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A Particle Filter Algorithm Based on
Scaled UKF with Reduced Sigma Points

ZHAO Guang-Qiong!
FU Kui?

CHEN Shao-Gang!
TANG Zhong-Liang? HE Wei®

Abstract In order to reduce the computation burden of con-
ventional unscented particle filter (UPF), a method for particle
filter based on minimal skew simplex unscented transformation
(MSSUT) is proposed. This method uses a minimal skew sim-
plex unscented Kalman filter to generate importance distribu-
tion of the particle filter. It can extend its overlaps and pos-
terior probability density, and reduce the computation burden
by reducing sigma points. However, the sigma point set cover-
age radius expands over dimension of state space, which results
in the deterioration of the aggregation of sigma points. Auxil-
iary random variable formulation of the scaled transformation
can overcome the defect of sigma point set distribution expan-
sion. So a scaled minimal skew simplex unscented particle filter
(SMSSUPF) is introduced. It is shown by simulation that com-
pared with conventional unscented particle filter, the computa-
tion complexity of SMSSUPF can be reduced, the computation
burden can be reduced, and compared with spherical simplex
unscented particle filter (MSSUPF), SMSSUPF can reduce the
system noise and the measurement noise variance estimation er-
ror.
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Table 1  Performance influence of different particle filters with different @
Algorithm g=1 q=0.1 q=0.01 q = 0.001 g = 0.0001 q = 0.00001 Time (s)
UPF 1.4984 0.84851 0.15573 0.082985 0.086643 0.055827 21.683
MSSUPF 5.8083 5.2345 1.6428 0.95403 0.6575 0.19036 17.812
SMSSUPF 1.3037 0.77029 0.14889 0.061668 0.070857 0.049811 18.337
X2 R AR 38 M RE 1 52 0
Table 2  Performance influence of different particle filters with different R
Algorithm r=1 r=>5 r =10 r =20 r =50 r =100 Time (s)
UPF 0.6945 0.77943 0.83746 0.86939 0.9355 0.85154 20.313
MSSUPF 0.80361 1.6707 3.2526 4.2874 5.0471 6.5444 17.089
SMSSUPF 0.71223 0.75518 0.95492 0.84799 0.86805 0.84255 17.444
3 3
—+—UPF —+—UPF
MSSUPF MSSUPF
ot —4— SMSSUPH —A— SMSSUPF

260 360 400
SRR AR @ = 0.01 RHPEREELE:

0 100
Kl 2
Fig.2 Performance of three different filters with ¢ = 0.01
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Fig.3 Performance of three different filters with » =1
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Fig.4 Performance of three different filters with r = 20
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