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Tpy1 = fro(xw, wi) (1)

Yi = hy(@k, vi) (2)
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EXME, B EREuLA
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¢ ZEXFEE (systematic sampling)
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R, w, BRESRBEGITEEERNRELRE, FXFA, ROK
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OF: = #E?E—Fﬁ'%%) '

(3) _(2)
Ly, = E Wy, Ty
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(58]
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5.4 HBHABERMBXRMR
L SINKTFRUESE BREG—TEHHATEXRME
2. EEMREUAR: WK FIRK (APF)
3. BB EREULI. SR FIRK (GPF, GSPF %)
4. REEMELR: hEMAKFIEE (Marginalized Particle Filter)
5. REIMERHEE,
6. #x N\ EKF/UKF %

7. BENEA;
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8. BB
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5.5 3CIjE)@5 MATLAB CHD
5.5.1 EEMWNEITE
MRENREFZMHERE, BD yr = hi(xp) + v, B4

wy = p(yel)_,) = po, (ys — W@ _))) (24)

5.5.2 FOURIFAHE
MRSEBREZNMEN, B4

mk\k 1 fk(wk 1k— 1)"‘“’1(;)1 (25)

_ HEEEST w) ~py (w ). |
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5.5.3 MATLAB code

%PF

function [xhat] = PF(f, h,pd\bm{f}_v,Q,P0,M,y)

n = size(P0,2);

x = sqrtm(P0)*randn(n,M); % 1. Initialize particles
tf = size(y,2);

% Algrithm 2
for t = 1:tf
e = repmat(y(t),1,M) — h(x);
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% 2. Calculate weights

w = feval (pd\bm{f}_v,e); % The likelihood function
w = w/sum(w); % Normalize importance weights
xhat(t) = sum(repmat(w,n,1).*x,2);

x = resampling(x, w);% 3. Resampling

x = feval (f,x,t)+sqrtm(Q)*randn(n,M);

% 4. Time update

end

% Algrithm 1

% for t = 1:tf
Dr. Yuan-Li Cai Xi'an Jiaotong University
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% x = feval (f,x,t)+sqrtm(Q)*randn(n,M);

% 2. Time update

% e = repmat(y(t),1 ,M) — h(x);

% 3. Calculate weights

% w = feval (pd\bm{f}_v,e); % The likelihood function
% w = w/sum(w); % Normalize importance weights

% xhat(t) = sum(repmat(w,n,1).*x,2);

% x = resampling(x, w); % 4. Resampling

% end

function [x] = resampling(x,w)
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wc = cumsum(w); M=length (w);

u= ([0:M-1]+rand (1))/M;
ind = zeros(1,M); k = 1;
for j = 1:M

while (wc(k)<u(j))

k = k + 1;
end
ind(j) = k;
end
x=x(:, ind);
iR
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(1) £, b, pd\bm{f}_v: A (inline) BRI M X, DRIAREHTER
ENHTEFEMERBUARMARE (BENREBERL),

(2) Q, Po: HRERESHIIRRZSHTTZHERE;
@) M, v HFHSENE;
(4) Xnat: RISIRE ().

Dr. Yuan-Li Cai Xi'an Jiaotong University


mailto:xjtu001@qq.com

5 RWFREEZX Introduction to Particle Filtering

5.5.4 {HEEH

[ 1] FZ R CRAFHER (EKF )

T 25£L'k

Tp+1 = 7 + rxz + 8COS(12]{?) + Wi
_ %
Y= 30 + Uk
Hef, 29~ N(0,5); wy, ~N(0,10), v ~N(0,1), ZHF¥HEEFSE, 18
BN,
SSILAH
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clear all;

M = 1000; % Number of particles

PO = 5; % Initial noise covariance
Q = 10; % Process noise covariance

R = 1; % Measurement noise covariance

tf = 100; % Final time

pd\bm{f}_v = inline('1/(2*pi*1)"(1/2)*exp(—(x.72)/(2%1))")
f = inline('x./2425%x./(14+x.72)+8%cos (1.2*t)",'x","t");
h = inline('(x.72)/20");

Dr. Yuan-Li Cai Xi'an Jiaotong University |


mailto:xjtu001@qq.com

5 RWFREEZX Introduction to Particle Filtering

x(1) = sqrtm(PO)*randn(1); % Initial state value
y(1) = feval(h,x(1)) + sqrtm(R)*randn(1);

for t = 2:tf % Simulate the system
x(t) = feval (f,x(t—1),t—1) + sqrtm(Q)*randn(1);
y(t) = feval(h,x(t)) + sqrtm(R)*randn(1);

end

xTrue =

XV
xhat = PF(f, h,pd\bm{f}_v,Q,P0O,M,y);
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plot (1:tf ,xhat, ' b——",1:tf ,xTrue, 'r");
xlabel (" Time");

legend ("IRTSEE RS REE )

title (' Particle Filter Simulation by Yuan—Li Cai');

grid on;

rms = sum((xTrue — xhat).”2);

rms = sqrt(rms/tf)
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Particie Firer Simuinizn by youn-Li Gai
T T T

Figure 3: BB (a)
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Farticle Filter Simulation by Yuan-.i Gai
T T T

n
2]
sl

Eil

Time
(FhIS=4.2645)

Figure 4: 1383 (& (b)

sl
a
8
=1
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Figure 5: K785 H (c)
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60 i Vi a1

6.1 IEMMvH T 8K

NFIRERTITEEXR, FELAGFENTRUMATFALDA, K
FRUABBREIRS, PENTHEENMNEZERA, METHNFHE
EUNELTBLEER/N, BEET 0. BEEXRS, MeTESHNFIE
REEREE, TTRURRRA RN R

BAERSZ=ENRELEXE, MR p(yiler) 5 p(@lye-1) FERFES
i, SHIRFRAAR . BIBE p(yslz,) FENZEIMRHAITERER,
PN T IR E A ERFHE SR>, FENFHID MRS
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Z, Allt, RETHZRAEE. XEFENBENCHR FIRIENERE
8, X2 ARG R T R BB R EE .

TF{kEiF 8% (Regularied Particle Filtering, RPF) JBIT{& 2 &= XA
BHOMEZERECRTR, AESMNMERERENAERIE PF BT
AEER R E R, MMRIEEREENNTFEE SHFME.

EIFieTE PF 8%, EXMFARERED THRZEREC

Cl?k|k E 'wk $k|k—wk|k 1)
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RPF &, X LTSI T &SR

P( @) = i By K (@i — @) (26)
s

Kn(z) = h"K (2/h) (27)

hERHEE, BB K(x) I— A NHOREY, BEOTEM

/ 2K (2)dz = 0 (28)

[ lialfida < oc (29)

TRNERSRE, PINERRK. SARK AORKE HET
BELOHERE, ,
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6.2 HENTFIEK

NFRETT IS SEMERARAESERER, Mol AREREN
MR, Blan, oK PF 5 EKF A4, tho U PF 5 UKF A&, RI& T
IMFRA EKPF, BT IMFRA UKPF 5 SPPF,

EKPF EAREMNT:

1. S gARF 4T EKF:

@ pl)

b k|k] _ EKF(ﬁ?(i) P(i)

k—1]k—1 k*1|k71>’z =L2--- N

2. IWHEERMFHER:
i NOTNG w®
2w,
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6 BRI IRK

3. EXRH:
(i) ()

[:i:,(jl)k,P,ir,Z] = Resample[®, ), , w;"],1 =1,2,--- | N

RER EHEE EKF #4 UKF {£:2 SPPF f9/RIE, REHRA.
(B 2] &AL MRS
k1
Tppr =1 +Sln% + 5Tk + wy,
st v, k<30

Ye = L
5Tk + vg, k> 30

HEF', wkNN(0,1.€—5), UkNP(3,05), onN(l,%)o

200; % number of particle
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Nonlingar Time Wariant State Estimation (non Gaussian noise)

clean
3B + noisy H
o+ — pf estimate

o 10 20 1] 40 50 1]

Figure 6: PF {jH
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Monlinear Time Yariant State Estimation (non Gaussian noise)

.
]NW
E NS

clean

+  moisy

sppi estimate

e

Figure 7: SPPF {jj &.
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