BO LOC KALMAN MO RONG
(Extended Kalman Filter)
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G101 thi€u

* Bai toan udc lugng trang thai heé thong
(dynamic system state estimation)

— Gia sir trang thai ctia mot hé thong bién doi tai
tho1 diém k 1ién hé véi trang thai k 1 boi
phuong trinh trang thai: x, =f(x,_,,u,,) + W, ,
(v6i W, 4 1 nhiéu hé thong)

— Do luong (measurement) cua hé thong co quan
hé voi trang thai hé théng qua phuong trinh do
luong: z,=9(x,) + V, (v61 V| 1a nhiéu do luong)

— Nhiém vu cua bg loc 1a dua vao quan sat va mo
hinh hé thong dé udc luong tdi wu (c6 thé) trang
thai ctia hé thong.



Gisi thidu (2)

» Néu ca hai phuong trinh trén 13 tuyén tinh
va nhiéu hé thong va nhiéu do ludng la
nhiéu Gaussian thi bo loc Kalman tuyén
tinh (LKF) 1a bd loc téi vu duge s dung
cho truong hop nay

« Néu it nhat mot trong hal phuong trinh trén
1a phi tuyén va nhiéu tac dong khong phat 1a
nhiéu Gaussian thi can phai tuyén tinh hoa 2
phuong trinh trén

» Tuyén tinh hoa ham phi tuyén dua vao xap
xi Taylor bac 1 = B6 loc Kalman mé rong
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B0 loc Kalman

* B0 loc Kalman (do Adolf Kalman dua ra nam
1960) 1a mot nhanh cua bo loc thich nghi
(adaptive filter). Y tuwong xay dung bo loc
Kalman tuong tu nhu

— Biét trudc xac suat tién nghiém (prior probability)
< phuong trinh trang thai

— Xac suét tién nghiém duogc cap nhat bo1 xac Suat
hau nghiém (posterior probability) € phuong trinh
do luong

— Sau mot s6 budgc dé guy s€ xac dinh dugc trang hé
thong
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Measurement Update (““Correct™)

Time Update (“Predict™)

(1) Compute the Kalman gain

(1) Project the state ahead Kk — P;(HT(HP;\,HT + R)—l

X, = AX, 4{+Bu,_j4
(2) Update estimate with measurement z;.

(2) Project the error covariance ahead X-k — X;( 4 Kk( Zp — 2 X;‘)
P P AP - IAT + 0 (3) Update the error covariance

Initial estimates for i‘k o a0 P54
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e (3101 han:
— Tt nhat mot trong hal phuong trinh (trang thai,
do luong) 1a phi tuyén
— Nhiéu 1a nhiéu Gaussian (nhiéu trang, nhiéu
cong)
o Tuyén tinh hoa hai phuong trinh bang xap
X1

B6 loc Kalman mo rong

A va H la cac 8
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Initial estimates for x;t, andP;.

e
| Measurement Update (“Correct™)
: . T “Prodiot™
= TimeUpdate ("Predict™) (1) Compute the Kalman gain
> & (1) Project the state ahead = BUTTT T Ty~1
- - Py i Ky = PR (R P HE + ViR Vi)
pe + 5 X = X, U
R k+1 e 2) Update estimate with measurement z;
| 2) Project the error covariance ahead ¥ = 5 -K(Ze—b(%. 0
’1 )- roject the error covariance ahea X Xj + K(_k ]I(,\k, 0))
i P R A k‘P kA ]Z— = kQ k w ;{ (3) Update the error covariance




» (Gia sir can xac dmh v1 tri cua mot vat trong
h¢ truc toa do x,y bang 2 radar (nhu: hinh vé
dud1 day). V1 tri cua vat dugce xac dinh boti
toa do cua no, gia sur la (dx,dy). Khi vat di
chuyén, dua vao cac do luong cua 2 radar ta
coO thé xac dinh dugc duong di cua vat trong
h¢ truc toa do (nén nhd 2 radar chi do
lwong dugc khoang cach tir nd té1 vat - dua
vao tin hi¢u phan xa, chir khong "do" dugc
toa d0 cua vat)
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 Pé ap dung EKF, trudc

phuong x vay.

(3

VX, .
X = (.1 ) +we =] L = t-1

ay;

A

dx, ax;_; VXt +a—

AV VY +A—

hét phai xac dinh
cac phuong trinh trang thai va phuong trinh
do luong. Trong truong hop nay trang thai
cua vat 1a: x, = [dx,,vx,,dy,,vy,] voi dx,
dy, vx, vy la toa d0 va van toc cua vat theo
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* Phuong trinh trang thai cua vat tuan theo
phuong trinh chuyén dong, va 1a tuyén tinh:

+W =AX, ) +Buy  +w )
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» Phuong trinh do luong (phi tuyén)
" =[”1] el Y ={J(dx—X1)2 +(dy -1 }'Vk:

2 J(dx—X2)2+(afy—Y2)2
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Vi du (5)

* He¢ cac phu:o’ng trinh EKF duoc ép dung nhu

trén, vO1 cac ma tran Jacobian cua ham trang thai
va ham do luong theo nhiéu (Vk va WK) déulal
(ma tran don vi) vi ta coi nhiéu 13 nhiéu

Gaussian va khong doi theo thoi gian

e Chi cO ma tran H 1a ma tran Jacobian, duoc xac
dinh nl

hu sau:
I dx. - X dv, — Y. I
Aﬁ 1 0 1 0
| flav - X P+ -1,)  fldx - X)P +(dy, -T)
Cix;: sz :O= (l’x‘_: q—} 2 =0
(@ - X, P+ (@ -T,)  fld —X, P +Hdv 1) |
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Két qua

EKF Tracking in 2-Dimension

du (6)
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 An introduction to Kalman Filter, by G.
Welch and G. Bishop (2006).
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