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estimate) &

Xk — Xk

MU AR BRI, Ef|xg —:“ck|k|2], XA A T MU R S A8 T 0 T ZERE Py ) A2
(trace) . ¥ _LHIZREFWIREIT. HKHE, 53
P = Pyi—1 — KeHiPrp_1 — Prp—1 Hy Ky + K (Hi P Hy, + Re)Kj
= Pyp_1 — KiHiPyp1 — P HL K} + K SpKj

R FHOROMII AT 2P | (I (trace) [If/ME:

d Ky

PEAL U B A T, Wk

--------------------------------------------------------------------------------------------------------------------------------------------

dtz((BAC)
=B
dA o

............................................................................................................................................

= —2(H;Pyp_1)" + 2K S = 0

K S = (HpPyj—1)” = Py Hy,

K =Py HL S;*
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K:SkK; =Py H K},
e b ERRZED T EZRITAS,
Pii = Prp—1 — KeHiPyio1 — Prp  HE K + K S KL
5 IR LUK, 193
Pur = Prp1 — KeHyPrp1 = (I — KpHy)Prp_1.
l_ AXTHE LB B, FrDASERR B2 XA AN, HEFEERX A MM H R RI/RE

18 2 AR IR AR A O o R BEARRG FE S R AR 3 B UE R E VE L8, B R B A AR e A
S, AR HIX AR BAEH Bl S R ERRE T Z A

53 N HEMET Z AKX SR

B FAE PR E VR E R B /R Al A, 245 38 MR S R W] AR M B RS

Z -1 Zy
P L /R ] R, BEIEFPIRSINZ ok — MRS 5 HE PLErRRES T k.
p(Xk|Xo0, ..., Xk-1) = P(Xk|Xr-1)

5L, e zkillE R 5 S ERIRAA RS HERE T k.
p(zk|x07---7xk) =p(zk|xk)
MR PRI Lo ik, Btk B 2R A RAR A BT A RS I 2% 2 A i) AT A

p(X0, - -y XkyZ1,- - -, 2k) = P(X0) Hp(zi|xi)p(xi|xi—1)
i=1
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p(xx|Zk—1) = / P(Xr | Xk—1)Pp(Xk—1|2Zig—1) dXp—1
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Yk|k = P,;lk

Fuk = Prpulk
[FIRE, TR B 07 22 AR BAA SR80 E BB, @ N
1
Y1 = Pk|k—1
Vijk—1 = P;a}c_lfcmk—l
DL &P 5 ZE A 2 ) &, BT SR
I, = H R, 'H;
i, = H;R,;lzk
&SI A IE T
Yip =Yg + L
Vi = Yre—1 + ik
BRI EEI RS, R F A5 50 RN [ S A I B AT 78 B A I T8) 28 i JENAN U 248
N
Yo = Y1 + ZIk,j

=1
Yik = Yrp—1 + Zik,j
=1
T PRINAE B e, T LURHAE B AR R R a) B AR (B e AT AR A A (A S R0, B W] LA AR B
RIS
19T _
M, = [Fi'] Yeqpea By’

_11-1
Ci = My [M;, + Q;']
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TE TV M AT 345 2 2 R BG4S ) 75 & 7K -PIbR e k. e, eSSl g vt
AT AR AL, PLE PR E bR SN e .

HWE, PUREBIE RS T IBEE B R EME E T IR. @y —§ Rl BHNF
IREUEWEA . FIRE, ik W RRBE SR SRS B W (y — ) i b p g
Wiy Wi,

W IR BTV . ATy SR AR RS, Pl W R
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HARIR 2P A (The basic Kalman filter) ;ZRRHIFELYERIRE T, 200, K IEFE LW
(non—trivial) W ARGZE ZIFLME RS, Hpm “dEZM M7 (non-linearity) mJgERFEMAF
EILFEREY (process model) BRI (observation model) i, BLEE AL .

i BRREIERS
Y E-RI/RZ)EH A (Extended Kalman Filter, fRFREKF) HtREH AR A T ZRIRE N
A Sk TR <5 S I QEIN T (DD E 8

Xr = f(Xp—1, Uk, W)
zr = h(Xg, Vi)

PRECER] BLHR G 25 M THE P o ST RS, ARABLA, R ek ) AR SR AU RO R 28 T S5
RPN AR SRT0 CAThASRE ELAE IR AE Py 22, BUMARZ 2 T 5 4EFE (Jacobian) .

FERE— D P T BT A THIRZS T B Jacobianffi B, 1% JLANHE AT LAURIAE R /R SRR 7 fE
AR, st ER ARSI 1 s B 2 AT A THE AR ZRYEAL T .

XEE—R, RIREIEBHEE:
T

X1 = f(Xk-1, 1%, 0)

Pui-1 = FiPr_ip1 Fi + Qy
fii F Jacobians & B 58 B A5 Y
_of

Xp—1k—1>Uk
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BT
Y& = Zx — h(Xgx—1,0)
Sk = HyPy_1Hy, + Ry,
K; =Py HL S,
Xk = Xpk—1 + Ke ¥y
Py = (I — KpHg)Prpp—1
ot
WmEY /R 2JER A (EKF) —#F, UKFRFTGEF2 ] DS TUKF St #2 2 4h, 5 — AN

(BB ST R R/RZIER AN EHAR G IR B, UKFIFNERE 5 g i fe e Bag
AL B IR ] .

=R

- ERiEiRER

=
=
KIRE-FTHIEN 28 (Kalman—Bucy filter, PARichard Snowden Bucyfi#4) sE:Kalmanj&i s )i Sk
B[R] RRAS

B R TR A Y

%x(t) = F(t)x(t) + B(t)u(t) + w(t)
z(t) = H(t)x(t) + v(t)

He Q(t) At R(t) HHMREPAAMEFET w(t) f1 v(t) MR (SEAERhIL: DhRE%R -
PSD-HiF%E)

I B A A TR — IR, T E:

L]
dt

%P(t) =F)P(t) + PR)F' (¢) + Q(t) - KOR()K (t)

x(t) = F(t)x(t) + B(t)u(t) + K(¢) (z(¢) — H(t)x(t))

IR

HED
B

$1 25
K(t) = P)HT (t)R71(2)

W, fEMEERS, o F K@), WERS R(E) QT ERNERFIES (ReED
F(t) = z(t) — H(E)R(E) (PI725,  ub iy 2 (e it 1] i R A 4%

T TR ) R 7% 22 0 I PR TN 20 R B 720 R 1) [ [X ) £ T S8 [R] N AN A2 AE
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%(f) = F(O)x(t) + BE)u(t) + w(t),  w(t) ~ N (0,Q(t))

zr, = Hipxp + vy, v ~ N(0,Ryz)
w
xr = x(tx).
aE
5‘0|0 = E[x(to)] s Pop = Var[x ()]
Fil

x(t) = F(t)x(t) + B(t)u(t), with & (t-1) = Kg_1j_1
= Xgjp—1 = X (k)

P(t) = Ft)P(t) + PR)F(t)" + Q(t), with P (tx—1) = Pr_1jp—1
= Pr—1 = P (tx)

T 5 #E 3o N IE LI 8] R /R 2 8 s 1) A A HE A5, e/ AT E g, filan: K(t) =0
o TR AN 5 22 73 5l i SR — AR E S T L — DA THE M R T Rk TR

FELMEARI AR R GE DL T, R DU R R i HORs 82 (A1 30 25 it =28 B pe O B O TR R 4t
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-1
Ky = Py Hi (Hi Py Hy + Ry)
Keje = K1 + Ki (20 — HeXgpe1)
Pur = (I — KiHi) Prpq

SBT3 R 5 B IS TR] R 7R 2 8 A X BB 7 RE A [

RzF

= BaIEIY

» HSEMRS

» EFF, FSHREMEFE, HEFIRE, LIRITEZFE
= IRIESMERGE
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1. Paul Zarchan; Howard Musoff. Fundamentals of Kalman Filtering: A Practical Approach.
American Institute of Aeronautics and Astronautics, Incorporated. 2000 [2018-02-16].
ISBN 978-1-56347-455-2. (FRIARBFETF2017-02-16) .

2. Wolpert, Daniel; Ghahramani, Zoubin. Computational principles of movement
neuroscience. Nature Neuroscience. 2000, 3: 1212-7. PMID 11127840.
doi:10.1038/81497.

3. Kalman, R. E. A New Approach to Linear Filtering and Prediction Problems. Journal of
Basic Engineering. 1960, 82: 35. doi:10.1115/1.3662552.

= Gelb A, editor. Applied optimal estimation. MIT Press, 1974.

= Kalman, R. E. A New Approach to Linear Filtering and Prediction Problems, Transactions
of the ASME - Journal of Basic Engineering Vol. 82: pp. 35-45 (1960)

= Kalman, R. E,, Bucy R. S., New Results in Linear Filtering and Prediction Theory,
Transactions of the ASME - Journal of Basic Engineering Vol. 83: pp. 95-107 (1961)

m [JU97] Julier, Simon J. and Jeffery K. Uhlmann. A New Extension of the Kalman Filter to
nonlinear Systems. In The Proceedings of AeroSense: The 11th International Symposium
on Aerospace/Defense Sensing,Simulation and Controls, Multi Sensor Fusion, Tracking
and Resource Management Il, SPIE, 1997.

= Harvey, A.C. Forecasting, Structural Time Series Models and the Kalman Filter.
Cambridge University Press, Cambridge, 1989.
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= An Introduction to the Kalman Filter (http://www.cs.unc.edu/~tracker/media/pdf/SIGGR
APH2001 CoursePack 08.pdf) (TREFEEMD (https://web.archive.org/web/2021022411
4008/http://www.cs.unc.edu/~tracker/media/pdf/SIGGRAPH2001 CoursePack 08.pdf),
FFEEMRSZRIE) , SIGGRAPH 2001 Course, Greg Welch and Gary Bishop

https://zh.wikipedia.org/wiki/=/REER 13/14


https://zh.wikipedia.org/w/index.php?title=%E9%9B%B7%E8%BE%BE%E8%B7%9F%E8%B8%AA%E5%99%A8&action=edit&redlink=1
https://zh.wikipedia.org/wiki/%E5%8D%AB%E6%98%9F%E5%AF%BC%E8%88%AA%E7%B3%BB%E7%BB%9F
https://zh.wikipedia.org/wiki/%E5%8D%B3%E6%99%82%E5%AE%9A%E4%BD%8D%E8%88%87%E5%9C%B0%E5%9C%96%E6%A7%8B%E5%BB%BA
https://zh.wikipedia.org/w/index.php?title=%E5%BF%AB%E9%80%9F%E5%8D%A1%E5%B0%94%E6%9B%BC%E6%BB%A4%E6%B3%A2&action=edit&redlink=1
https://zh.wikipedia.org/wiki/%E7%BB%B4%E7%BA%B3%E6%BB%A4%E6%B3%A2
https://zh.wikipedia.org/wiki/%E7%B2%92%E5%AD%90%E6%BF%BE%E6%B3%A2%E5%99%A8
https://zh.wikipedia.org/wiki/%E6%96%BD%E5%AF%86%E7%89%B9%E2%80%93%E5%8D%A1%E5%B0%94%E6%9B%BC%E6%BB%A4%E6%B3%A2%E5%99%A8
https://zh.wikipedia.org/wiki/%E6%BF%BE%E6%B3%A2%E5%95%8F%E9%A1%8C
https://zh.wikipedia.org/wiki/%E6%BB%BE%E5%8B%95%E6%99%82%E5%9F%9F%E4%BC%B0%E8%A8%88
https://zh.wikipedia.org/wiki/%E6%97%A0%E8%BF%B9%E5%8F%98%E6%8D%A2
https://books.google.com/books?id=AQxRAAAAMAAJ
https://zh.wikipedia.org/wiki/Special:%E7%BD%91%E7%BB%9C%E4%B9%A6%E6%BA%90/978-1-56347-455-2
https://web.archive.org/web/20170216033838/https://books.google.com/books?id=AQxRAAAAMAAJ
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= Kalman filtering chapter (https://web.archive.org/web/20060420154727/http://www.cs.
unc.edu/%7Ewelch/media/pdf/maybeck ch1.pdf) from Stochastic Models, Estimation,
by Peter Maybeck

= Kalman Filter (http://www.cs.unc.edu/~welch/kalman/) (TREFEED (https://web.archi
ve.org/web/20070408165701/http://www.cs.unc.edu/~welch/kalman/), FFEELRREZE
1E) webpage, with lots of links

= Kalman Filtering (https://web.archive.org/web/20130623214223/http://www.innovatia.c
om/software/papers/kalman.htm)

= The unscented Kalman filter for nonlinear estimation (https://ieeexplore.ieee.org/docu
ment/882463) (TAEfFEED (https://web.archive.org/web/20210225013227/https://ie
eexplore.ieee.org/document/882463), 1FFEEAMALZEIE)

» Kalman Filters, thorough introduction to several types, together with applications to
Robot Localization (http://www.negenborn.net/kal loc/) (TREFEED (https://web.arc
hive.org/web/20181010160514/http://www.negenborn.net/kal loc/), fFFEEXRLZE
tB)

MEBR "https://zh.wikipedia.org/w/index.php?title=-K/REiEiK&oldid=84255602"
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