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Abstract  
Aiming at GPS dynamic filtering method, this paper uses the method of multi-scale analysis, 

combines the “current” statistical model of automotive carrier with multi-scale signal transformation which 
is based on statistical characteristic, establishes the new algorithm of multi-scale data fusion for GPS 
dynamic filter combining with normal Kalman filter algorithm, at last achieves the optimal fusion estimated 
value of the target states based on global information at the finest scale. When the above algorithm is 
used to GPS dynamic filter, the simulated results show that the proposed algorithm can effectively 
increase estimated precision of target states compared with the conventional KF. 
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1. Introduction  
In this paper, based on the detail research on multi-scale theory and traditional multi-

model estimation method, combining the GPS dynamic filtering method and multi-scale signal 
transformation method which based on statistical properties, proposed a distributed dynamic 
model of GPS multi-scale information fusion estimation algorithm. 
 
 
2. DWT 

The basic ideal of multi-scale analysis is: the pending signals using wavelet transform 
methods in different scales of decomposition, and then get the corresponding smoothed signal 
and detail signal; wavelet transform is to connect the signal on the bridge at different scales. 

If wrote the vector sequence   1 nRki,x  Zk   on scale i to block: 
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In this Mi = 2i-1, so Wavelet analysis and synthesis transform operator form are: 
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In formula (1) to (3), subscript V and D stand for the projection on smooth and detail 

signal space of Xm(i); Subscript m stands for the number m data block; ii nMnM
i R L  is the linear 

operator in needed form to transform block vector Xm(i) into wavelet, the number of diagonal 

matrix is n; Hi-1 and Gi-1 ii MMR  1  is the scale operator and wavelet operator from scale i to 
scale i-1. 
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3. GPS dynamic filter model 
The state variables of three-dimensional motion vector can be described in: 

 
 Tzzzyyyxxx avzavyavx X

 (5) 
 
Mobile carrier a(t) random acceleration model can be expressed as: 
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i=x, y, z (6) 
 
The system state equation can be written as: 
 
         ttttt WUΓAXX 

 (7) 
 
The positioning of the GPS receiver outputs the result take place for the appearance of 

measurement, which can create the measurement equation. From the analysis, the three 
groups there is no coupling between state variables. Take x axis as example: 
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In formula (6) to (8), the definition of each parameter can be found in reference (6). 

 
 
4. Multi-scale distributed estimation 
A System Description 

Suppose a class of single sensor single model dynamic system set up in a scale is : 
 

 
 
The initial value of system is  0,Nx  and it’s a random vector, and: 
 

 
 
Assume that  0,Nx  kN ,w  kN ,v  are statistically independent. 
 

B Multi-scale distributed estimation 
Divide the state vectors and measurement vectors into data blocks that its block length 

is 12  NM  
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So, the relationship between m -th data block  NmX  and 1m -th data block  Nm 1X  is: 
 

             NNNNNNN mmmmmmm WBUΓXAX 1  (17) 
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None-zero entries of  NmΓ  are: 
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None-zero entries of  NmB  are: 
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For Ml ,,, 21 , the measurement equation is: 
 
       lmMNlmMNlmMNlmMN  ,,,, vxCz , so: 
       NNNN mmmm VXCZ   (21) 
 NmR ,  NmC  are diagonal matrixes. 

Signal  NmX  on scale N produce smooth signals and detail signals to each coarse scale 
i , there are: 

 

 (22) 

And     ITT iiT
. For (18), we can get: 

 
           NNNNNN mmmmmm WUΓXAX 1  (23) 

 

In this formula,        iNiN T
mm TATA  ,        NNiN mmm WBTW   .  
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Use nature     ITT iiT
 to change formula (22) into: 

 
                 NNNNNiiNN mmmmm

T
mm VXCVXTTCZ   (24) 

In case to dynamic filtering, we can use the formula below to get the original conditions 
of state block  NmX : 
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And 
     NiN 0000 X̂TX 

, 
       iNiN TTPTP 0000 

. 
Use the newly created system model (23) and observation model (24) for Kalman 

filtering: 
 

                              
In final, we can get      NiN mm

T
mm XTX ˆˆ  , and able to multi-scale estimate for data on 

minimal scale N. 
 
 
5. Simulations and Conclusion 

Consider the real-time requirements in filtering algorithm, so set the length of data block 
is M =4, and the maximum scale of signal decomposition is N =2, and here we take Harr 
wavelet as base wavelet because Harr Wavelet transform for a limited number of columns does 
not cause distortion effects of the boundary. 

Take real-time filtering of the x  axis positioning result that GPS outputs, original 

conditions are    00 xLx  ,    00 vxx Lv  ,   2m/s00 xa ,   m00 x ,   00P , related parameters are 
22 3

xa , 
22 40x , )2.0,12(diag 22xR , 1

xa , 50.x , and the simulation time is all 600s. 
To illustrate the superiority of the algorithm, this paper takes into account the complex 

dynamics of change acceleration movement. Initial velocity is m/s100 v , initial acceleration is 00 a

. During 100st0s  , da/dt=0.2 m/s3, and during 200st100s  , da/dt=-0.2m/s3. Figure 1 shows 
the conventional KF algorithm and filter algorithm estimates the position error, velocity error 
and acceleration error comparison chart. Obviously, the algorithm in terms relative to the original 
algorithm can significantly improve the position, velocity and acceleration parameter estimation 
accuracy. Table 1 the roots mean square error of estimation was compared can be seen from 
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Table 1. Location accuracy improved by almost double the rate of accuracy is increased by 
nearly 2-fold acceleration accuracy is improved by nearly 1 time. 

 

 
 
Figure 1. Comparison figure between this paper’s algorithm and normal Kalman filter 

 
 

Table 1. Comparison of RMS for every parameter estimation error 
Location error/m Velocity error/(m/s) Acceleration error/(m/s2) 

Multi-scale 
KF algorithm 

KF 
algorithm 

Multi-scale 
KF algorithm

KF 
algorithm

Multi-scale 
KF algorithm 

KF algorithm 

0.820 1 1.409 5 0.010 0 0.036 6 0.005 7 0.012 8 

 
 

This dynamic filtering problem for the GPS, the establishment of a multi-scale 
decomposition of random signals and optimal estimation of simultaneous multi-scale estimation 
algorithm, access to the original scale in the Kalman filter is difficult to obtain direct estimates of 
the effect, and the Haar wavelet simulation, and then verify the effectiveness of the algorithm. 
For other orthogonal wavelet, only properly handle border issues, this algorithm will also be 
applicable. 
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