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OUTLINE Unscented Kalman Filter (UKF)

ZIRIMT LM RS

Tpr1 = [k, wy, k) (1)

Y = h(zk, k) + vy, (2)

EEF', x, € R", Y € R™ w, e R, v, € R™, Jﬂ:,&l‘, E[wk] =0, E[’Uk] =0,
E[wk'wJT] = Qkékjy E[vkv;r] = Rkékj, E[wk'v;r] = 0, Vk,jo
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1 EKF E3X[Em Unscented Kalman Filter (UKF)

1 ¢ EKF EZMEH

fajic
Ty = T, Pr = P,

T, = Tpp-1, P, = Pyp

(1) #ME[1k: zo = Exy, Py = var(xz)

Dr. Yuan-Li Cai Xi'an Jiaotong University


mailto:xjtu001@qq.com

1 EKF E3X[Em Unscented Kalman Filter (UKF)

(2) Ef[EMELE (time update):

Ty = (@, 0, k) (3)
P, = F,P.F + G,Q:G} (4)
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1 EKF EXEIER

Unscented Kalman Filter (UKF)

(3) EMEE (measurement update) :

Y1 = h(Tq, k+ 1)
PP, = Hy 1 P Hiyy + Rin
Plffl = Pk_—HHI;F-i-l

Kio = P (P

Tppr = 2y + K1 (s — Uppy)

_ - yy T
Pk-i—l - Pk+1 - Kk+1Pk+1Kk+1

()
(6)
(7)
(8)
(9)
(10)
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1 EKF E3X[Em Unscented Kalman Filter (UKF)

Hep:
F
Fk: _ d (?7}0167]{)
Ly =&, w,=0
F k
Gk _ 0 (wakagjka )
wk wk:a}k,'wk:O
8h($k+1, k + 1)
Hy., =
" Oy,

Tpp1=E) 4

REEFS, .. Uy PARTFREGERSEENHN (—F) FNHEIT.
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Unscented Kalman Filter (UKF)

220 UT ¢

UT: Unscented Transformation
ZEIF A& MR
y = h(z) (11)

Hif, ze R"~N(z,P,), ye R™,
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2 UT %k

Unscented Kalman Filter (UKF)

MIEI T NI sigma =4

_ K .

X0 = T, w0:n+m’Z:O (12)
1

Xi =&+ (V(n+k)Py);, wizz(n_i_ﬂ),i:l,---,n (13)

1
Xi =% — (V(n+£K)Py)in, wi:m7i:n+1a"'72n (14)

He, x UBASE. Yz HEXDH, k=3—n,
Ba, BHE2HUE (FBEE) B

Y= Zwiyi (15)
P, = Zwi(yi —9)(yi—9)" (16)
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Unscented Kalman Filter (UKF)

EEP; yZ: h'(X@)7 ZZO? a2no

Dr. Yuan-Li Cai Xi'an Jiaotong University


mailto:xjtu001@qq.com

3 SUT Z#H Unscented Kalman Filter (UKF)

30 SUT Z&ip

SUT: Scaled Unscented Transformation
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3 SUT Z#H Unscented Kalman Filter (UKF)

An+A), 1=0
wgm): /(n ), i (20)
1/2(n+A), i=1,2,---,2n

w{ M+ +(1—a248), i=0 o

] 12, i=1,2,- 20
Hep, TiASHE0<a < 1(—KTiE o =1073), 8 1RIE = £EFNREE
(EZ&EDHR, 8=2A&%MK), « BEBMHO0, A= (n+r)a®—n
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3 SUT Z#H Unscented Kalman Filter (UKF)

Bt
2n
g=> w™y, (22)
=0
2n
Py=> w0y — )y — )" (23)
1=0
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3 SUT ZFi#

Unscented Kalman Filter (UKF)

P, Linear Error
Theory
y=ry D>

True Covariance

Sigma Points P =§"”=u’!—’]m’!ﬂ"
A=xza

=] e
Unseented o _F=YWY
Transformation 5 -
y=r N>

N=1Xx)

X

Transformed
Sigma Points

Figure 1: UT 28R = %]
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4 UKF &% Unscented Kalman Filter (UKF)

4 ¢ UKF &%

(1) ¥ RRE:

T P Prv
| = 8 (24)
wy, Pr*  Qy

8
)
|

(2) ¥EFF sigma &1 KIE (2, PP) 8K L(=2(n+q))+1 4> sigma £ (x%),
i=0,1,---,L,
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4 UKF &% Unscented Kalman Filter (UKF)

(3) KFEMEIE:

Xik+1 = .f(X;‘l,lm k) (25)
L
Ty = sz(m)Xi,kH (26)
i=0
L
P, = Zwl(C)(Xika =2y ) (Xikt1 — §31:+1)T (27)
i=0
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4 UKF &% Unscented Kalman Filter (UKF)

(4) ENEIE:

Yipt1 = h(Xik+1, b+ 1) (28)
L

Y1 = Z w1 (29)
i=0

L
P => W (Yipar — o)) Wirt — Ui) T+ Risr (30)
=0
L
P = Z wz@ (Xigt1 = Tp1) (Yihs1 — gk_+1)T (31)
i=0
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4 UKF &% Unscented Kalman Filter (UKF)

Ky = P2 (PYY)™
Tpy1 = Xy + K1 (Yrs1 — Yipq) (32)

_ — yy T
Py = P, — K, P K]
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5 UKF &% Unscented Kalman Filter (UKF)
50 UKF &L &%

ackH = f(il?k, k?) + Wy, (33)

ZIRIMTIIMEREIRZE MRS

Y = h(a:k, k) + vV (34)

(1) i£FF sigma = KIE (@r, Pr) £ L(=2n) + 1 4> sigma = xix, @ =
07 1, . 7LO
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5 UKF &% Unscented Kalman Filter (UKF)

(2) BFEMEIE:

Xik+1 = JF(Xix: k) (35)
L
Ty =Y w" Xk (36)
=0
L
P, = Z wz(C)(Xi,kJrl = T 1) (Xik+1 — aA;l;H)T + Qx (37)
=0

Dr. Yuan-Li Cai Xi'an Jiaotong University


mailto:xjtu001@qq.com

5 UKF &% Unscented Kalman Filter (UKF)

(3) ENEIE:

Yik+r1 = M(Xijpt1, k + 1) (38)
L

Ui = > 0y (39)
=0

L

PY = W (Yigrr — Upr) Wiers — Yigr) "+ Ry (40)
=0
L

Pl = Z W (Xijer1 — T ) (Y1 — Uppn) (41)
i=0
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5 UKF &% Unscented Kalman Filter (UKF)

Ky = P2 (PYY)™
Tpy1 = Xy + K1 (Yrs1 — Yipq) (42)

_ — yy T
Py = P, — K, P K]
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5 UKF BHE% Unscented Kalman Filter (UKF)

[Remark]

B ZEFFEEAIRTIAR A Cholesky MREE;

B UKF 5 EKF ItEEEEHE/), BARAFTEITE Jacob JEME, RIKIE
BRI EREMYEL,

B LR, PIINEARIBRE.. BEREES

B R AT IRE RGN, BTN ATSEGT. ez, &
SHE. HEFFIHUN. EREREEFIE.

Dr. Yuan-Li Cai Xi'an Jiaotong University


mailto:xjtu001@qq.com

6 THEEH Unscented Kalman Filter (UKF)

6o FEES

5 1] ZErRAF LM R S

Lpsinim 1oy
= in— + —
Tpt1 S o5 2% Wy,

%x% + Vg, k < 30

Y =

%%k + Vg, k> 30

HA, w, ~N(0,107°), v ~TI(3,0.5), zo~N(1,3),
UKFEZSE a=18=2k =0, FRIRZE (root-mean-square-error,

RMSE) EbE DL FR 1.
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6 THEEH Unscented Kalman Filter (UKF)

MNanlinear Time Vanant State Estimation (non Gaussian noise)

+ clean
a5 | + + ey
- ekf estimate
ot + 1
.
.
s
280 + i
oy
+ 4
fen)n ++

e ++++++++:_

U Tt S S

Figure 2: EKF JEJ7
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6 HEEH

25

Unscented Kalman Filter (UKF)

MNanlinear Time Vanant State Estimation (non Gaussian noise)

clean

+ n +  roky
g ukf estimate
+ i
+h +
o .
+ +F
+ o+
+

-
4+t Ty TRt
AR SRS

Figure 3: UKF JE)%
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6 THEEH Unscented Kalman Filter (UKF)

Table 1: Y75 HR 1R 2 LU
ik RMSE  #&7F

EKF 0.113 &2
UKF 0.043 &3

(5 2] ZRan TR RS

T 5l’k
Tkt = 5 + e + 8cos(0.4k) + wy,
—x—%%—v
yk—20 k
Her, zg ~N(0,5); wp ~N(0,10), vy ~N(0,1), ZFIFAHBKRE, 4
R v =R 1E4.
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6 THEEH Unscented Kalman Filter (UKF)

Figure 4: UKF {j£ (RMS=2.0)
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7 MATLAB CODE Unscented Kalman Filter (UKF)

70 MATLAB code
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7 MATLAB CODE Unscented Kalman Filter (UKF)

%UKF algorithm 1
function [xhat] = UPF_A1(f, h, Q, R, x0, PO, y)
tf = size(y,2);
x =x0;

P = PO;

n = size(P, 2); m= size(R, 2);

for t = 1:tf
% time update

[sigm, wm, wc] = OnSigmaPoint(x, P); % generate sigma points

sigmaX = feval (f, sigm, t);
xhat_minus = sum(sigmaX.*repmat(wm,n,1));
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7 MATLAB CODE Unscented Kalman Filter (UKF)

{\bm{P}}_minus=Q+

sum (((sigmaX—xhat_minus)*(sigmaX—xhat_minus) ). *repmat(wc,n,1));

sigmaY = feval(h, sigmaX);

\bm{y}_minus = sum(sigmaY .*repmat(wm,n,1));

{\bm{P}}_{\bm{y}}y=R + sum (((sigma¥Y—\bm{y}_minus)*(sigma¥Y—\bm{y}_minus)").
{\bm{P}}_{\bm{x}}y=sum (((sigmaX—xhat_minus)*(sigmaY—\bm{y}_minus)').*repma

Kg = {\bm{P}}_{\bm{x}}y*inv ({\bm{P}}_{\bm{y}}y):
xhat(t) = xhat_minus + Kg*(y(t) — \bm{y}_minus);
x = xhat(t);

P = {\bm{P}}_minus — Kg*{\bm{P}}_{\bm{y}}y*Kg";

end
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7 MATLAB CODE Unscented Kalman Filter (UKF)

function [sigma, wm, wc] = OnSigmaPoint(x, P)
alph = 1.0;
beta 2.0;

ka = 0;

L = size(P, 2);
Imd = (L+ka)*alph*alph — L;

PS = sqrtm ((L+Imd)*P);

wm(1l) = Imd/(L+Imd);
wc(l) = wm(l) + (1—alph*alph+beta);
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7 MATLAB CODE Unscented Kalman Filter (UKF)

sigma (1) = x;

for i=2:(2*L+1)
wm(i) = 1.0/(2*(L+Imd));
we(i) =wm(i);
if i <= L+1;
sigma(i) = x + PS(:,i—1);
else

sigma(i) = x — PS(:,i—1-L);
end

end;
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7 MATLAB CODE Unscented Kalman Filter (UKF)

%UKF simulation example

clear all;

PO = 5; % Initial noise covariance
Q = 10; % Process noise covariance
R = 1; % Measurement noise covariance

tf = 100; % Final time

h = inline('(x.72)/20");
f = inline('0.5*%x + 5*x./(1+x.72) + 8%cos(0.4*t)",'x","t");

randn('state ' ,0);

x0 =sqrtm (P0)*randn (1); % Initial state value
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7 MATLAB CODE Unscented Kalman Filter (UKF)

for t = 1:tf % Simulate the system
if t =1
x(t) = feval (f,x0,0) + sqrtm(Q)*randn(1);
else
x(t) = feval (f,x(t—1),t—1) + sqrtm(Q)*randn (1);
end
y(t) = feval(h,x(t)) + sqrtm(R)*randn (1);

end

xTrue = [x0, x];

xhat = UKF_A1(f, h, Q, R, x0, PO, y);
xhat = [x0, xhat];
plot (0:tf ,xhat, bo——",0:tf, xTrue,’'r’, 1:tf, y, 'k*¥-");
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7 MATLAB CODE Unscented Kalman Filter (UKF)

xlabel ('Time');

legend (" IRZSMEE " CKRSEE ', EBWUE ")
title ("UKF Simulation by Yuan—Li Cai');
grid on;

rms = sqrt(sum(((xTrue — xhat).”2)/tf))
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