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x'(k+1)=ATx"(k)+C"u'(k)
y'(k) = Bx'(k) + Du’ (k)

o Y AT LOREREITIIE. TTDRDIERKITDERE
o KT, 1 AN 1 HHRDIFEIE. (HERBH—K
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WS> AT s & FEFR AR R

TTDYV AT L o
X(k+1)=Ax+ Bu
x(k+1)=Ax+Bu JE:EE%@ y=Cx+Du
y=Cx+Du rEax -
i 4:TAT B=TB
C=CT %D:D
Wt 27 L -
Z(k+1)=ATz+C™W/
2k+1) = ATz + CTu BERE jﬁ y=B'z+D"u’
y =BTZ+DT ’ Z_(T) Z B _
= A=TAT',B=TB

cC=Cr1,D=D

IRDEBRD—ET B DITIEIT > AT LOFEFEHIETD L I LR T
5750
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A HIEEZE (1)

AIEVAIE R OIS AT Ls: B CAHSIBRZRD

TR (RIS ETEERY)

0 1 0 0
x(k+1) = oo k() + | )
0 0 1 0
—ap —ai -+ —dp-1 1

y(k) = (C09 Cly-evs Cn—l)x(k) + bnu(k)

fefel. ¢i=b;—aiby,
AR, AJENEEEER EMPINE, BEMNICHERIEEER VD,

buz"+---+bg Cno1ZV 4+ 4 0

G(z2) = =b, +
A a1+ +ag | a1 4 4ag

EHEE L,
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A HITEEZET (2)

BIFIEIERERO T O Y 71EK:

y(t)

S R &
I b(]* ll()bnl I b] - albn I bn
e Bl | S I
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AIEER - ATERAIE




A EEM - ATERAINE L X

AIEETHELROA

xl(k+1) _ Ay | Ag X (k) b

s ) = [ G0+ (5w
x2 VT, B, HDHWNEEEMNICE ANISER LR,
AIERAI TR LROF)

x1(k+1D)\ [ A1 ] 0 ] (x1(k)
(x;(k+1)) ‘[ TRy ] (x;(k)) +bu(k)
vk =(e1]0) (i;gg) +du(k)

Al B HEWVIEEENICD xo [FERLEL,
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A 2EMEDE SR
BN 5. (EEORIES x, (CHRBMAICEETE 2 ANFINEETNIE. Z
DRIFFIFETH D LS,

o] HIEEDE &

EERDOVHAR x, 5. RRAUHREERICEIETESANFIDEFEIT N £
DRIFAFEATH B EN D,

o ERFER Tl
(RIHIEME) = (RIZ)EE)
Thofch. BEREERDBEIL.
(AJHIEER) o (AIELERR)

o FEMLDIX. AEEMDIZS THD,
o BEHRIRDIFETH. LEDAIZERDT %M L TAFIEMEE LATL
BHEHEL,
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A ERAIEDESR

B] BRI DE &

A u(k) BEERID & E. BRDHEFIF v(0), y(1), ¥(2),...y(N) DEAHEDL S,
AT LOFHME x(0) Z—BITGRET BT EDNTEDZDTHNIE. VAT LKA
BRATHDEWNS,

o THE5MIFSIF. EHEFHEREF L,
o MEEDKEx(N) Z—RITRE| EEHRZXBLCLED & BEERER
TIESERICE S, —A. EREERTZROBSIERIETH o1,
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B BEEDSRMF (1)

N A7y 7ETxy I[CBETEBEMERD S,

N-1

x(N) = AVx(0)+ 3 AN Bu()) (= xy)
j=0

u(N-1)

[B AB A®B ---ANlB]( =x; — AN xg

u(0)
A xo H BB N IR x, |CERET B 1 BOUBHHELEE,

rank [BAB A’B --- AN"'B] =n
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EMEDSRMA (2)

Cayley-Hamilton DFEEHNS. N > n x5,

rank[BAB A%B --- AN"'B] =rank[B AB A%B ---

An—lB]

A EEMEDBE+ DRI
%b?ﬂ&?%%t%@%g+ﬁ%#u\

rank[BAB A?B --- A" 'B] =n

T#%H %, [BABA?B --- A" 'B] A BEHITHIE VD,

\

(BE) AIREMEORE ISR
AL T o BT DUBAIRAFE

dim{span [B AB A%?B --- A" 'B] nImA} = dimImA

A\
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eI ERRIEDSRMF (1)

BORALY

Cx(0) = y(0) — du(0)
CAx(0) = y(1) — du(1) — CBu(0)

1
CA%x(0) = y(2) — du(2) - Z CAY™ Bu(j)

Jj=0
N-2
CAN=1%(0) = y(N - 1) —du(N - 1) — Z CAN=I=2Buy(j)
j=0
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A ERRIEDSRMF (2)

£oT.
¥(0) — du(0)
c v(1) = du(1) — CBu(0)
1
cA y(2) —du(2) = » CA™/Bu(j)
CA® | x(0) = JZO
CA;H =
y(N —1) - du(N - 1) - Z CAN=I=2By(j)
j=0
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eI RIEDSRMF (3)

Cayley-Hamilton DEEERAWS ERDEEHIFS5NS,
o] LRI DB+ 5%

RHOAERTH B Iz DARBE+DEMIE.
C
CA
rank cA? =n
CA.n—l
—6560 (n = %a):kﬁ) )
W % [k 71 DRIV
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Al HHEEZERCN\DZHE (1)

1 AN L HADAERES AT L
x(k+1) = Ax(k) + bu(k), y(k) = cx(k) + du(k)

. FEIRE
x'(k) = T1x(k)

ICK O CRIRINERERCERT 5 EZEZ S,
o A DFFMZIENZ.

det(Al, = A) = A"+ ap A 4+ a1l +ag

ET %,
o Ffc. FIRLEMITY (AIHIENETTS) %

U, =[bAb A®?b --- A" 1b]
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Al HHEE RSN\ DZHE (2)

o] I EIE N T D RIRI1T

a5
—1
a a a,-1 1
as as 1 0
T = : .. 0 0 Uc_1
ap—1 1 0 0
1 0 0 0
IC& W RISFATRIEIEERAER NS,

SEERIERDE L
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Al HHEE RN\ DZHE (3)

(SIEER):
Ti = [t1te - 1l
EBL L 3
Z aiAb+ A" (i=1,2,...,n-1)
ti = =)
b (i=n)

E15B, TDEE,
Aty = —agh = —apt, (Cayley-Hamilton DEIE)

Aty =11 —a1b =11 — a1ty

Aty =th-1 — ap-1ty

WF # JdesEks)

T 1 I & )VE
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Al HHEIE RSN\ DZHE (4)

L2,
0 1 0
Alty - tal = [0+ 1] A
0 0o 1
—ap —ai - —dp-1

DRRYIID, e [t t,](0---01)T =b THBDT.

0 1 0 0
TlATl—].: .~_ .', . s le:
0 0 1
—-ag -—aj cee —Ap-1 1

BB,
ZHED c lE. I ZAVWTKROZ T EDTES,
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Al BV IEZECNDZHE (1)

ARG 1 AN 1 BAOR
x(k+1) = Ax(k) + bu(k), y(k) = cx(k) + du(k)

. FEIRZER
x' (k) = Tox(k)

ICK > CRIBRBIEERICERT B EEER D,
o A DEFMEZIEN %,
det(A, = A) = A"+ ap 1 A"+ + a1+ ag

&9 %,
o RIERAINEITY %

Up = [eT (cA)T (cAH)T -+ (cA™ HT]T

ET %,
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P BV IEZEENDZEHE (2)

o] BRI E N DE TS

aj a
az as
T =
an-1 1
1 0

&Y RIIATRAEERATRIND,

o O O O =
&

SEBRIE DN — D LB,

2020 FE1&HA - 3 EENR
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A BV IEZECNDZHE (3)

(SIEER)
Ty=[t] - 1,]"

EBLE

n—i—-1

ajricAl + A" (i=1,2,...,n-1)
ti = =

c (i=n)

&b, £l

1A = —agc = —agty

oA =1t —aic =1 —aity

WA=ty 1—ap1ty
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Al EVRIIEZERENDZEHR (4)

EELUN

0

(] A=t

0
DY IID, Efew (0---01)[e] -
0 0

TL AT, = 1
0
0 1

WD

0 —ap

—ai [tI .. l;lr]T
0
1 -ap-

117 = c THBDT,
“a

—-aj

, clP=(0---01)

—Ap-1

ZHRD b 1. b ZRVWTRDHB I EDHTES,
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PEAZZ R & R REME - AJEVRIE (1)

BEAZEZHE I T B A
PERZZ AR 7(k) = Tx(k) Ik Y

x(k +1) = Ax(k) + Bu(k) - 2(k +1) = Az(k) + Bu(k)
y(k) = Cx(k) + Du(k) y(k) = Cz(k) + Du(k)

EBENET B, ZDEE. TD2 DDRDOFIEERIE—HT S, Ffe.
D2 DDZROARAEL—ET 5.

FIEEN - ATEAIME IS EREIRICH L TARELGEETH S, )
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FEAZZS i & BT REM - ATELRIME (2)

(SEBR) o
[BAB --- A" 'Bl|=T[BAB --- ,A" 'B]

HKXU. :

c C

CA CA

. = .|t

CA? cart
KYBRSH,
WF # JdesEks) T 1 I & )VE
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EIEI ey

VAT LDREEEERET B E rankU, =s <no £2C. T7IVo 097k
(n—s)xn {75 To KEELT.

T)U.=T»[B AB --- A"'B| =0
EB5Be T=[T],T;]" REREBBLDITEYIC T ZRAIE. UTDIEHE
ABo
B BIE F AT 7
BERREM 2 = Tx IR DT Y AT LISATELZEIEES RSN,

NETIENE

D& > BRI S, |

o INIE. TbB=0. BLU AU, =0 &Y ThA = AT, EEIFTBTEKVEE

BEN%,
o Tox(k) I RAIRLEIRERE (RAIZELGE— ) EMHIEN S,
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] u(k)
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pJ g R IEZE R

VAT LORAERRERET B & rankU, =5 <ne &2C T PHFELT
sxni75 Ty = PU, Z1T7IVS 2V UICTED, T =T/, T]]T BERIEBED LD
[TBEEYC T, ZRAIE. UTDTEHNEA S,

B BRI [EAE ) A

PERRZHE 7 = Tx |ITK DT Y AT LISFAIERBIEES R E N,

2(k+1) = [ ﬁ; :3 ]z(k)+bu(k)

y(k)=[ C1 |0 ] z(k)+du(k)

DESICERENS, |
(] Tlx(k) i__TEQIE'JEJk ﬁ(‘:u; ih%)
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aJ3)E - ARG ZEE

B TN MIVZER (R = BHERY)
o FIELELREE (1TN\7 MVZEM) IF—RITRE 5L
o RAIEELGEH (1TN\7 bIVER) F—RISRE Z=>EEEZERE
o AIERAIGE ﬁﬁ?\ﬁbwmﬁ)i—euﬁi%iEEﬁE%
o RAJERAIGEL (TN\7 bIVZER) IF—RISRE ST

B FINY FIVER (REDBNEZKT)
o FJELELFINY MIVERIZF—RITRE 5=>HEFZEH
o RAEIRLERZFINY Hlf":F'ﬁL;t—s- ISRES L
OﬂﬁﬂﬁﬂN7hw2%M—$L&$bﬁv
o RAIHAGZIINY MIVERIZ—RICRE 2=>6EFZ

2T,
o AA[BEEELE—F - AIEAIGE— FIFEEREZM & EREOHE
o T[RELAT— K - RAeIBRAIGTE— FIZEEAEZT/H & EBEOHE
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AAJRER R DIDZEREERR (1)

AEEEESBEN VAT L

x(k+1) = [%H—j] x(k) +
DIEREIE.

-1
G(Z)=[C1C2](ZI—[%12§ ]) [%1

2 ]u(k)

+D

=Ci(zI - A1) 'Bi+D

Lz FAIEEGE— FOREITREMES 5B,
FARATHZEBER.
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AAJRER R DIDZEREERR (2)

o IRERBIIROAEEL OARALGRALITO/HEZXRDLLLEDTHS,

o MEMBNDEBMATNEMED £ FAIEED 2 WVISAAERTHD Y AT L
ST 2EMFEDREN S, D&Y EERRDORFESBTE - €O0RD
BE|HEE D,
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B2 T IVERORIREN - FIETAIM

TH YTV TRERT Ic & > TIEAIRNEY - AIRADMRES NGV LD

AIEE - ATEAIGERR R Z L ORR—ILEZBAWNT, YV 7IVERICEEL
b5, }

(4] ‘@,ﬁﬁﬁaﬁ%x:[“ «
-w 0
#it,

. ((1)) wy=(1 0)xBYYTU Y IRIET TH
x(k+1) = [
(k)= (1 0)x(k)

wT=nn(n=1,2,..) &5

coswT sinwT (k) + l 1 -coswT
—sinwT coswT * sin wT

) u(k)

+1

x(k+1) = [ ; fl] x(k) + é (1 ; 1) u(k), y(k) = (1 0)x(k)

THEEM - AARAOEA LLITHE TG,
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TEMEDER (1)

ATELDYRT L

x(k+1) = f(x(k))

DEEN VT T/ 7)BRETHD EE. FED S5 (> 0) ITHFLT e (> 0) HBFEE
L. Ix(0)] < e E5E |Ix(k)|| <8 (k=0,1,...) £EHFBT &,

ANER E %
ANELDYRT L

x(k+1) = f(x(k))

DEFEHFERE CH B L. BTN T 7/ TRE. D DRIEEDIIHE x(0)
[T L lx(k)|| = 0(k = ) &E5BT &,
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TEMEDER (2)

R (V77T / 7)REM
ATELDY AT L

x(k+1) = f(x(k))

DREDKFH (VT T/ 7)RETHBH L. RNV T T/ TRET. £TDY)
HAME x(0) ISR L. ZNLUEDIREE x (1) (t > 0) NERTHB T &,

RERVANEZ E M
ANELDYRT L

x(k+1) = f(x(k))

(DESR) AKIEMIRERE CH D EE. RNV T T/ TRET. D2 TDHE
fBITXT L |Ix(k)|| = 0(k = o0) E55BT &,

o MRZR x(k +1) = Ax(k) Tld. REFHMHEEBANMEI—KT 5. &
T AT TREH) ER>EDEVTEHZL,

o (BFREN)(V 777/ 7) REMZ LS, (BAIH) #ARE M % LAS, Ky (1) 777
/ 7) REMZ GS, KEFRTENALE M % GAS LBRECT B,
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(V777 /7 [EE) 2 DR (1)

AT E L OREBESRIRAR:
x(k+1) = Ax(k)
175 A =R Ak:
A 0
A=T"1 T
0 An
PEEARZE L 2 = Tx
VAT LOER:
o 0
x(k+1) = Ax(k) = z(k+1)=TAT 'z(k) = l l z(k)
0 An
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(V7 7/ 7 [EE) ZE DS (2)

—hRhE:
Ak 0

z2(k) = z(0)

0 Ak

T12(0) HRE & 5 B2 TDHERE 2(0) I LT
o (k) WERTHABHDRML: || <1(i=1,..., n)
o z(k) MEOICINR YT B%MHF: |4 <1(i=1,..., n)

0 (V7 7/7)RETHZHETHEMHIE. A DRTOEBEDMERHED 1 1L
T (fefe L. BAFENERE EABNEREDREZSEREICH LTIE 1R
) E1xBTETH B,

o IERE CHZHVETREMIT. A D2 TOEBIEDMERED 1 RKiKL 5D
TETHB,

BWERBITHA L e TRBSMA DFERIEE 5D LIBRICTINE,
AL TERWNGED. T 3V 2 VIRERICHRLE R NSRRI RE,
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Ay

ATI-IRREZLE T (ISS) (1)

RIS, ATMFEVATL: x(k+1) = f(x(k),u(k)) DEEEDERZEITD.

Input to State Stable; ISS
RO

llx(K) Il < BUIx(O)l, k) + x (Orsnka}fk IIM(k')II)
HHTeTHOIE. VAT LIZATN-IRRERTE (Input to State Stable; ISS) T & LY
S, TefeLe BIx(0)]l, k) 1 [1x(0)|| VB8 L CEHFRIBIN. £ (TBI L C TR GE

BEREET. B0, k) =0, B(Ix(0)]l, k) = 0 (k — o), Ffew x() |FEFEEINGES:
BEEL, v(0) =0 &T B,

ATMT ERERDELEMDER
AN ERRR:

|

x(k +1) = Ax(k) + Bu(k)
D IRE] THHEE NISSTHBZT &1 EFEERLEKD,
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AFI-RERTEE (1SS) (2)

ANFEEBER:
x(k+1) = Ax(k) + Bu(k)
D ISS THHEREERDEK S,
0 ISS THATHITIE, u(k) =0DEEIELRETHEL TUIESHEL, DEY.
A DL TOEEEDMEHMED 1 K& ThZ2HENDH D,
o WiC, A DELTOREHEDMEIMED 1 FKiEEIRE L.

0 <max|2;(A)]=p(A) <c<1
%*ﬁ;ﬁg ”A” = O-max(A) = VP(A*A)
N7 FIVDKEE EDRBE: || Ax|| < [|A]l - Ix]]
THADA=T AT £ 3 )VF IZEFICEREND L LT,
IAS < m||T|| - IT7H - k™ p(A)K < Le* (k> 1)

fefele miE3&ARY 3270y o914 X, (ROR—VIHEL)
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ATI-IRREZTE M (ISS) (3)

2NN
Ix() 1l < LK (O) ] + L1 =) 1B (Orsnké}fk IIM(k’)II)

\c‘:7§1 Y B(Ix(0)]l, k) = Lk ||Ix(0)], x(d) = L(1 - ¢)7Y||B|ld &THUE. 1SS DERHEE

m/C9 o

AT ERAEREREF R R DL E R

AT EFA TR EHRARD 1SS TH A HDHETDEEIT A DETOE
HEDHENEDN 1 KB THBHI LT ANELV AT LOFERERE—HT 2.
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—%. (/VVR) EEBE:

Y(z)
U - @

TREINCV AT LOREMSIE BIBO REMETERI NS,

BIBO &ZE &

ECOERBEANITHTBHHEOHPRIEVERESIE. X7 LI BIBO ZE
(Bounded-Input Bounded-Output Stable) TH 5 & LD,
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TERBRORZENM (2)
(EEBBICHIET 2. FIBLEATEAG Y 27 L (BAOEREFEN D).

x(k+1) = Ax(k) + Bu(x), y(k)=Cx(k)+ Du(k)

T T T, EEEEMEIEWVEIRE L. HEEEZTHT A ISHALEThTNS S
T3, §5&. AJERERERADIREL Y. B DEIT (b;), C DEF (¢;) 1 EIELAN
7 M Ay DESHEN—BRENERET %, HEBELO, u(@)=03=1,2,...),
u(0) = 1 ITHIST HFEIE

n
y(k) = CA*'Bu(0) = Z AKeb;
i=1

k DR REFNUE. 4 OIEHSZEMNEGTY ]l = 155 |ly(k)|| IEFEE
ERCE
W2 TOEBEDMEIED 1 KiFES 1SS EBXBDT. y(k) IFBFR.

BIBO ZEMDNE+7 &M (FEFER)

BIBO ZEMDRE+DEMFIE. TORNRIEHISS EH5BT &,
BEEBELHZHEEERICGIATE %,

WF # JdesEks) T4 IRV 2020 MR - 3 FENR 84/108



TERBDREM (3)

AVNZF VR (FIRLEEZER,, ATEVRIEEERD A 1751)

0 1 0 0 0 —ao
. - : Lo —a
0 o 1| SO
—ap —ai - —dp-1 0 - 1 —a,

OEMZIERIL 2" + a1+ -+ a1z + ago
DF .

AIEELNDRIEAIG SIE. A DFUZEN L. EBRODBZEN (BRERD
%z 1 £ LIEE) I3—8T %,

v

BIBO ZEMDINE+D &M

BIBO ZEMDHAE+DHRMAIE. FERFMDETDEDERED 1 KiFL 52
T &
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Schur-Cohn-Jury DZEH)RIE (1)

EHREEDOBEDI VR - 7)VE Y ViEERRKIC, RIRITE/EREZRDHZ T
EHLICREMERANDFEZEZL D,
FESIEN: a0 > 0 EBB LS ICRERITAA S —ZHNT B,

f@)=an"+ - +aiz+ag (ag>0)

Schur-Cohn-Jury D& EHIFIDF/E (1)

ZIET. . | |
fi(z) = a,(lj_)jz"‘f ... +a§J)

. ROBILR TKRD B,
fo(z) = f(2)
fin1(D = a5, -0, £ @

fefel fi@) =af’s - ral) zva

z+ay’, j=0,1,...,n

0}
n-—j
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Schur-Cohn-Jury DZEHRIE (2)

Schur-Cohn-Jury DZEHIRIDFIE (2)
RHOBRETHBT-HDBE+IEMHIL.
at()l) <0

a(()j)>0, j=2,..., n
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W—RERZERWNDHE (1)

z-1 1+w
_ o=

w_z+1’ 1-w

WN—ZH: 7z » w SBEMAZEFFEICET,

(z=p1) (2= pfm)

R Iy B T R )
A
(+Dw = (a1 =1 (m+Dw = (um =1
1+w _ 1-—w 1-—w
1-w/] (A +Dw—-(1;-1) An+DHw-(1,-1)
1-w 1-w

_ =)™ {(ua + Dw = (a =D} - A + Dw = (g = D}
{(i+Dw - (A =D} {(p + Dw — (A, - D}

=Py (w)/Quw(w)
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W—RERZERWNDHIE(2)

Py (W), Qw(w) l&w DZIEXTHEWICEK

W—RE % BN e R TEHIBE
0y (w) = 0 DIREBFRDREHBIE (T TR « TIVE Y ViEh &) TSN
BEV, el 0 (w) B n REVNEWVBEI. 2 = -1 ITBAS Y FRE,
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