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Fig. 1. 100 point realization for Eq. (9).
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Fig. 2. (color online) FFBS estimation of posterior

mean.
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Fig. 3. (color online) FL estimation of posterior mean.
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Fig. 4. (color online) TF estimation of posterior mean.
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Fig. 6. (color online) RMSE of FFBS, TF, FL, DLS.
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Table 1. RMSE max, min, mean and variance of
FFBS, TF, FL and DLS (u =1, v = 1).

FFBS TF FL(L=20) DLS
Max  4.4979  2.5482 3.0893 1.0890
Mean  2.1780  1.9128 1.1307 0.9183
Min  1.4045  1.4254 0.9152 0.8006
% 05525 0.1991 0.4127 0.0507
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Fig. 7. (color online) RMSE of FFBS, TF, FL and

DLS (u = 10, v = 10).
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Table 2. RMSE max, min, mean and variance of
FFBS, TF, FL and DLS (u = 10, v = 10).

FFBS TF FL (L = 20) DLS
Max  5.6594  4.4375 5.3818 3.7173
Mean  5.1000  3.7461 3.3885 2.8428
Min 4.5880  3.1839 2.6134 2.4561
i 7% 0.2104  0.2765 0.5560 0.2290
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HIAEE: Inter(R) Core™i5-3470@3.20 GHz, Mat-
labR2014b. 7EAH [E] 07 ELAEL T, )7 100 % &
7N, DLS 5% it /NF FEBS, TF, 5 FL &k it
FHY. HAEFFBS, TF 38 EE, Wik ¢ 121
fhiHE, BALBPITEIENT Bt HHH T — t IRk
REMZ TS 2. 1M E DLS WAl i ¢ i ZPIRZSE, Jo7E M
T W ZI3EAT 3 7, BT BA 4 AT v 57 V5558 DLS
I, FL I B BRI
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Abstract

A novel particle filter smoothing algorithm for non-linear state estimation is proposed. The key point of this
algorithm is that the length of the interval of the particle filter smoothing can be dynamically computed by the difference
between the particle and the signal observations, which effectively suppress the phenomenon of increasing error of the
system state estimation caused by the particles’ weight redistribution when using the fixed smoothing interval method.
By considering the signal and the heat bath as an abstract universe based on the particle filter /resampling, a physical
analogy is made between the particle filter and the abstract universe, which obeys the second law of thermodynamics.
That is to say, when there is no new observation, no matter where the initial state is from, the entropy of the whole
system will increase. However, with the coming of the observations this law can be violated. The particle filter behaves
like a Maxwellian demon in this physical analogy, returning energy to the heat bath which thus causes entropy to
decrease. This is possible due to the steady supply of new information. Then the length of the smoothing interval can
be dynamically corrected based on the change of the entropy, so the weight assignments of the particles is optimized,
and the performance of the particle filter can be improved. The estimation accuracy of the approach which is verified

by simulations is better than the traditional smoothing methods with an affordable computation burden.
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