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> 12FE N A

- F R 2 & )% (Kalman filter)
- ¥ B F R Z R K (Extended Kalman filter)
- ik F R 2 & & (Unscented Kalman filter)
- £ 50K R 2 % (Ensemble Kalman filter)

- =5 YRR R AL F] AL
- F ALK F R Z 8 K (Square root Kalman filter)
- TR ZR KA AL G Bt



R IE B0 o) R

> I FIAG B A

A T A2
LN 7 FE.:

» AR

Xn+1 = F(xp) + wpyq

Vn+1 = H(Xp41) + Mnta

Po = N(x;0,2Z,)
pn = N(x;0,Z)

pprior(x) = N (x; 19, Z0)



> BHA Tk
2y H LA

p* (x) = N(x;m,C)
BB vy BT AL

p* () = Tj i (my, G) Ty wy =1

> AE S HAL F ok
Frfpl ] > 1

p* (0 ~ {x}_,

p* () ~ X, 8(x —x))
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F M| (Prediction)

> B AR
B T A2 Xny1 = Fxp) + Wpgq
= B IE AR Wn+1 ~ P = N (x;0,2)
> ATk
% 7 A AL X |V ~ N (x; My, Cp)
A REURDE Xn|Yn ~ %Zle 5(x — x3)

SE Y Xnaa Y ~ (6 Ty, )

. . . 1 ~
i F- AL Xns1|Yn ~ - S 8(x — %)




AL 77 A2 Yn+1 = H(Xps1) + Mpgq

= BT WL s B Mn+1 ~ Py = N (x;0,Zy)

=7 Jr LA Xnt1|Yn ~ N (X ipy1, Crgr)

5 F 1AL Xpaq |V ~ % Y 8(x — %))
> AT

= BT A Xn+1lYne1 ~ N6 Mypyq, Cpga)

FrF VA Xn+1|Yn+1 ~ Z 10(x —x,]1+1)



¥ & (Extended) F /R 2 &

> 3R I &AL

Xn|Yy ~ N (x;m,, C,y)
F (xn) = F(my,) + VF(my,) (x, — my)

Xn+1|Yn ~ N(x? Mp+1, én+1) Wn+1 ~N(0,24,)

Mpy1 = E[F (xn) + wpgq] = Flmy)
én+1 = Cov[F(xp) + wnt1] = VT(mn)TCnV:F(mn) + 2



> W

Xn+1|¥n ~ N(mn+1: (jn+1)

> Xpi1 A0 N WIIRA A

- [ s
m n+1 +1

p(xn+1 »}[(xn+1) + 77n+1|Yn) ~ N( 5;”-'_1] | pxyT J;/y )
ntld (G CRial

> oA (ZtaAm)
P (a1 |H Xng1) + Mngr = Ynav Yo) = N(mn+1 ) Cnt1 )

— AXY rAYY N—1 A
Mpyq1 = Mpyyq + Cn+1(Cn+1) (Yn+1 — Vn+1)

T
_ A _AXY AYY N—1/XY
Cn+1 — Cn+1 Cn+1(Cn+1) Cn+1



TETFTMRZIK

> R & M

H(xpt1) = H(Mpyq) + VH (Mppq) (X1 — Mypyq)
Xn+1|Yn ~ N(x; Mp+1, én+1) M+t ~N (0, Zy)

Yn+1 = E[H (xpnt1) + Mns1|Vnl = H(Mpp1)

61316_3:1 = Cov|xp4+1, H (Xn41) + Mns1|Yal

~ Cp1 VH (Mipgq)"
Cif1 = Cov[H (xp41) + Nnsa Yl
~ V~7'[(7/T\ln+1)C’\'n+1v~7'[(ﬁ\ln+1)T + 2y
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7.1 (Unscented) /R 2 # &

T EHM A 0 ~ N(m,C) € RVo, FATAI2Ng + 1 A
g, 09=m, 3j=12-,Ng

0/ =m+ ¢[\/C]; 6/*Ne =m — ¢[|/C];
o [\/C]; —C#HCholesky 5 g4 & jAF| G 8, A 4
EIG(6)] ~ XiZg wi"G(6")
Cov[G1(0),G2(0)] =
Yot WEG1(69) — EIG1(0)])(G2(6") — ElG2(6)])



Yo wmG(et) = ElG6)] + odllcl

N0 WE(GL(8Y) — ElGL(0)])(G2(6Y) — ElG2(8)])T =
= Cov[G;1(6),G2(8)] +o(lIcl®)

FAMNER W =1, Wy =0, 3 FT1<j<Ng

¢j = ay/Ng, W™ =0, Wy = azNg




> TR
Xn|Yn ~ N (x; my, Cy) wpt1 ~N(0,Z,)

Mpt1 = [E[T(xn)lyn]
én+1 = COV[:F(xn)lYn] + 2y

> a7 A
Xn+1|¥n ~ N(x; Mpt1, Cn+1) NMn+1 ~N (0, z:77)
Yn+1 = E[H (xn41) + 1nt1|Ynl = E[H (1) | Va0
672?.11 = COV[xn+1:}[(xn+1) T 77n+1|Yn]

- COV[Xn_|_1, }[(xn+1)|yn]
61%3:1 = Cov[H (xpn41) + NMpt1|Vnl

= Cov[H (xp4+1)|Yn] + £
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> TR FRZIER
- B2 HER T AR

> T F IR 280K
- 5 £ AL B A A
- BB L RTHEF,H
- FR BT EESE




N, = 0(107)

Yo T B o, B X W T £ SR T2



\""-. ,
° o 25(x — x

1
° Xn+1|Yn+1 ~ 7

o © 16



i1 = F(xp) + wpyq Wpt1 ~ N (x0,Z,)
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> W

Xn+1|¥n ~ N(mn+1: (jn+1)

> Xpi1 A0 N WIIRA A

- [ s
m n+1 +1

p(xn+1 »}[(xn+1) + 77n+1|Yn) ~ N( 5;”-'_1] | pxyT J;/y )
ntld (G CRial

> oA (ZtaAm)
P (a1 |H Xng1) + Mngr = Ynav Yo) = N(mn+1 ) Cnt1 )

— AXY rAYY N—1 A
Mpyq1 = Mpyyq + Cn+1(Cn+1) (Yn+1 — Vn+1)

T

_ A _AXY AYY N—1/XY

Cn+1_Cn+1 Cn+1(Cn+1) Cn+1
18



Mpt1 = Mpq + n+1(ny1) 1(3’n+1 Vn+1)

P ~YVY \—1 xy
Cn+1 — CTL+1 n+1(C 1) Cn+1

1 ~J g
A X 1|V ~—zf. 5(x —x,fm) A

Yn+1 = [}[(xn+1)|y | = ( Xpi1
~ 1) o)

Mpy1 = ]Zj=1xn+1

é:lc-l)-/l — Cov[xn+1:}[(xn+1) + st Yl

z]_ilzj 1( n+1 —Mpt1) (j{(x +1) yn+1)

61331 = Cov[H (xp41) + Nnt1|Vnl
1

. - T
© S ((%00) = ) O£ (Eha) — Fre)

+ %y
19



~ £x ~
Mpt1 = Mpyq +C 43-]1(ny1) 1(3’n+1 VYn+1)

_ A AYY \—1 AxXYT
Cn+1 = Cpy1 — n+1 Chi1) Chia

b _ <] AXY AYVY N—1 o]
X1 = Xne1 T G (G 1) (yn+1 }[(xn+1))
75 £ 7~fig T B

PN | AXY (AYVY N—1 o] J
Xpi1 = Xpy1 T Cri1(CRig)™ (Yn+1 }[(xn+1) - 77n+1)

o )y~ N(0,%y)

20



&

mn+1 _ Z] =1 n+1

énﬂ:ﬁz 1( Xn+1 mn+1)( Xn+1 mn+1)
Mnt+1 = Z] —1 %41

Cn+1 = ﬁz '—1(xn+1 — mn+1)(xrj;+1 — mn+1)

sStEASFERZEEG ST, RANA

Mpy1 = My, 6511(63]3]1) 1(3’n+1 Yn+1) T+ 0(\/7)

Cni1 = én+1 n+1 ny1) 1C;f-lj—ll + 0(7])

21



> AR B 6 2R R

Mpt1 = Mpgq + n+1(ny1) 1(3’n+1 Vn+1)

_ A AYY N—1 xy
Cn+1 — Cn+1 n+1 C 1) Cn+1

) PN | AVY \—1 ~J )j
Xn41 = Xpg1 T n+1(C 1) (yn+1 }[(xn+1) o nn+1)

L H(x) = Hx
. 1 1
j : = 5
xn+1 o argmlnxn+1 | n+1(xn+1 n+1) |
1 L .
"‘E | an (Vn+1 — HXni _77£+1) &
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Lorenz063 2 4

g =10, r =28, 8 =§, KA J it AR i
x(0) ~ N ([-8.0; 5.0; 25],1), #&AAL/£t=0.51,15"
it ) WL B xg, LR E RN (0,1),
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éyy

PN AXY _ ~
Mpyq1 = Mpyyq + Cn+1( n+1) 1(3’n+1 — VYn+1)

T
_ A _AXY RAYY \N—-1/XY
Cn+1 — Cn+1 Cn+1 Cn+1) Cn+1

e N MR 5 T BLH) 2 e 7 £
J 2] AXY (AYY N—1 ~J J
Xn41 = Xpg1 T Cn+1 Cn+1) (yn+1 o }[(xn+1) o nn+1)

o Mg ~ N(0,Zp)

29



J

_ o AXY - AVY ~J J
n+1 = Xpg1 T Cn+1(C 1) 1(yn+1 }[(xn+1) o 77n+1)

X
2 3L
7 (R = pgags e B — ]
n+l — \/ﬁ n+1 n+1, === ' *n+1 n+1
Ynyr = [}[(xn+1) Vn+1s - o (xn+1) Yn+1]
N 1 ~ n
Enyr = -1 _77n+1 — NMn+1s o oo ;nn+1 — 77n+1]
__1 1.1 . o)
I+l = =1 X+l T Mntds e »Xn+1 T mn+1]
EATA AR AR LA
AXY
Cot1 = Zn+1Vny Cat1 = Y1 Vnrs + 2,
Cn+1 — Zn+1Zn+1 Cn+1 — Zn+1Zn+1

L1 = n+1(1+ +1Z 1Yn+1) (1 +1Z 1En+1)
30



5 4 JIE R AL ) AR

> RS

M, = argminrank(x)=r”M — X||F

M=UzV" = 2 ofuv]
[
r
My = U = ) ofup]
=1




~ AX ~
Mpyr = My +C -3|-]1(ny1) 1(3’n+1 Vn+1)

Cne1 = én+1 n+1(ny1)

> £ AT /R Z gk )k (Ensemble Transform Kalman Filter)
M) & FEET
Znt1 = Zn+1T
ZsrTTT 2L,

= Zni12" ni1 = Znaa Vs (Ynaa Vg +35) Yn+1Zn+1

32



- ~ A -1 4
TT" =1 - Y1Z+1(Yn+1YnT+1 T Zn) Yh+1

1
T =P +1)zPT
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~ AX ~
Mpyr = My +C -3|-]1(ny1) 1(3’n+1 Vn+1)

Cht1 = én+1 n+1 ny1)
> £ 5 TR 2 gk (Ensemble Adjustment Kalman Filter)
M) FEEA:

j A\ A\
Xn+1 — mn+1_A(xn+1 Mp+1)

Int1 = A2n+1
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Sk & F R ISR TR

> 5 TR 2 )k (Ensemble Adjustment Kalman Filter)

AZpi 2 AT

Zn+12m41 — Zn+1?nT+1(Yn+1?nT+1+Zn) Yn+1Zn+1

ofd: Z,. = PDV2YT
st VI(I+ V2 W) 'v = upuT

A = Pb\l/ZUDl/ZD\—l/ZPT
1 11
= pD2vT(vuDzDzP")
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~ AX ~
Mpyr = My +C y1(ny1) 1(3’n+1 Vn+1)

— Yy
Cra1 = Cpar — Copp (CED ™

» F AR EF R Z )€K (Square Root Kalman Filter)

Mpy1 = Mpyq + ZAn+1?rT+1(?n+1Y +1 T z:77) 1(yn+1 Vn+1)
Zn+1 = Zp1X

Cn+1 ~ Zn+1 Zn+1 Cn+1 ~ Zn+1Zn+1
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N, = 0(107)

P77 AR AR ZUE I S RN YR AN A R R B 4
BAYE BIAL 7 AL P



Xt AL 1B A F

> JE ] 2 R f R AR

Ju Jdu

—+—=0 x€|0,L L =1000
ot Y ox =0 ¥ €01
FLSE A A 4G :
50
~2TiX 2TCLX
Ug(x) = z a; sin + b; cos
— L L
1=
a;, b; ~N(0,1)
ik

u(t,x) =up(x —t), HALldx=1

L 2 u(t,125), u(t,375), u(t,625), u(t,875)

t =5,10,15 ... ... WL 52 £ 2N (0,1)
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Xt 7] AR

2TTLX 2TTLX

J =200 : u(0,x) = ¥32° a; sin=—= + b; cos a;, b; ~N(0,1)

1
— ref

‘ === EnKF mean
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Xt 7] AR

u(0,x) =

. 2TIX

>0 a; sin=—= + b; cos——

2TTLX

~ N (0,1)

1
20 - — ref
‘ ‘ ~~~ EnKF mean
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Xt 7] AR
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~ £x ~
Mpyr = My +C -3|-]1(ny1) 1(3’n+1 Vn+1)

_ A AYY N—1 xy
Cn+1 — Cn+1 n+1 C 1) Cn+1

» F AR EF R Z )€K (Square Root Kalman Filter)

Mpy1 = Mpyq + Zn+1?1zw+1(?n+1?131+1 + z:77)_1(3’n+1 — Yn+1)
Zn+1 = Zp1X

s
¥ =2 8] [R )

(M1 Zn+1) Fo(Myiq, Zyi) A A8 F) 69 5 16 & 2 1]
\_ /
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FFRETFRRIERK

> 1448 % (Spurious correlation) Fe 7 £ & /) (Variance reduction)

# b AL [ " = [x"] by ~ N (0,1)

Tl+1 Tl

M 2 0 Yper = H(Xng1) + M

n+1] n+1
Brn+1 Bnt1

~ ~ T
+1 — bn+1 — [Anﬂl YnT+1(Yn+1YnT+1 + Zn) 1Yn+1 [Anﬂl
B Bn+1

W 3
G

N

o

-

[

N

44



FFRRTRZIEK

> W7 £ 1% Ik (Covariance inflation)

Rpe1 = P(Xpys — Mpyr) + My

> B iE m ey A £ 3 K(Adaptive variance inflation)
n+1] n+1
Brns1 Bn+1
I Bn+1 71"32&:;}54&,0
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> W7 £ F ¥t (Covariance localization)
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> W7 £ F ¥t (Covariance localization)
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> W7 £ B ¥4k (Covariance localization)

~ £x ~
Mpyr = My +C -3|-]1(ny1) 1(3’n+1 Vn+1)

_ A AYY N—1 xy
Cn+1_ n+1l n+1 C 1) Cn+1

L H(x) = Hx

61316-{1 - P O én+1HT
Y > HpOCI)HT +3,

n+1 n+1

KR — s 2R 89 AT

p=pp RN ES
Zny1 2P O Znyq T AT = 1] R4
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