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Performance Comparison of Various Extended Kalman Filter and
Cost-Reference Particle Filter for Target Tracking with Unknown Noise

Myoungin Shin - Wooyoung HongJr

In this paper, we study target tracking in two dimensional space using a Extended Kalman filter(EKF), various
Extended Kalman Filter and Cost-Reference Particle Filter(CRPF), which can effectively estimate the state values

of nonlinear measurement equation. We introduce various Extended Kalman Filter which the Unscented Kalman
Filter(UKF), the Central Difference Kalman Filter(CDKF), the Square Root Unscented Kalman Filter(SR-UKF),
and the Central Difference Kalman Filter(SR-CDKF). In this study, we calculate Mean Square Error(MSE) of
each filters using Monte-Carlo simulation with unknown noise statistics. Simulation results show that among the
various of Extended Kalman filter, Square Root Central Difference Kalman Filter has the best results in terms

of speed and performance. And, the Cost-Reference Particle Filter has an advantageous feature that it does not

need to know the noise distribution differently from Extended Kalman Filter, and the simulation result shows

that the excellent in term of processing speed and accuracy.

Key words : Extended Kalman Filter, Cost-Reference Particle Filter, Target Tracking
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Table 1. Algorithm of EKF

- Initialize with :

- Predict estimate and covariance

ay, = flay_y)
B =APR_,AT+Q

- Calculate Kalman gain
K, =P BIHP, B+ R)

- Calculate estimate
z :;3; + K, (y, _h(i;))

- Calculate covariance
P= P~ K P,
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Table 2. Algorithm of UKF(Merwe, 2004)

Table 3. Algorithm of CDKF(Merwe, 2004)

- Initialize with:
5;70 :E[xo]v E :E[(xofio)(%fio)ﬂ

for k{1, ...,0}

- Calculate sigma points:

Xe—1 7 [ik—l ik—l +vh._, ‘%k—l

/B, ]

(m) © A 2
where w|/ ——,wo =S4+ (1-a"+9),
7T
(m) —, (c) — 1 P
w" =w =—, i=1,2,...,2L,
2y
A:OL L+K \/LJr O<a<1

- Time update:

Xilk—1 :F[kalvuk-fl]

2L .
f— m
= Zwi Xi klk—1
i=0

Ty ] [X:,klk— 17 'i'k ]

2L
B= _Ewi,r DX k-1

i=0

Xelk—1 = M Ik Jr"/\/7

Y1 = H[Xk\k—J

E}’w 1 klk—1

0=

- Measurment update equation:

nyzw iklk—1"
1=

TRl AT

T+Rv

s

+R"

27
Fi:‘E()wgu)[xi.k\kfl_yknyk\k T
i=

-1

K = P-
k Tk Y

T, = :rk +/<;L(y yk)
— P T

B =5 —r&Fm

where R =process noise covariance

R" =measurement noise covariance

- Initialize with:
920 :E[Io]’ g :E[(%*io)(%fﬂgo)q
for k{1, ...,00}

- Calculate sigma points:

Thyh ik—l —hyE_, }

Xe—17 |Tk—1  Tk—1

(m) W—L (m) 1

where wy"’ = , w =——
0 R ‘ 2h?
¢ 1 =1
@,1):727 wfoz)_ L i=1,2 2L
4l 4h
- Time update:

Xilk—1 =Flx; -]
L
Ty = Z]wim Xiklk—1

i=(

~

2
E Xz Elk—1 XL+i.k\k—1) +

) 2 ol
wzq (Xi‘k\k71+XL+i‘k\k71 72X0.k\k71) |+R
Xik—1 = [xk T Thy B,

Yigp—1 = Hlxy -1

—ny/F |

S (m)
Y = wa" Y kik—

- Measurment update equation:
Z [w Ykk—1 YLH,klk—l)ZJf

(ey)
w; ()/i,klk'—l Y i1

—2Y) e IR
(1) p— T
o = Y By [Ym.k\k—l*YL+1:2L.L~\L:—J

—1

K, = )
k Tl Yr

x;, fa:k +)§k(y yk )
B, =P —k,P-r]

k k Ky Pk
where R" =process noise covariance

R" =measurement noise covariance
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Table 4. Algorithm of SR-UKF(Merwe, 2004)

- Initialize with:
2 = E[x,]. S = chol{ E|(z, —2,)(z, —2,) "]}
for k{1, ...,00}

- Sigma point calculation and time update:
Xp—1 7 [Ik—l T TS, zk—1_'YSk]
Xilk—1 = Flx

2z -
Ty = Z}o VVi{m Xi klk—1
S =ar(ly me (XT:QL,k-Ik—l _JE;) VR'])

S, = cholupdate{S,;,X;k *:E;,wgc)}
Xklk—1 = [93; o S _'YSk-i}

Y1 = Hlxgy— ]

2L

ST (m)

Y = ijim Y et
=

- Measurement update equation:
ngzqr([‘f I/Vl(ﬁ)()/l:ZL,k\kfl_z;k) VRHD

- - o e)
S = cholupdate{Sk Yo T YWy }

2L
— (¢) 1y ST
P.”yk = X]Uwic [Xi.k\k-—l T Il iklk—1 _?/k-}
=

ko= (P, /S])/S;

Tk Y
Ty :x; +Hk(yk_y;)
U= Iik_SyA‘

S, = cholupdate{S,; , U, — 1}

where R"=process noise covariance

R" =measurement noise covariance

=1+ Ay ©)

o7]1M A ol HElEY 7|oFe AeHer ¥
318t 4 9le TZbA|4x(Forgetting factor)©] 1 A C, =
S5k 2 7F FoAHS W 5,9 AoEs Uehdle S
H]-&3+(Incremental cost function)o|® ¢ > 1Y uj,
lz),—h(sllfol SJ3f A=t v]-g 7)dre] e =4
72 gtelZ 2 ¥ H]E(Particle and associated costs)
A v = (s, G0} om ERER of7)q N A
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Table 5. Algorithm of SR-CDKF(Merwe, 2004)

Table 6. Algorithm of CRPF(Xu, 2006; Lim, 2013)

- Initialize with:
&y = E[,]. S = chol{ E|(z, — )z, —2,)"]}
for k{1, ...,0}

- Sigma point calculation and time update:
Xp—17= [ik—l 321%1 +hs, ik—l 7h‘9k]

Xilk—1 =F[Xk-—17“k—1]
2L )
= Z:O Wz{m Xi bk —1

— e (i
S =q [y Wf (Xl:L,klk—1 7Xz+1:2L‘k\k71)

[1ihes) (x :
VVl( ) (Xl:L,klk-—l +X;+]:2L‘k\k71_2%,k\k71)
S7)

- Calculate sigma points for measurement update:

X;\k—l = {i; 92; +hs, 92; *hSki}

- Measurement update equation:

Yip1= H[Xk\k—J

EVV{ 71\\#*1

i=0
_ 1)
S;A—qr‘([\/ Wl(c (Y zak—1— Yoer ommn—1)

cl)
VVl( (Y1 nkk—1 T Yo 220, klk—1 72YE).k\kfl)
S'n])

A
VV((‘ S[ :Lklk—1 YL+1:2L,k\k71}

Ty

= (p,,/S1)/s,

T1Yy k

Q;k :35; +K‘k(y}c73}2)
U= KkS&k

S, = cholupdate{s;, , U, —1}

where R =process noise covariance

R" =measurement noise covariance

- Initialization:

Generate s’ ~p,(s,), and assign the cost G")

and initialize ag’(i) for i=1,....M

Recursive update for k=1,..., /A
- Compute (for i=1,...,K)

'=AGY, +lz,—hlg(si) 7 for ¢ = 1, and
1

i

~(i) (i)} —
PMF, m, o u(R") (R min{ RO} o)

- Selection, or resampling

~ ~ P M ~(i
Xeo1 = {si’ll,cﬁ.’ﬂl}iZI according to 7T;:)

113

where ” denotes resampled version of the

particle set.

- Particle propagation (for i=1,..., M)

i (@) i i
SEﬁ ) ~p(sls, )= N(g(sl(ﬁz oy 1)1[3])

where N(a,b”) denotes a Gaussian distribution

with the mean of a and variance of °,

2
06) K 2 sy *g(sk DI

f—17k=1 Jox dim[z]

Compute the cost (for i=1,...,M)

G=2G" | +lz,—h(s{)" and normalized PMF,

i i 1
m oy (G) = —

where «,3>0.

- Estimation

_ mean _ "M _(i) (i)
sp =8y " =200 M8y
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