"H4C + gt (Kalman Filtering)32 #%
73 Jpit & REKalman ~ 2 &: Tk 5 - s + 2.8 % 3
— e drde i f A B TG TR SRR E A HI A A KA
KICEUERESE - TR otz R R
BAd e 2 FRROIZE Y o PR R B 5 B LE T 1960 & 3 A
Z.F PRk T 0 IR B Ao T
(1) + FPigt @k =+ > 58 ksnirdifp 2 0k 6l SRR
WRERLE o gt LT PR A2 - S ke
(2 §EF > A7 F AL TR AW NEEFEL > T RLE
BT f2E c AP ETIERIVE At Y
(on-ling) » st 4L H # 55 o
@)4W&AWmﬁ*ﬁ§@ﬁﬂ?%%ﬁiéﬁﬁﬁﬂﬁﬂi°
+ PmA TS FIE M P LSRR AR Lt afpdl i 55 4
B L IEAEIE o
Cl + gk ok A
T PRA R AAHE S b AP RREFL FIFE(LMV &
3L73)8 1 %2 P (Orthogonality Principle)z. F > A gt & w]iT- 4 5
1 R &% 4 522 (Linear Minimum Variance of Error
Estimation » LMV Estimator):
LMV Estimator i iz ¥ 48+ 2 5 &4 Bayes Estimator s i i+ -
HpenT i L Reh s (Bayesrisk)E Flb ] - HA &5 = B
(1) & =T ;L'iﬁ % 3 #i(Squared-error loss function) = 45 £ S #c(Loss

function) » 2 #_ &K 4T 1o
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2

L(X,)?):HX x| = (X = X)T(X = X)

H
X I E i@
X i X2ZhtfahE
(2) 7% b Pk s (Bayesrisk » p(e)):
3 * loss function ey 3 @ 0 T 5 B Boh ¥ BTN
5(©) = Efx—e(V)]" [x~e(V)]]
= [, ], [a—eM]"[a—e(M)]t,, (a,Y)dadY
=[] [a-eMT"a-eMf, ,(@Y)da }f,()dy  (C.2)

hud
An S

e(Y) ¢ AU BRI FAYE R A AL E

foe@Y) 5 X Y& B A G 3 #(The joint probability
density function)

fyv@Y) © 5 X 2wk B 48 5 4 iF 3 dic(The conditional
probability density function)

fu() @ 5 Y 245 & i 3 #(The probability density
function)
() LRz P s EHE B EPRE R B Lok % 5 5
K (1) @ cdf 4 Sl P32 1

FE B e

v E"Ff%
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2.1 < ;% P (Orthogonality Principle)

A

S = span{1, y, |

d LMV B3tz ot R da i B 5 40 2 3|50

eo(Y)=x=a,+b,TY (C.3)
Pl T P AT 2 eo(Y) § ik LT 7 A g
(1) LMV Gtz #ri¥ B E 4B mey(Y) 54 ik 7 (Unbiased) » =r:

E(x) = E[eo(Y)]

2 E[x-{a, +bg¥)]=0 (C.4)

T[x-eo(Y)]E 1 & =
(2) LMV 3-#7 8 S i 42 o eg(Y) 2 304 &2 FAY(TY=[y1...ym])
S
E{l(x—eo(MIY}=E{x—(ag +bg Y)IY}=0pq (C.5)
C2+ P mdTBkhz BK 2 foH
1.7 PP m ik 230 2. B3k

AEFHF ILMVE 28 F A AR & YT RFPFRF 7 G

Fenkr o H kA3 RN B Ep S AR N A BT AT
Iy i 2

X1 =0X +Gw, k=01...... (C.6)
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Y, =C.X, +V, k=12,...... (C.7)

k: %PF% (Time step)

Xt KPEF %] 2_ % Bk g » & (System state vector at k-th time step )

O f kPEZ] 2k AL B sErE (State transition matrix at k-th time

step )

Ci : kPF %) 2 @Lipl="L ( Observation matrix at k-th time step )

Wi - kPF% 2k ik 2 4L » & (Random noise signal from the

system process noise random process )

Vi kPE %] 20 BLipl 3% £ £ (Random noise signal from the system

measurement Process noise random process)

Y - kPE %] 2o BLip] e & W(Veetor-representing the measurement of
the system at k-th'time step?)

Gy kPF%] 2. s kil s 4B*L (System associated matrix at k-th

time step )

R

(1) We* Ve 27 ARM B2 @55 F2 g3 bz 2 6 k5 (White

noise) o 2 £ & 4o #7157 ¢

k=L
E(W, W
(W) = {OPXF’ otherwise
k=L
VeV, D)= .
kFL mxm otherwise (C-8)

E(W V") =0, forall k, L

(2) Asdoe fi 2 Xg 5 — "EW e B & L SLEARTOELBINES B 2 AP H o

96



3) Xo2M% 5K, » & X deT:

Xo = E(Xo) (C.9)

=
ud
|+
Ak
|k
IS

Cov (Xg) = E[(X —Xo)(Xg —X0) '] (C.10)

2.4 i TRk 2 H

A —_—
() x® 3 LMV B340 -y 0 B E XX i@ 2 i i

7L
B o

Bl x®=by, +K(yy —Yy) (C.11)

A
d P RZEPFTEXS ZFBmEE AT

E(x%) = E(X—Xx) (C.12)
Ty g1l
= i Ey,) ZE(Y,) (C.13)
b, = E(X®) = E(X — Xk) =0, (C.14)
R
x® = K(yy _yk) (C.15)
2) & (V)2 et @
X=X +x° (C.16)
LV
>A<:;+x°:§+K(yk—§k) (C.17)

(3) A mld ks 2t fopLip > N T T 5N
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Xk = pq Xkt (C.18)

Yy = Cedyg Xkt (C.19)

(@) Ky-vi) 5 LMV B33 1% (vo—y) T o & B (g —Xk) #F

B2 B it E o skd 2R ETS

E{ X, — Xk — K (Vi = YOIk = Yi)" }=0pem  (C.20)

(5)d
Yk—ykzck(xk—;k)JFVk (C.21)
LV
EL(xy —XK)(Vi — Y )idi=iEL (X = Xk)[Ch (X = xk) + v, 1T}
:E{ (Xk —;k)[(Xk _;k)TCkT +Vk]T }
= E[(X, —Xk)(X — Xk)TIC - (C.22)
& My
I, — XK)(xy —Xk) 1= M, (C.23)
1l
E[(xy —Xk)(Yi — Vi) 1=M, C,.T (C.24)
(6)F 7L

EL(Yx - Y)Yk = Yi) "]
= C E[(xy —;k)(Xk —;k)T]CkT + E(VkaT)

:CkMkaT+Rk (C.25)

74 @-G)-~6) &
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B) R M 2 T 58

R
¥ "
(9)d **
»:’Lf—(l‘j

Kq=MC (CMC " +R,)"

_ A
Xy — Xk :(bk—l(xk—l _Xk—1)+Gk—1Wk—l
Pk = E[(Xk —Xk)(Xk —Xk)T]

My = & 1P 1k + G 1Qu1Gry

X i :;k+Kk(Yk—9k)

P, =E[(Xy — X ) = %) ]

= E{ [Xk —~ Xk — KV —)_/k)][xk = Xk = Ky (Yk —)_/k) ]T }

=M, -M,CiKy —K,C M, + K (C,M,C +R K}

X TG
K =M C" (CM,C " +Ry)™
o
Kk(CkMkaT+Rk):MkaT
By
P =My =M C, " (C M, C" +Ry) " C M,
= My —C(CMCy " +Ry K|
=M, -M,C, 'K,
~M, K, C M,
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(C.26)

(C.27)

(C.28)

(C.29)

(C.30)

(C.31)

(C.32)

(C.33)

(C.34)



d P EET @A T2 F PR EE ER

Xk = dp_1Xk_1

T T
My = 0k 1Peafka +GraQuaGiy
Ky =M Cp(C,M, Cx +R, )™
)’ik :;k + Kk(yk _Ck;k)
Py = (1 -KC )M

Xk : % % dde i@

Xp 2+ PRAZl @

My 5 k5idais @2 £ 885
Ki: %+ P4 ¢ (Kalman gain)
Po: 2+ PRl B2 2 gl

| .85 i+ %

Ik
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