt
ZEhit
RO RERE

RITNZOEE
HEDEIHRTIE

W vV FIVER
E#HEX

)4

#¥ FB

RF VY v IVEBORZE
E#ZH
ZRORTF VY v IVOBE
)
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Hamiltonian:

H(p,q) = [qu — L(q, (D] |q:¢(p~,f1>

EBIIRIVF—DZRERT = (" M(q)q/2 DIHE

—HRALEEE: p = M(9)q

1
Hamiltonian: H = ng]W(q)fler W(q)

H%q, ¢ CRELGEHT &,

1
H=5q"M(@)g+W(q)=T+W
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IR RDRER

RARAIFOER
HBEOBHRTIE
Hamiltonian
(L5 Fs
E#EARER

i

¥ FB

KTV v VBB OHRE
EREH
ZROKT VY v IVOBEE

Ll
FERL Y R T LDRER
BROEFEE R
EEARAL S
AHDBESRAAL
tO¥4F+IIR
RERMBARAAL
Lyapunov REH
okt

0k 3

IR RDRER

RATNFOEE
HEOWHRTIE
Hamiltonian

Wov v FIVE#
EEHER

S

7% FB

KTV v VBB OHRE
E#ZH
ZRORT VY v ILOBE
filRE

dq dq
p, ¢ L CRIBLIEEED, H OWUNENL: dH = ¢Tdp + pTdg — dL
dL ZRAT B L. p DEELY pldg DIEHF+ L)bEN,

Lot n |5 ai+ |5

dH = ¢Tdp — {a—L} dq
dq

LiehoT

oH
s
oH|  [0L
T
H % p,  TRLUTz& EDREMS L% g, | TRLR L ZORMS
D& SBEBERE Legendre B L N3, |
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Hamiltonian system D&%

Port controlled Hamiltonian system: AH71{F® Hamiltonian sys-

tem
,_[oH]"
= op |
_[em]",
p= 3q U
ro1”
Y= 37) (—fI)

Port controlled Hamiltonian system | H #X FL—IB8E LT
ZEH
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AHABEARAAL
tO44+3I0R
REEBBARAAL

Euler-Lagrange 120 & Y.

,_[or]"
p= dq u

ZHRE, FIBESNEARHALY ., ROAHESNS,

Lyapunov REH
65133

)i 3

IR RDRERN

RITNZOES

HEDEHRTIE

Hamiltonian

W v v FIVER
EZE

it

#¥ FB

RF Vv IVEBORZE

E#ZH

ZRORTF VY v IVOBE

)

LI
RV AT LORR
BOEELE—FM
BEERALE I
AL
to44+3I92
IRAEB AL
Lyapunov RER
Akt

ZEhit

RO RERE

RITNZOEE
HEDEHRTIE
Hamiltonian

W vV FIVER
E#HEX

FEtE

2% FB

RF VY v IVEBORZE
E#ZH
ZRORTF VY v IVOBE
)

Hamilton DIEFZEFTEN: p, ¢ TR LGEESERXIE

,_ [or]"

q= op
'*—a—HT—i—u
p= aq
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BRIGFEET7 «—FN\v o DBE

ZhLAf%lE. Port-Controlled Hamiltonian System D#liHl%EZE X 3,

RE:

v EBIXIVF—H. ZRERT =" M(q)q/2 =p"M(q)"'p/2D
oz LTWBEIRE (M(q) > Moy > 0).

v RTFVIvIVIRIVE— W () DRIMEDTEET B LIRE. TD
=IMEZE 0 EBEWLTE—RIEIFRDNEL,

BCu=—ky=—kiBEBT4— RNy &R, H=—kyTy=
—kiTgo DEYV p—0 (t - 0) &z, RIFRELRETNS, TSI WH
g ICEBLTEED DBIHIRICIEER T OW/0q £ 0 (v £0) THIE. REE
HE Y RIEKEWICEHLRE,

u=—kqIxBd74—FI\y 7 (D HE):
W(g) =0 £EBFHERICK L THERE

KT VY v VR W ZRE SO TENZHEHEL
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RT3 v IVEBOURE

IFL&lc

IR Y R T LDRE
ROFEFEE—BE
A RS

A ARERAAL
EO¥4F+3I9R
REEREARAA L
Lyapunov REH
HORME
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IR RORERNE
HHROHE
RARAIFOER
HBEOBHRTIE
Hamiltonian

W vy FIVE#R
E#sER
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%% FB

(57> 5 v I oRE |
EREH
ZROKT VY v IVOBEE

FETZRT VI VIVEE: W(g) (¢ IcELTEEDDBEHRICIER
AT, oW /0q #0 (z #0)) _
#1 LUy Hamiltonian: H(p, q) = H(p,q) — W(q) + W(q)

=T(p,q) + W(q)

3 R I e e

EEFREXUIHA

. JeH1"
i= (%)

=T T T
T
y:[%g}<f@
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Lyapunov REH
okt

0k 3

IR RDRER
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HEOWHRTIE
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Wov v FIVE#
E#ERER
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7% FB

KTV v VBB OHRE
EXEZH
ZROKRT VY v ILDBE

FLWRT Y v VEBHD IR OBEEEZ 5,

ks

W= 5(61 - CIO)T(Q )

TCTC L. k1 >0 C. q0 & q @E’ﬂ%fﬁo
T5E. ANEBEOKIE.

u=g(q) —ki(q¢—qo) +a
EiEB,

ESIT, = —hpy = ko (k2 > 0) ETHIE, W(g) =0%2H (L
SRDZEIE ) ICKIFMITHHEARE,
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AHABEARAAL

# LU Hamiltonian ICB8 L TIEEARRDOEICES LS. 74— F/I\y
VERDB,

tO44+3I0R
REEBBARAAL
Lyapunov ZER
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)i 3

IR RDRERN

RITNZOES
HEDEHRTIE
Hamiltonian

W v v FIVER
E#AHEX

)4

#¥ FB

ATV v IVEBORE
AL
ZRORT VY v IVOBE
)

T
ANE#(T1—FI\v o) u:g(q)—[%] +u

ZHa#% D port controlled Hamiltonian system:

d={%frw om)”
p__[aH}T_HJ y:{(‘)ip} (=4
dq ‘

v EEEH DEUNIIWFZTVORE+ANEERT. FID port
controlled Hamiltonian system HN&H N3,

v ZEREOVATLLZEMNERLL, 0= —ky TRELTE, SEIE.
RETEDNBATIERT V2 v VBB DEITIUR,
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ZRORTVI v IVDIFE (2)

LI
RV AT LORR
BOEELE—FM
BEERALE I
AL
to44+3I92

IRAEB AL

Lyapunov RER

Akt

ZREART Vv IVDBEOREHWEIY FO—3:

u=g(q) — koG —k1(q— qo)

v g(q): ENEDHHE
v g RIBBIGREIEERIRIA, D(157)- i,
v k(g — q): (UBRHEE, P(ELHI)-HIE,

)ik 3

BEREORERE | EIERHE LRI PD HIET ISR ICIRERE
ot EFR Y AT LTHBICE DD DS T

i EAEREHE T 1 — FI\ & OB TABMICHEREILTE 5,
et = FTADEA T I Z0OFOEEEFE LIHiE

e (dynamic-based control)

7}'5?79*/1/55&035‘(2

ESEs

ZRDET VT ¥ IVDBE
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HIzE (1) Bl (2)

IFL&lc IFL&ic 3 - = = :% . & \E v =
P — v BEm OBE Y BEBOS PO — v ;E%?g LIcBEm DIE% -, ShETAZEEL LT OP DAE
pr— PRl S romieat | _GEREANY MVE g — (1,0.)7 = (0,2)7, —RAGRENY bIVE
J— 25N, ZOARAZES [— i=(¢1,42)T = (0,2) £B< e ¢ ITRIET 2—RILEEHENT b
COFAFIHR K * = L8139 :{%“:3‘?‘(0 SR T AT, % 0
RHERR BRI ° KAE BRI It - \:_.E\ - ] - 3 ¢ . A
S — v 0 ERNCLTEEL, S v (JQT pi)“T SR e = 0L )= (020,27, BB
P D OP DR L, - ’ )
st v BEnDHBHLYERVERD Eamt EHIRILF—:
EERRORERS lF0olc—x%L. BEm DB FEROTERS J.o m . .
&Y BRI OIERE— T =507+ S {(z* + L*)0* + 200z + 27}
WiTNEOER N BihFORE
EEOWAR THE A I“Ei Jo HEOWHRTIE 1 T () — 1 [J+m(L?+22) mL].
v ENEEE G LB =50 M) =54 mL m | 9
il ‘ v [EEREhE b IVY r TEREIE A e
w2 B W3, - AN 521 B RV ¥IVIXRIVF—:
7 umsoss VRGO A B 1 177 o
I—Eifﬁ“vamt# LK #mG A hvae) gﬁfﬂ%‘yywm%A K K
- U= Ef—&—mg(L—}—ym) = 522+mg{L(1—cos(9)+zsin9}
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5l (4)

bk | SHSYITVL=T-U sk | RE, ZONIIV ST VIREEREBTEL,
omsme | FAT=FI5VIapEN: Morene | BEENENINEITY: H=H 1 g
BESRALL MBS i
) . . T . — p—

A BB M(q)G+ c(q,q) = <O) RAal i |H(:r) & k1 > m?G?/ K im51E. IEEBE
EtO¥4F+3I9R tO¥4+3I9R
REEERTA (@ d) <2mzéz’ +mG(zcosf + Lsin 9)) RemEmER ANZE#H: u=—kiq1 +v
Lyspunov %18 q) = a2 . Loopunoy BE THBOIEER:
- mz0° + Kz + mGsinf o T OIEER
=g R = ) . i S [
SHEHRORERE —iﬁﬁﬂﬁﬁ: p= ]\/[(({)q BERRORES® q= %i(: q)
NIWRZT Y H = p"M(g) 'p+Ug) Oz — o
ot ' ; o . . v
i 7R i P="%¢ " (o>
Wov v FIVE# Wy > FIVE# q
EfpE  OH AR oH
i= 2y V= Gy =0
£ VERORE p T2y VERONE n

AL R
iﬁmd—iv‘-‘/-‘/wbm%% p= —a—H + T Eiﬁw'ﬁ‘/*‘/ﬂ'f@‘%ﬁ N, SEY,
dg ~\0 L
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A ARERAAL
EO¥4F+3I9R
REEREARAA L
Lyapunov REH
HORME

ik

IR RORERNE
HHROHE
RARAIFOER
HBEOBHRTIE
Hamiltonian

W vy FIVE#R
E#sER
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¥ FB

KTV v VBB OHRE
EREH
ZRDKT VY v IVDBEE

IFL&Ic
Y AT LORR
BROEFEE R
EEARAL S

A ARERAAL
EtO¥4F+3I9R
RERMBARAAL
Lyapunov RER
okt

0k 3

IS RDRERE
RO
)77/ 78
Lyapunov BSEDEMF
w77/ TR
Sontag-type #IfHEI
Sontag HIHAIDHER
EH

Sontag HIHAIDELE
REUEFETOD Sontag-type
A

NATHEFE
KR ERTREMES cIf

P& (5)

CTORERRH M ZIREET %, vy =0, u=0DEE, ¢ =0 =0 (const.),
0=0,0=0TH3H. ZDL&EEHAERI.

mLz +mG(zcosy + Lsinby) + k16p =0

mZ+ Kz +mGsinfy =0
FEEET B E

k16p = z(LK — mG cos b))

LK —mGecosty # 05E5IE, 2 ICDWTHES TEDTE. 2 ITFEH 200
z2=120, =0, ;=0 ZBERKAL. SEIE 2 B HET S L.

Kki16y + mG(KL — mG cos 0) sin 0y
212

= Kk10yg + mGK Lsin 0y — m sin 260y =0

k1 > max{m2G?/K,mG(KL + mG)/4} lcxt L. BDDFEL 6, DFFS &
—BL., 0=0,=0, Ffe. 0y & 20 DEHERK Y., 2 =2 =0,
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REEBBARAAL
Lyapunov ZER
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BiIZE (6)

HE L. LK —mGcosly =07%&5I1E., s &ZBEELERAELY., 0p =0, Thi.
LK = mG DESITING A—2EmBATEEE LHERNGL, (HBEH)
ISRASEAIZR DR HITEME &K W HIBSAAFIERR Y IV DT,

LK —mG cosfy # 0 DMERTES,

REle&kY, CORERIBRHEESRYIDODT, 71— KN\ T y=—ky
FRRZE KIFHEHARELT 5.

)i 3
IR RDRERN

RITNZOES
HEDEHRTIE
Hamiltonian

W v v FIVER
E#AHEX

)4

#¥ FB

RF Vv IVEBORZE
E#ZH
ZRORT VY v IVDBE
flza
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RV AT LORR
BOEELE—FM
BEERALE I
AL
to44+3I92
IRAEB AL
Lyapunov RER
Akt

ZEhit

RO RERE
R OB

H) 77/ 7E8%
Lyapunov EISO&ME
HEY 77/ 7%
Sontag-type IR
Sontag HUEBIDHER
E

Sontag HUfEAIDE Y

ey
AT
KETIEREFTREME of

BHER EALHITER]
u= —kiq — ka1

fefe L. k> max{m?G?/K,mG(KL 4+ mG)/4}, ko > 0,
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REET 4 — F/\wy U KD Lyapunov B DAESM (1)

iR H5VRAT L
&= f(x) +g(r)u

I LT, HBIRET 4 — KNy ZFIEE v = o(z) DRETEN. 3
EPIRICIER 575 Lyapunov B V (z) DE & TRIVL— T %:

i = (@) = f(@) + g(x)alx)
ARG REE T B,
TTC. ZDEEV(2) DBl NEXEERDEK S,
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RET 4 — F/\y I RO Lyapunov BAEDHESREM (2)

HEU 7 7/ 7B

Ll
FERL Y 2T LDRR
BROEFEE R
EEARAL &1

A ARERAAL
tO¥A4F+3I9R
REMBARAAL
Lyapunov REH
okt

(z #0)
THBH 5.

—R. a(z) % L,V ERHDFETAEC LN, BTV IZBICTESRLS|

LAL. L,V(z) =0BZRICEVTIE. V OWAICATT u=a(z) IFEHE

Stk
IR RDRER
R ORI

OTE,
— ZDESHEET LV <0 (¢ £0) THIBE,

Lill: D -4
Lyapunov BSSDZH
w77/ TR
Sontag-type HIfHAI
Sontag HIHAIDHER
EH

Sontag HIHAIDELE
REUEFETOD Sontag-type
e

NATHEFE

KR ERTREME S cIf

iFLoic
FERL Y R T LDRER
BROEFEE R

VT 7/ 7BV (2) DRERM:
LyV(z) =002z #A0%BRz BT, LV (z) <0

ZDFMEIE. FIEHE o(z) ITESTICHY ITcRIFES

2 AT LIRS R 2014 £EHiHA - 145 / 154

Sontag-type fi{EE

CIf V(z) BEET BHE5
Sontag-type HIfEEI:

BESRALE
AHDEERHAL
tO44+39R
REERERRAAAL
Lyapunov REH
Bkt

BEt

IR DRERE
RO
Lyapunov BIEIDEMF
Y 77/ TR

Sontag HIHAIDHER
EtE

Sontag HIHAIDELE
REUEFETOD Sontag-type
A

NATHEFE

KR ERTREMES cIf

u=as(r) =
LV A V(L V)? 4 (LgV(LgV)T)?
LyV(LgV)T
0, LyV =0

(L!]V)T7 L(IV # O

&, RZEIERENLT B,

D&Y, IARELT BLIHENGESIE. FIHEZDELDZERT 00
DIT, cdf ZRBD1F% 2 & T, BRIERTES,
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iELsic
IRV AT LORR
BOFHEL—FH
BERAAL LS
AHABEARAAL
tO44+3I0R
REEBBARAAL
Lyapunov ZER
65133

)i 3

IR RDRERN
HHROHIE

) 77/ 788
Lyapunov BEIDEM
Sontag-type IR
Sontag HIEHBIDHER
EE

Sontag HUfEAIDE Y
BEUAETO Sontag-type
ey

AT
KENFHELRETREME S clf

LI
RV AT LORR
BOEELE—FM
BEERALE I
AL
to44+3I92
IRAEB AL
Lyapunov RER
Akt

ZEhit

RO RERE
R OB

HE) 77/ 7R
Lyapunov BSEOD&MF
Bt 77/ T
Sontag-type IR
Sontag HIHRIDHER
TEM

Sontag HUfEAIDE Y
BEUAETO Sontag-type
ey

AT
REMFHELREFTREME S clf

HIfE1) 77 7/ 7B8%k (Control Lyapunov function, clf):

BV (2) B R = f(z) + g(x)u < LTHIEY 77/ 788
(cIf) THB &I,

v V() ZBSHTHRITRICIES Rz IEEREK

v LV(x)=0bD2#0%3BRT. LiV(z)<0

DY IIDT ETH S,

Zhld. BIV—7RDVT T/ 7O BEXH.

ROR—ILE T, WIS, f PEETNE. (ERBETANBRET
BAEFALT, ) REMEREIT BRET 4 — RNy S5IE8] o, () B
ENBT LETES,
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Sontag-type HlfHBIIC K B FHARE(L

Sontag-type FIEHBIC K URNIHAREREINE T L%, HERT 5,
Sontag-type HIEHRIDE & TOD clf V(z) DEFEHA Z5ET %,
v L,VA0DEE:

V =LV + L,Va,(z)

— v = {5V LV @y

- —\/ (LV)?

v LV=0z40D&E:

+ (LaV(L,V)T)2 < 0

V=L;V<0

DY, VIREE = LoT. REAEMICHERELES.
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Sontag-type I 1B DEHT

Sontag-type HI{EIRIDEHE (FeF)

Ll
FERL Y 2T LDRR
BROEFEE R
EEARAL &1

A ARERAAL
tO¥A4F+3I9R
REMBARAAL
Lyapunov REH
okt

Sontag-type HIHBIICIEZ. L,V D 0D E I DDEREHIEMTNTLS
B as(z) 1 LV =0 DEZERICREREESHEWTHA5H7?

e B b

0, if b=0and a <0
o+ VaZ T B a

——  elsewhere

¢(a7 b) =

Stk b
IR RDRER _ 2 > S
P & S ={(a,b) € R?|b>0o0ra<0} LTEERNTHS,

Lyapunov BSSODZH
w77/ TR
Sontag-type HIfHAI
Sontag HIHAIDHER
EHE

REUEFETOD Sontag-type
e

NATHEFE

KR ERTREME S cIf

Ll
FERL Y R T LDRER
BROEFEE R
EEARAL S
AHDBESRAAL
tO¥4F+IIR
RERMBARAAL
Lyapunov RER
okt

0k 3

IR RDRER
RO

Lyapunov BSSODZH
w77/ TR
Sontag-type IR
Sontag HIHAIDHER
EH

Sontag HIHAIDELE
Ej.ﬁ.‘i&f%'(“tl) Sontag-type

KIFRHERERTREM L cIf

SERA: p ITBEY % 2 RATEK. F(a,b,p) =bp? —2ap—b=0%EZA3, Th

DS LETOREE p = ¢(a,b) THB (b=0, a < 0 5Z2FRBEEE).
O 00,0 = 2/ T £0, (@) € S
THHENS. BEREREY. ¢(0.b) bERIFNTS S,

Y27 LHIERR

[REUE{ETD Sontag-type il EE]

[REGEfE T3, Sontag-type FIHANZE S H>TWVEDTH S Sh
L

m) -0
o (x) = 72?7

o, (x) = 0

g

o, (x) = 7772

LV > 0 DFEEDSEDICIFEF. ay(z) DMEAICHERET B0, —HICER

EW (LyV & LV DRFEFED o (ST 54 — 2 —DRRE)
= FRT o, BEBT SaHEH,

Y27 LHIERR
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iELsic
IRV AT LORR
BOFHEL—FH
BERAAL LS
AHABEARAAL
tO44+3I0R
REEBBARAAL
Lyapunov ZER
65133

)i 3

IR RDRERN
HHROHIE

) 77/ 788
Lyapunov BEBIDEM
HE@y 77/ 78
Sontag-type IR
Sontag HIEHBIDHER
E

BEGAETO Sontag-type
ey

AT
KENFHELRETREME S clf

LI
RV AT LORR
BOEELE—FM
BEERALE I
AL
to44+3I92

IRAEB AL

Lyapunov RER

Akt

REGAEUN TORENTE:
V(x) BMEIEIY 7 7/ 7Bz 51, Sontag-type HlIfEIR o, (z) &R
RUAEZEIRE RN TH S,

GEBA: BIN—Y ORI, a=L;V, b= L,V(L,V)T ZRALTEZ %,

() = 0, z=0
TN (L VLV (L V)Y LV)T, 2 #0

THBDT, BASHIC, a,(r) BRRIAEZREERBFNTH S,
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INATIHFE (Small Control Property, scp):  CIf V(x) B /hAS
FHEZR LTV LR RRAECEREEIER a.(z) (ac(0) = 0)
HEELT.

LV (x) + LyV(z)ae(x) <0, Yz #0
EEBTETHS,

)ik 3
IR RDRERN
HIHROHIE

) 77/ 788K
Lyapunov EISODEME
HE@y 77/ 78
Sontag-type IR
Sontag HUEBIDHER
E

Sontag HUfEAIDE Y
BEUAETO Sontag-type
e

AT
KEMFHELRETREME S clf

Scp D%, & TD Sontag-type FIHBIDESE: Scp HimlcEThs.,
Th5bHE V(z) & Lyapunov B E LERTER LGB K S GERAR
ETEGGREHED 1 DTEHEHNIE, Sontag-type FIHEE EIF T
H3,

SERRIIRDN—T
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INATIFFIE (K &)

Ll
FERL Y 2T LDRR
BROEFEE R
EEARAL &1

A ARERAAL
tO¥A4F+3I9R
REMBARAAL
Lyapunov REH
okt

Stk

IR RDRER
R ORI

Lyapunov BEIDEM
BT 7/ B
Sontag-type #IfHEI
Sontag HIEHRIDHER
E

Sontag HIHAIDELE
REUEFETOD Sontag-type
IR

NATIEE

KR ETREME S cIf

. FRLA RN THEDT, REAYEIFEENUEE L,
|LiV| <|LgVllae|, LfV >0
THBDT.
sl < lael +/lac + 1LV, LV 20
BB, —h.

las| < |LgV|, LyV <0
TH B, 00 LV EHITEFHTHBH5, . HEH.

Scp ZGIEY clf V(z) BEET ML, Sontag-type FlfHAIZ RN T
Elc &Y KR E FTHE
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iELsic
IRV AT LORR
BOFHEL—FH
BERAAL LS
AHABEARAAL
tO44+3I0R
REEBBARAAL
Lyapunov ZER
65133

)i 3

IR RDRERN
HHROHIE

Lyapunov BEBIDEM
HE@y 77/ 78
Sontag-type IR
Sontag HIEHBIDHER
EE

Sontag HUfEAIDE Y
BEUAETO Sontag-type
ey

AT

AEREREATREM L cf

REFHENEREFTREME & cIf

ERELWZ T, BETIERHELES,

EE: @BFNER = f(z) +g9(x)u £(0)=0H. ERTEOEES
EGAIKEET « — BNy ZHIEAIC K 5T KIBHEHERE(LTES
eHDRBE+SEMHIE. scp ZHT-TEBRARMOATEES cf V(z) BE
HEITBHILTHB,

T T clf IR TS < EREH D FTREICTHEH SN TV S, Thi
W7 T/ TEBEDFIRICEBHD,

faom & LT,
& LERTEOICGZEEHRET « — F/\y JHIERITRENNLAR

ELDAIEETH B LSBTV AT LICK L TlE. FIT, scp R THE
FREIMS A8 clf V(r) BF7E L. Sontag-type HlIfEIEIE&ERE & 75
Y KISMELARZE(LDER TN S,
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