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- REGEHIA:
x=gx(t),u(t),t], x(to) =Xo (1)
- MHREFEIR:
ty
J = plx(ty), 1] + / LIx(t), u(t), 1] dt (2)
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- EXEEIR:
Jx(t),t] = ,Juin (), (3)
u(r), STS f

Y

- Hamilton BRZ4:

Hix, u, )i, 1] = Lix,u, 1] + 75 gx, u, 4 (4)

- HJB 518!
—Ji = %m[x, u,Ji, (5)

- INFEM
J[x(ts), ts] = lx(ty), ty] (6)
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- Hamilton ERZX:

Hix,u, X t] = L[x, u, t] + AT (H)g(x, u,t) 7)
- TR o )
A =-5 Al =- ang) (8)

- ISR (FCEIRAT) :
LA ERRIUEIDES. ZTOFRMTE 6% > 0,
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Hult) FEBRTFE U (YRE) B, 18574 0H/ou = 0 REBRLAZ,

ut(t) = ar%)mbi{n Hx(t), u(t), A(t), t] (10)
Am:—%; M@:—é&) (1)
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Rt Saetain:
X =At)x+ B(t)u, x(to) = Xo (12)

t
J = St + 5 / (XFOx+ uTRu) e (13)
to

H S, >0,Q >0, R > 0 AIFRINGERE,
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- BxAfIEH:
u*(t) = —RBTP(t)x(t) (14)
- FBB% Riccati MO HTE:
P+PA+ATP—PBR'BTP+Q=0, P(t)=S5; (15)
- BR{UER: .
j*[XQ, to] = ixgp(to)Xo (16)
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BEEHEER (L& ASERIE) !

v=a(t), y=v (17)

1 [Y
(v + c2y2)t:tf + 2/1: a?dt (18)
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j =
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RIF: =853/ —Riccati HiEKiR

Riccati 7572 P+ PA + ATP — PBBTP =0, P(t) = S; R P = [p” p”] , 18

P12 P22
p11 = Pl — 212, pui(ty) = 1
P12 = P11P12 — Paz, p12(tf) =0
P22 = Pi, paa(tf) = C2

Hu*=-B"Pxf8 a* = —piv—pray. Bt =t —t, A

QG Gt te/3 o )2
A ’ / A
A= (et +13,/3)(cyt +tgo) —th, /4
2 go 1 go go

Ay =pi1 =
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RIF: =ES3Ze—=#aEa

€1 = 0 (WNEmEEAMEEK), H o — oo (y(t) —0)

a(t) = —tj’ova) - tgoy@ (19)

ENEEMT, y~ro. va Vo, N
a(t) ~ —3Vo (20)

LERPF=ERIRFAILEBISS] (PNG), RILSHEEN =3, TIEFEEI 3 ~ 5,
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C1,Co — 0 (V(tf) — 0, )/(tf) — 0, EDQ%@@)

a(t) = —tg—ov(t) thoy(t) (21)
(RIS )
a(t) = V(45 + t—a) (22)
go
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- (BRI - BBRIES, MAMER - EEXRBRRMES (TR
IXIR)

FEIERHEFE: BES p SRS e
Vp =gp + Qp, Ip = Vp, Ve = e + Qe, Te = Ve

PRI TR, SI0ERTBER. MREElR (min-max [E)

b I _
0

- IBIETT ap: UM ), RS a.: TRAHE)
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148 LOR BB36, MEABRERIRA X — 1, — fe, V=V, — Ve
X= Vv, V= ap — Qe
)= Sl + [ (5 afap — c;'afae) de
RFRR/IMEIFIE, #Ei& Hamilton BREL:

H= %(Cglagap —c;lalae) + Afv+A)(a, — ac) (24)
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OH/0a, =0 = c,'ap+ A =0
OH/0a, =0 = —c;'ae—A, =0

BT ap, #1 a. DBRIHIE A, TP, BTG RMKIERR:
ap = —Cpy, Qe = Coy (25)

ENEZES SRS RIS EER. IBEXSEEEIMEREET.
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KEFDSTIIEF SR ImAFERIL, PIERUT BRI R SRES -

=Gt =) [rp — re + (vp — Ve) (tr — 1)]

P 1/b+ (cp — Ce)(tr — t)3/3 (26)
Qe = (C:Zap (27)
Bb— oo (FBEHEEE) BIEMHEA
_ =3[rp —re+ (vp — ve)(t— 1)]
N e TN 3 28)
3
ay = T Vo (29)
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a; = V
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EXBHSSIRY (FASHmtt)

N £

1—ce/Cp

ST

- ce =0 (BAHEN): N =3, BUAZHFIST
© Ce/Cp=2/5: N=5, TREPEHENN=3~5 SLE—I
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Ripgay:
Xpr1 = 9(Xg, Ug), R=0,..., N—1 (32)
MEREIEIR: .
Jo(X0) = @(Xn, N) + Y L(Xg, ip) (33)
k=0
REHE:
Jr(X) = min [Lr(Xk Uk) + Ty (k1) (34)

BFREE: T35 (xn) = o(xn, N)

19/50



Sl LOR [AR%

ER2NST St e
Xp+1 = ApXy + B, Xof87E (35)
1 1
Jo = ix;\l;SNXN + 5 Z(XEQ;?X;? + U;?FR/?UR) (36)
k=0
- R
Up = —KiXg,  Ki = (Rp + Bl Pry1Br) " BR PrirAr (37)

- BEI8q Riccati FHTE:
Pr = Qp + K RpKy + (A, + BrKp) T Priq (Ak + BrKy), Py =Sy (38)
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SEEIERE RS

RGHA:
Xi+1 = Gr(Xk, Ug) + GWy (39)
Heh w, AERERY], T2 RSEERIR.
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RIERIUERE, AR ER THIRESIE:

Ji06e) = i B {1000k )+ T (X)) (42)

RS
Jn(xn) = &(N, xy) (43)
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ELAIRIREH RS

ERTARS:
X=a(xu,t)+w, w(t)~N(0,o? (44)
HREEH:
j(to) = E{J[x(to), to] } (45)
BEHN H)B FEE: y _ -
_1 =min|L + 61CI + 13_]02 (46)

ot u(t) 1504 2 0X2
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- KfE HIB SIEAFEENE, AIEBIREIGE

25/50



EELERIIE) LQG R
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Bt
X =AX+Bu+ Gw, w(t) ~N(0,Q) (48)
IR
X(to) ~ N()_(o, Po)
HEEE T
)= %XT(T)STX(T) + %/ (x"Qx + uTRu) dt (49)
to

Bir: XK v (1) SRIMEERERAT j(to

~—

EV]
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FHBEYL HIB HIEESHM/RESHI&KXGTE:

1

—Ji = ! xTox — 2(/) BR™IBTJ: + (i )TAX+%tr(7§XGQ’GT) (50)

2
WERR 7 = L[XTSx + tr [ SGQ'GT dr]:
—S=ATS4+SA—SBRT'BTS+Q, S(T)=5r (51)

B
u*(t) = —RBTSx(t) = —K(t)x(t) (52)
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HRRSGE:
X = (A — BK)x + Gw (53)
WHEIRSHE Lyapunov 5F&:
X = (A—BK)X+X(A - BK)T + GQ'G" (54)
X(to) = Py + XoX2 (55)

EHIESHIYEE:
Eluu™] = KXKT (56)

28/50



R NSEREIERE

ENGE:
Z=Hx+v, v(t)~N(0,R) (57)

HEEE (BEMSNEE) \
IESRBEET Q6 [IBIRIAR - TRl LOR B4 + FREER
s, B

u* (1) = —K(DX(1) (58)

Hep x(t) A R/REISRE HIRMIIREELT
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PEFEREM: RRERBSE

X=AX+Bu+L(z—Hx), X(0)=X (59)
[ = PHTR! (60)
P=AP+ PAT + GQ'G" — PHTR'HP (61)

30/50



PEFRESSH: RRFEIRM

]* (to) :E tI‘[S(tQ)X(tQ)] Ltr[S(to)X(to)] Lufs60'GT LeefKTRKP
1 tf - RS RELR N 2L & RASEIHRER
+—tr / SGQ'G" dt
2 tO
1 ' j (to)
+—=tr / KTRKP dt %jmmmrr

NEEE: RMEHIE + RIGSEE o RETFHRNTIRHI=HZH

31/50



LQG AP e

- [AIRRGHIRL
- HEITER: X = AX + Bu + Gw
- RIRESTEKE (IVSULUES)
- NSKRIEEHIE u = —KX

- ERRE:
X=(A—LH)X+Bu+Lz (62)
u= —Kx (63)
- DBEIENXEE: HIHRE X = x — X TR
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LHl: SIERNESETIER

REEE: x=[0,w, 9"
_ _ q _
o=U, w=—-——w+-90+Nn, ¢=w
T
eBesEA ., 2
u
=ty [ (G g+ i)

KIRER (9o = 7/180, 6y = /12, Uy =)
KT =127, 29, 180], E(6%) = 2.50°, \/E(¢?) = 0.24°
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EHl: TsHERBEEZRNY

B &R STz
CRE: 5 (ER), r (RINBER), p (REMIER), ¢ (REA), ¢
(mAnAa)
1l o (31AfE), 0 (RUER)
RSRIMRIR:

8, = —0.3178 — 1.01r — 0.069p — 0.076¢ — 0.551¢)
5o = 0.1778 4 0.388r + 0.737p + 1.03¢ + 0.8341)

BB
E(B+1)2=0.60°, E(¢?) =287, E(?) =248, /E(52)=3.30°
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%ﬁﬂ I—QG Wé’l*lb‘ I:llU\

R Sighn:
Xpr1 = FXp + Bug + Gwy,  wy, ~ N0, Q/) (64)
1 1
Ji = SX0Swx + 5 D (65 Qi+ uf Ru) (65)
k=i
=y) R A0 N
Up = =KXk,  Ke = (B'Sp11B+R)™'B SpyrF (66)
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BHEL LQG: Riccati B s

Sk = F" [Sks1 = Sp1B(BTSp1B+R) 1B Sk ] F +Q (67)

[k = N=1, N=2, . 0 (backward recurs\on)]

Optimal gain: Ky=(B"Sk41B +R)BTS; ;1 F
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Bl LQG IE2RSER

2 zp = HXp + Vi, Ve~ N(0,R)

D EREREFERI :
up = —KeXp (68)
X, = Xpjk—1 + Lr(Zk — HXpjp—1) (69)
)A(;?_H“? = FX + Buy, (70)
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SHI LQG: E=MFERRMNT

N—1

. 1

i = 5t [S,Xi + Z(Sk+1GQ/GT + Sie—i—lBKkaeFT)] (71)
k=i

i
trlSiXil D Sk+1GQ'GT 143 i+ 1BKPLFT
Initial state cost Process noise cost Estimation error cost

%
Ji
Optimal average cost
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DP IEiE_E IR IR IUIEH, (BFE "HEOE .

BEL R

BEEAHEMY, RITHEMSRMIRRIG X(t). U(t)
TERFREN BT LML, IR LQR Bahizhl ou™ = Ksox
RIHBMERSNITKE, K1E ox

SCRREEE: u(t) = U(t) + Ks(t)ox(t)

i EEsLR, TP IZNA

oo N
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BEEREH

IREMERSE

X=-x4+a+u+w, y=x+v

RTHESIE y(t) BRERZEE Voo
BB FEIRES X =yq, TRIsH U =yq — ayd.

HMBIERS:
= (=1 +3ay3)éx + ou +w

SHENRSFM A LQG g8 our, SEfREHl u = U +6ur,
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BENA 106 oBRENEE (RIUEFTEISRIE, BIEAT):

1. BERAHEEN, RITHREERIES u(t) = ux(0)]
2. RTHIELLMEUEIREE (EKF/UKF/CKF), SRS X(0)
3. SERREHN: u(t) = ulx(t)]

£ EATERE. NRFIEEREBRINERESME,
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