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  6) Resampling. Draw N new particles based on the posterior PDF, obtained in the previous 
steps; set new particle weights values (usually q i,(k) = 1/N). 

  7) Calculate the estimated value, increase the time step k = k + 1, go to the 2nd step. 
 In the presented above algorithm, the optimal choice of the importance density is [8] 

 ( ) ( ) ( )( ) ( ) ( )( ) ( ) ( )( )1||,| �� kkkkkkk ppg xxxzzxx , (8) 

(see example in Fig. 1), however the analytical calculation is possible only for specific cases, 
and generally some other methods must be used (see the next Section). 
 

 
Fig. 1. The upper graph – exemplary transition and measurement models; the lower graph  

– multiplication of these two models and simultaneously optimal importance density for this case 
 
 
 The resampling step, which one can see in the both algorithms (second to the last step), can 
be compared to the survival of the fittest from the theory of natural selection [9]. In this step 
particles with low weights are deleted, and particles with high weights are copied (reprodu-
ced). There are many different kinds of resamplings, but the systematic resampling, which is 
one of the most used, has been chosen in this paper. 
 The operation principle of the systematic resampling is based on the assumption that all N 
particles are “drawn” using only one random number. This is possible because only the first 
value is drawn (uniformly distributed value from 0 to 1/N), and all others are increased by  
a multiple of 1/N. If the particle’s weight is high enough (higher than 2/N), it is certain that it 
will be drawn to reproduce (the algorithm is more stable than multinomial resampling, in 
which every particle is selected from the whole range). In the Algorithm 3 one can find the 
pseudocode of the systematic resampling. 

Algorithm 3: Systematic resampling 
  1) Initialization. Set value j = 1 and sum of weights S = q1,(k), generate one random value 

u ~ U[0,1/N). 
  2) For i = 1..N perform steps 3-5. 
  3) While S < u do: j = j + 1 and S = S + q j,(k). 
  4) Choose particle x j,(k) for replication. 
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Fig. 15. Results of the EKF and UKF methods with an incorrect measurement model 

 
Table 1. Results of the EKF and UKF methods (the same one can see in Figs. 14-15) 

 aRMSE values 

mult 
incorrect transition model incorrect measurement model 

EKF method UKF method EKF method UKF method 
0.1 0.0099049 0.0099241 0.010331 0.010328 
0.17 0.0096256 0.0096359 0.0097824 0.0097806 
0.33 0.0092198 0.0092269 0.0092446 0.0092436 
0.5 0.0090315 0.0090379 0.0090415 0.0090409 
0.67 0.0089393 0.0089443 0.0089456 0.0089457 
0.83 0.0088995 0.008903 0.0089026 0.0089037 
0.91 0.0088924 0.0088953 0.0088941 0.0088957 
1 0.0088903 0.0088924 0.0088903 0.0088924 
1.1 0.0088941 0.0088955 0.0088924 0.0088952 
1.2 0.0089026 0.0089034 0.0088995 0.0089029 
1.5 0.0089456 0.0089445 0.0089393 0.0089444 
2 0.0090415 0.0090377 0.0090315 0.0090386 
3 0.0092446 0.0092347 0.0092198 0.0092295 
6 0.0097824 0.009748 0.0096256 0.0096414 

10 0.010331 0.010279 0.0099049 0.009928 

 
6. Conclusions 

 Based on the results presented in the previous Section, one can say that using the incorrect 
transition and measurement model of the PF methods can provide a slightly better estimation 
quality than the correct models. 
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