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A New Combined Filtering Algorithm for Systems with Dual Uncertainties

JIANG Tao! QIAN Fu-Cai® YANG Heng-Zhan® HU Shao-Lin*

Abstract Kalman filter is optimal under the assumption of Gaussian white noise, while the set-membership filter (SMF),
which is based on interval mathematics, can deal with bounded noise efficiently. However, in many situations, the actual
control system is usually interrupted by both random noises and bounded noises simultaneously. It is not easy to obtain
expected results by using only one single filter, due to the limited application fields of the two filtering algorithms. In this
paper, according to the established system model with dual uncertainties, a new kind of filter named combined filter is
proposed, which is based on Bayesian estimation. This algorithm can deal with random uncertainties by applying Kalman
filter, and can deal with bounded uncertainties by applying set-membership filter. Accordingly, a new kind of easy filter
is produced. The effectiveness of the new filtering algorithm is verified in a radar tracking simulation system. From the
simulation results, the combined filter algorithm can produce better adaptability and effectiveness than any one single

filter.
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TR LA, MRS v, F ey, 2 51387 = g
71 UBB M.

BB EMREER BN T = 1s, o FE B
Fow, NEWEST AN, T EE Q. =
diag{0.5%, 0.5%}; d, i UBB M5, H AL 76
Bk F(0,diag{0.8%,0.8%}) M; IRSHIIHIE R 2o
200 12 200 10]", % % ) 4R A HEER xo
F(xo,S0), So RHIHMERIE R K/ NERE. D=
WS v, HEWE ST MRS, X 2ZK R, =
diag{202, 0.01%}; e, > UBB W5, HAL S TEMIER
F(y,,diag{30%, 0.015%}) W.
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HiggiE S E HLizg). T sk EKF,
Y4 B3 (Extended set-membership filter,
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Fig.3 Target trajectory tracking
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Fig.4 Root mean square error of displacement
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M HE— 24 RGOSR ERY. 3) Feir kAT
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# 1 RMSE ¥{EX] T
Table 1 Comparison of RMSE means

N RMSE #J {8
Yk \
{i#% (m) HEE (m/s)
EKF 11.2541 1.9795
ESMF 17.7999 3.3716
New filter 13.5249 2.1869
7
| —EKF
k! ESMF
I - — New filter

RMSE /(m/s)
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Fig.5 Root mean square error of velocity
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