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ABSTRACT

The paper searches for the parameter optimization of a new fourth-order target tracker
a-B-y-0 filter for numerical simulation as the current third-order o-B-y filter system tracks
only the position and the velocity of a target, rather than the acceleration. Although the
new fourth-order a-f-y-0 filter shows a significantly improved tracking accuracy over the
conventional a-B-y filter, more computation time is required in the optimization process.
The developed GA-based a-B-y-0 filter not only could find the optimal set of filter
parameters to minimize position tracking errors, but could also reduce the computation
time (Wu et al., 2009). Moreover, Taguchi method is applied to finding the optimal set of
GA parameters for better tracking accuracy. Meanwhile, for more practical applications,
the simulated trajectory, such as sin wave, illustrates the filter efficiency in this study.
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1. INTRODUCTION

Lin and Chang (2004) stated Target tracking has been studied and applied with many
mathematical models in much research. It is regarded as an important tool in military and
civilian fields to track fast-moving objects, such as airplanes, missiles, submarines, and
air-traffic handlings. The dynamic model and the discrete-time data are used to describe
and predict the kinematics of a dynamic object. Since the mid 1950’s, the a-p filter
system, a sampled data target tracking algorithms described by Sklansky (Sklansky,
2004), achieved a mathematic optimization process in radar systems. The relatively
simple a-p and a-B-y filter trackers (Jing et al., 2004; Ogata, 1987) were explored to deal
with this problem that numerous optimal target-tracking algorithms were developed
(Benedict and Bordner, 1962; Kalata, 1992) Recently, Tenne and Singh presented the
optimal design of the third-order a-B-y filter (Tenne and Singh, 2002); Neal and Benedict
(Neal and Benedict, 1967) discussed an optimization relation of a-B-y filter. In order to
predict the acceleration and to improve the tracking accuracy, an additional state variable
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called jerk (a time derivative of acceleration) is used in this study. Nevertheless, since the
new o-fB-y-0 filter would take more computation time in the optimization process, a
practical technique of adding jerk in the new a-B-y-0 filter for optimal simulation via GA
is recommended to reduce the computation time. In recent years, several parameter
estimation techniques were applied to discussing a-f-y filters (Lin and Chang, 2004;
Lu and Tzeng, 2000). As a numerical optimization method, the artificial intelligence-
based GA is successively explored to offer an efficient optimization for finding the
optimal parameters (i.e., o, B, v and 8) as the final output values. The developed
GA-based a-B-y-0 filter not only shows the optimization of filter parameters to minimize
position tracking errors, but could also reduce the computation time (Wu et al., 2009).
Meanwhile, as the applicability of GA has been widely developed (Jung, Lee and Lee,
1998; Wang, 1997; Ma et al., 1996), Taguchi method is applied to finding the optimal set
of GA parameters for better tracking accuracy in this paper.

2. MATHEMATICAL EQUATIONS

Based on Tenne and Singh (2002), Kalata (1981), and Wu et al. (2009), the following
matrix equations are utilized for the object’s position and velocity of the modeling target
tracking.

2.1 The third-order o-f-y filter target tracker:

Pr(k+1)=TF (k) (1)

Pr=lp; by ﬁf]T»PSZ[Ps by BJ @)
1.5

cofvr T G
01 T

where T stands for time step or time increment, p for position, p for velocity, and p for

acceleration; subscript f and s denote the predicted and smoothed state values,
respectively.

P,(K) = S() + K (3, (k) ~ HP; (k) )
in which
P=[p. b BT P=[p, b, B,] 5)
Sk =[p, &) ppK) B, (©)
T
K:{a g %Tz} (7
v (k)y=HP(k)+V (k) H=[l 0 0 0] ®)

where subscript e denotes the exact value.
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With Z-Transform and equations (1) to (8), the ratio (p¢/p.) is solved, and the transfer
function in the z-domain is given by

o+ —2(x—B+ly z+ a+B+ly z?
Pr 4 4
Gz)=—= )
P 3 1 2 1
¢ Z +[oc+[3+4y—3jZ +[—2a—[3+4y+3jz+a—l

In the a-B-y filter, the constraints of a, B, and y parameters are yielded by Jury’s
stability test (Ogata, 1987) as shown below.

O<a<?2 (10)

0<B<4-20 (11)

0<y<t9b (12)
2—a

2.2 The fourth-order o-B-y-6 filter target tracker:
As shown in item 2.1, for improving the tracking accuracy, the equations of the
fourth-order a-f-y-9 filter target tracker are given by

Py (k+1)=TP, (k) (13)
in which

r=(o 1 r -=r1° (15)

P, (k) = S(k)+ K (y, (k) — HP; (k) (16)
where
P=[p, b, B, B] (17)
Sk =[p, k) b,k Bk BG-D] (18)
T
K:{oc B Ap §T3} , (19)
T 2 6

(k)= HP(k)+V (k) ,H=[l 0 0 0] (20)
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In the same way, the transfer function in the z-domain is given by

Y I} 3 ) 2 1 5]
o+B+—+—|Z° +| Ba-2B+—|Z" +|30+B——y+— |Z-a
R G Wit il e

=" = 5 5 366
Pe Z4+[a+B+1+——4JZ3+[—3a—2ﬁ+—+6}22+(3a+B—1+——4jZ+(l—oc)
4 36 9 4 36
(22)
The a, B, vy, and & parameters appear as follows
O<a<?2 (23)
13
O<B<Z(4—2a) (24)
0<y<oB (25)
2—-a
0<8<242-a) (26)

3. GENETIC ALGORITHM

As for Evolutionary Programming and Evolutionary Strategies, GA is one of the
Evolution Algorithms, which can be traced back to the early 1950s and formally
introduced in 1970s by John Holland at university of Michigan, United States. He utilized
the principles of biological evolution in the nature-natural selection and the survival of
the fittest for finding the best solutions in the optimization process (Wu et al., 2010). The
ideals of GA are derived from the principles of “natural selection “and “survival of the
fittest” in the world of nature, imitating competitions among creatures which show the
survivors as being able to propagate their next generations. Then, it is applied to the
optimal design which randomly generates abundant compositions that more optimal
results are kept in the operations (Wu et al., 2010). Thus, after an iterative process of
selections, the most optimal result can eventually be generated in the operations. Jing
et al., (2004) presented Genetic algorithms imitate the way creatures going through the
procedures of inheritances. In GA, there are three main operators, namely reproduction,
crossover, and mutation.

4. TAGUCHI METHOD

Taguchi method is a statistical process perturbing a parameter for studying the effects
on the whole output and has been widely used in engineering analyses to optimize the
performance characteristics through the setting of design parameters (Erzurumlu and
Ozcelik, 2006). When performing Taguchi method analyses, the S/N ratio for each
experimental run is computed and recorded that the S/N ratio is an indication of
significance. The design objective function is the-small-the-better in this study that the
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S/N ratio with the-small-the-better characteristic is selected and expressed as follows
(Wu et al., 2010).

n; :—1010g(%zn:y§J 7)
ja

where y;; is thei th experiment at the j th test, nis the total number of the tests, and s is

the standard deviation.

This paper intends to find the optimal parameter combination of GA parameters,
namely Population, Generation, Crossover, and Mutation, via Taguchi method, and to use
them as the optimization of tracking accuracy. Wu et al. (2010) presented each parameter
presents three levels, table 1. The Ly orthogonal array is chosen for the approach. Finally,
the tracking accuracy is compared for each type of error with and without Taguchi
method.

5. NUMERICAL SIMULATION EXAMPLE

Lee et al. (2009) presented a searching method for the parameter optimization of a
third-order a-B-y filter. As extended, it is desirable to compare the position tracking errors
of GA-0-B-y filter with GA-0-B-y-6 filter via a numerical simulation process as well
as to know the difference between GA-based a-B-y-o filter tracker with and without
Taguchi method in this paper. Consider, for example, a case of the signal in sin wave
Y =sin (t) + sin (3t) + sin (5t).

Wu et al. (2010) said that simulation of the object’s position is performed with each
of the two trackers, and the associated errors are determined. The limits of a, , y and &
are determined by the constraints given by equations (10)-(12) for the three-order o-p-y
filter and by equations (23)-(26) for the fourth-order a-f-y-6 filter. In the numerical
simulation process, the increment for each simulated parameter value is set 0.1.

In the numerical simulation, with ty,, =0 and t,,, =10, the error in each filter is
calculated in different time steps (i.e. T = 0.2, 0.1, 0.05, 0.025). Figures 1, 2, 3, and 4
show a position tracking plot at T = 0.2 and 0.05 with GA-based o-f-y and GA-based a-
B-y-6, showing the acceleration changes with time and the change of the state variable,
jerk. It is noted that the simulation error in acceleration is related to the second order
derivative with respect to time (Wu et al., 2010).
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Fig. 1: A Tracking Plot at T=0.2 (L2 and Lm) with the
GA-based a-p-y filter (-: de -: Lm, -: L2)
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Fig. 2: A Tracking Plot at T=0.05 (L2 and Lm) with the
GA-based a-p-v filter (-:de, -: Lm, -: L2)
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Fig. 3: A Tracking Plot at T=0.2 (L2 and Lm) with the
GA-based o-p-y-90 filter (-:de, -: Lm, -: L2)
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Fig. 4: A Tracking Plot at T=0.05 (L2 and Lm) with the
GA-based a-p-y-96 filter (-:de, -: Lm, -: L2)
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Tables 2 and 3 summarize the tracking errors on L, and L, from two filters,

respectively. As shown, the GA-a-B-y-9 filter outperforms the GA-a-B-y filter at every
time step. Clearly, a fourth-order target tracker of a-p-y-6 filter presents a significantly
better tracking accuracy than the a-B-y filter does. Table 4 and 5 summarize the tracking
errors on L, and L, w/o Taguchi method in GA-based o-B-y-6 filter tracker,
respectively. The data indicates that the GA-based a-f-y-0 filter tracker with Taguchi
method outperforms the GA-based a-B-y-0 filter tracker without Taguchi method for
every given time step. Therefore, it shows that the two heuristic methods can be

The optimization of parameters for target tracking filter...

combined to improve the tracking accuracy.

Table 1:
The three levels of GA parameters
Parameters | Level 1 | Level2 | Level 3
Population 50 150 200
Generation 25 35 50
Crossover 0.6 0.7 0.8
Mutation 0.1 0.2 0.3
Table 2:
Tracking Error Comparisons on L, among Two Filters
Time GA-based-a-B-y filter GA-based-a-B-y-0 filter Improvement
Step (1) @) [(D)-@Y(1D)%
_ 0=0.5,$=2.6,y=0.1 0=0.5,$=3.0,y=0.8,6=0.8 o
=02 L,~0.0600 1,-0.0561 6.5%
_ o=1.2,p=1.2,y=4.1 a=0.3,$=3.0,y=1.9,6=10.9 o
ol L,-0.0078 L,-0.0068 12.82%
_ o=1.1,=1.1,y=1.6 a=0.2,$=3.0,y=1.0,6=12.4 o
17005 L,-0.0025 L,-0.0019 24.00%
_ o=1.1,=1.0,y=0.8 a=0.2,$=2.9,y=1.0,6=13.0 o
120025 | 1 ~623486-004 L,—4.1660e-004 33.18%
Table 3:
Tracking Error Comparisons on L, among Two Filters
Time GA-based-a-p-y filter GA-based-a-3-y-0 filter Improvement
Step (1) @) [(D)-@)Y(1D)%
_ 0=0.4,p=2.1,y=0.1 0=0.3,$=3.0,y=1.1,6=1.1 o
=02 Lpe—1.0436 L =0.8898 14.73%
_ 0=0.6,p=1.4,y=0.1 0=0.5,$=3.0,y=2.7,6=9.4 o
ol Ly, 03136 Ly =0.2425 22.67%
_ 0=0.1,$=2.3,y=0.1 a=0.5,p=3.0,y=2.1,6=10.7 o
T=0.05 L, =0.2956 L 0.1912 33:31%
_ 0=0.1,p=1.4,y=0.1 a=0.2,$=3.0,y=1.0,6=13.1 o
10025 Lax =0.1805 Lax =0.0960 46.81%
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Tracking Error Comparisons of L, on GA-based a-B-y-0 filter w/o Taguchi method

Time GA a-B-y-0 filter without GA a-B-y-0 filter with improvement
step Taguchi method (1) Taguchi method (2) (DH-2)H/(1)%
_ a=0.5,$=3.0,y=0.8,6=0.8 | 0=0.85,$=2.57,y=1.94,6=0.50 0
=02 L,=0.0561 1,=0.0528 >-88%
_ 0=0.3,$=3.0,y=1.9,6=10.9 | 0=0.59,p=2.58,y=1.71,6=0.42 0
=01 L,=0.0068 L,=0.0062 8.82%
_ 0=0.2,$=3.0,y=1.0,6=12.4 | 0=1.06,p=1.97,y=3.98,6=3.67 0
T=0.05 L,=0.0019 L,=0.00177 6.84%
_ 0=0.2,=2.9,y=1.0,0=13.0 | 0=1.37,p=1.77,y=4.87,6=5.23 0
T=0.025 L,=4.16606e-004 L,=3.86770e-004 7.16%
Table 5:
Tracking Error Comparisons of L,,, on GA-based o-f-y-0 filter w/o Taguchi method
Time GA a--y-0 filter without GA a-B-y-6 filter with Improvement
step Taguchi method (1) Taguchi method (2) (D)-2/(1)%
_ a=0.3,=3.0,y=1.1,6=1.1 | 0=0.98,$=2.53,y=0.82,6=2.86 0
=02 L. —0.8898 L, —0.8218 7.64%
_ a=0.5,$=3.0,y=2.7,6=9.4 | 0=0.35,$=3.70,y=2.98,6=4.68 0
=ol L —0.2425 L 0.2266 6.56%
_ 0=0.5,$=3.0,y=2.1,6=10.7 | 0=0.65,p=2.79,y=1.67,6=4.98 0
=005 L, =0.1912 L, =0.1807 549%
_ 0=0.2,$=3.0,y=1.0,6=13.1 | 0=0.71,p=2.18,y=0.86,6=2.69 0
1=0025 L e ~0.0960 L —0.0895 6.77%

7. CONCLUSION

The new fourth-order GA-based a-p-y-d filter is studied and compared with the GA-
based third-order a-B-y filter for tracking accuracy. The results clearly show the
improvement in tracking accuracy of the former exhibits a significant, indicating that the
fourth-order a-B-y-o filter is a highly accurate tracker especially when the moving target
exhibits a large variation in its speed (acceleration), because it could predict the target
trajectory in a pure data-driven system. The other result shows that GA and Taguchi
method can be combined to improve the tracking accuracy; and, the searched methods
could be applied to various fields.

REFERENCES

1. Benedict, T.R. and Bordner, G.W. (1962). Synthesis of an optimal set of radar track-
while-scan smoothing equations, In IRE Trans. on Automat. Control. 7, 27-32.

2. Erzurumlu, T. and Ozcelik, B. (2006). Minimization of warpage and sink index in
injection-molded thermoplastic parts using Taguchi optimization method. Materials
& Design, 27, 853-861.

3. Jing, X.P., Hou, M.S. and Qi, R.F. (2004). Adaptive Fuzzy a-B-y Filter and Its
Application. Journal of Projectiles, Rockets, Missiles and Guidance, 24 504-506.



176 The optimization of parameters for target tracking filter...

4. Jung, JH., Lee, CH. and Lee, I.B. (1998). Short note a genetic algorithm for
scheduling of multi-product batch processes. Computers Chem. Engng, N11, 22,
1725-1730.

5. Kalata, P.R. (1981). The tracking index: A generalized parameter for o-f and a-p-y
target trackers, /[EEE Trans. on Aerosp. and Electron. Syst. AES-17, 781-785.

6. Kalata, P.R. (1992), o-p target tracking systems: A survey. In American Control
Conference/WM12, ECE Department, Drexel University Philadelphia, Pennsylvania.

7. Lee, T.E., Su, J.P. and Yu, K.W. (2009). Parameter Optimization for a Third-Order
Sampled-Data Tracker, IEEE Xplore,

8. Lin, C.C. and Chang, W.D. (2004). Application of Adjustable Mutation GA to Digital
Filters Design, 2004 Conference on electronic Communication and Applications, B1,
1-4.

9. Lu, H.C. and Tzeng, S.T. (2000), Design of Arbitary FIR Log Filters by Genetic
Algorithm Approach. Signal Processing, 80(3), 497-505.

10.Ma, Q., Cowan and Colin F.N. (1996). Genetic algorithms applied to the adaptation
of II R filters. Signal Processing, 48, 155-163.

11.Neal, S.R. and Benedict, T.R. (1967), Discussion on Parametric Relations for the
a-B-y Filter Predictor, I[EEE Trans. Auto. 12,315-317.

12. Ogata, K. (1987). Discrete-Time Control System, Prentice-Hall Inc., Engelwood
Cliffs, NJ.

13. Phadke, M.S. (1989). Quality Engineering Using Robust Design, Prentice-Hall Inc.,
108-111.

14. Ross, P.J. (1996). Taguchi Technique for Quality Engineering, 2" edition, New York,
USA, McGraw-Hill Inc.

15. Sklansky, J. (2004). Optimizing the dynamic parameter of a track-while-scan system.
RCA Laboratories, Princton, N.J. 1957.

16. Tenne, D. and Singh, T. (2002). Characterizing Performance of a-B-y Filters. /EEE
Trans. on Aerosp. Electron. Syst., 38, 1072-1087.

17. Wang, Q.J. (1997). Using genetic algorithms to optimize model parameters,
Environmental Modeling & Software, N1, 12 27-34.

18. Wu, C.M., Chang C.K. and Chu T.T. (2009), An Optimal Design of Target Tracker
by o-B-y-0 Filter with Genetic Algorithm, Journal of the Chinese Society of
Mechanical Engineers, 30,467-474.

19. Wu, C. M., Lin, Paul P., Han, Z.Y. and Li, S.R. (2010), Simulation-based Optimal
Design of a-B-y-6 Filter International Journal of Automation and Computing, 7(2),
247-253.




174

The optimization of parameters for target tracking filter…

173

Wu, Chang, and Chu



Pak. J. Statist.


2012 Vol. 28(1), 167-176

THE OPTIMIZATION OF PARAMETERS FOR TARGET TRACKING 
FILTER BY GENETIC ALGORITHM AND TAGUCHI METHOD


Chun-Mu Wu1, Ching-Kao Chang2 and Tung-Te Chu2,1


1 
Department of Mechanical Engineering and Automation Engineering, 
Kao Yuan University, Taiwan, ROC. Email: ttca@seed.net.tw

No. 1821, Jhongshan Rd., Lujhu Township, Kaohsiung County, 
821, Taiwan, ROC

2
Institute of Engineering Science and Technology, National Kaohsiung 
First University of Science and Technology, No. 2, Juoyue Rd., 
Nantz District, Kaohsiung, 811, Taiwan, ROC

ABSTRACT



The paper searches for the parameter optimization of a new fourth-order target tracker α-β-γ-δ filter for numerical simulation as the current third-order α-β-γ filter system tracks only the position and the velocity of a target, rather than the acceleration. Although the new fourth-order α-β-γ-δ filter shows a significantly improved tracking accuracy over the conventional α-β-γ filter, more computation time is required in the optimization process. The developed GA-based α-β-γ-δ filter not only could find the optimal set of filter parameters to minimize position tracking errors, but could also reduce the computation time (Wu et al., 2009). Moreover, Taguchi method is applied to finding the optimal set of GA parameters for better tracking accuracy. Meanwhile, for more practical applications, the simulated trajectory, such as sin wave, illustrates the filter efficiency in this study. 
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1. INTRODUCTION



Lin and Chang (2004) stated Target tracking has been studied and applied with many mathematical models in much research. It is regarded as an important tool in military and civilian fields to track fast-moving objects, such as airplanes, missiles, submarines, and air-traffic handlings. The dynamic model and the discrete-time data are used to describe and predict the kinematics of a dynamic object. Since the mid 1950’s, the α-β filter system, a sampled data target tracking algorithms described by Sklansky (Sklansky, 2004), achieved a mathematic optimization process in radar systems. The relatively simple α-β and α-β-γ filter trackers (Jing et al., 2004; Ogata, 1987) were explored to deal with this problem that numerous optimal target-tracking algorithms were developed (Benedict and Bordner, 1962; Kalata, 1992) Recently, Tenne and Singh presented the optimal design of the third-order α-β-γ filter (Tenne and Singh, 2002); Neal and Benedict (Neal and Benedict, 1967) discussed an optimization relation of α-β-γ filter. In order to predict the acceleration and to improve the tracking accuracy, an additional state variable called jerk (a time derivative of acceleration) is used in this study. Nevertheless, since the new α-β-γ-δ filter would take more computation time in the optimization process, a practical technique of adding jerk in the new α-β-γ-δ filter for optimal simulation via GA is recommended to reduce the computation time. In recent years, several parameter estimation techniques were applied to discussing α-β-γ filters (Lin and Chang, 2004; 
Lu and Tzeng, 2000). As a numerical optimization method, the artificial intelligence-based GA is successively explored to offer an efficient optimization for finding the optimal parameters (i.e., α, β, γ and δ) as the final output values. The developed 
GA-based α-β-γ-δ filter not only shows the optimization of filter parameters to minimize position tracking errors, but could also reduce the computation time (Wu et al., 2009). Meanwhile, as the applicability of GA has been widely developed (Jung, Lee and Lee, 1998; Wang, 1997; Ma et al., 1996), Taguchi method is applied to finding the optimal set of GA parameters for better tracking accuracy in this paper. 

2. MATHEMATICAL EQUATIONS



Based on Tenne and Singh (2002), Kalata (1981), and Wu et al. (2009), the following matrix equations are utilized for the object’s position and velocity of the modeling target tracking.

2.1 The third-order α-β-γ filter target tracker:
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where T stands for time step or time increment, p for position, 
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 for acceleration; subscript f and s denote the predicted and smoothed state values, respectively.
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where subscript e denotes the exact value. 



With Z-Transform and equations (1) to (8), the ratio (pf/pe) is solved, and the transfer function in the z-domain is given by
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In the α-β-γ filter, the constraints of α, β, and γ parameters are yielded by Jury’s stability test (Ogata, 1987) as shown below. 
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2.2 The fourth-order α-β-γ-δ filter target tracker:



As shown in item 2.1, for improving the tracking accuracy, the equations of the fourth-order α-β-γ-δ filter target tracker are given by
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where
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In the same way, the transfer function in the z-domain is given by
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The α, β, γ, and δ parameters appear as follows
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3. GENETIC ALGORITHM



As for Evolutionary Programming and Evolutionary Strategies, GA is one of the Evolution Algorithms, which can be traced back to the early 1950s and formally introduced in 1970s by John Holland at university of Michigan, United States. He utilized the principles of biological evolution in the nature-natural selection and the survival of the fittest for finding the best solutions in the optimization process (Wu et al., 2010). The ideals of GA are derived from the principles of “natural selection “and “survival of the fittest” in the world of nature, imitating competitions among creatures which show the survivors as being able to propagate their next generations. Then, it is applied to the optimal design which randomly generates abundant compositions that more optimal results are kept in the operations (Wu et al., 2010). Thus, after an iterative process of selections, the most optimal result can eventually be generated in the operations. Jing 
et al., (2004) presented Genetic algorithms imitate the way creatures going through the procedures of inheritances. In GA, there are three main operators, namely reproduction, crossover, and mutation.

4. TAGUCHI METHOD



Taguchi method is a statistical process perturbing a parameter for studying the effects on the whole output and has been widely used in engineering analyses to optimize the performance characteristics through the setting of design parameters (Erzurumlu and Ozcelik, 2006). When performing Taguchi method analyses, the S/N ratio for each experimental run is computed and recorded that the S/N ratio is an indication of significance. The design objective function is the-small-the-better in this study that the S/N ratio with the-small-the-better characteristic is selected and expressed as follows (Wu et al., 2010).
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where
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is the standard deviation.


This paper intends to find the optimal parameter combination of GA parameters, namely Population, Generation, Crossover, and Mutation, via Taguchi method, and to use them as the optimization of tracking accuracy. Wu et al. (2010) presented each parameter presents three levels, table 1. The L9 orthogonal array is chosen for the approach. Finally, the tracking accuracy is compared for each type of error with and without Taguchi method. 

5. NUMERICAL SIMULATION EXAMPLE



Lee et al. (2009) presented a searching method for the parameter optimization of a third-order α-β-γ filter. As extended, it is desirable to compare the position tracking errors of GA-α-β-γ filter with GA-α-β-γ-δ filter via a numerical simulation process as well 
as to know the difference between GA-based α-β-γ-δ filter tracker with and without Taguchi method in this paper. Consider, for example, a case of the signal in sin wave 
Y = sin (t) + sin (3t) + sin (5t).



Wu et al. (2010) said that simulation of the object’s position is performed with each of the two trackers, and the associated errors are determined. The limits of α, β, γ and δ are determined by the constraints given by equations (10)-(12) for the three-order α-β-γ filter and by equations (23)-(26) for the fourth-order α-β-γ-δ filter. In the numerical simulation process, the increment for each simulated parameter value is set 0.1. 


In the numerical simulation, with tstart =0 and tmax =10, the error in each filter is calculated in different time steps (i.e. T = 0.2, 0.1, 0.05, 0.025). Figures 1, 2, 3, and 4 show a position tracking plot at T = 0.2 and 0.05 with GA-based α-β-γ and GA-based α-β-γ-δ, showing the acceleration changes with time and the change of the state variable, jerk. It is noted that the simulation error in acceleration is related to the second order derivative with respect to time (Wu et al., 2010).
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Fig. 1:
A Tracking Plot at T=0.2 (L2 and Lm) with the 
GA-based α-β-γ filter (-: de, -: Lm, -: L2)
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Fig. 2:
A Tracking Plot at T=0.05 (L2 and Lm) with the 
GA-based α-β-γ filter (-:de, -: Lm, -: L2)
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Fig. 3:
A Tracking Plot at T=0.2 (L2 and Lm) with the 
GA-based α-β-γ-δ filter (-:de, -: Lm, -: L2)
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Fig. 4:
A Tracking Plot at T=0.05 (L2 and Lm) with the 
GA-based α-β-γ-δ filter (-:de, -: Lm, -: L2)


Tables 2 and 3 summarize the tracking errors on
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from two filters, respectively. As shown, the GA-α-β-γ-δ filter outperforms the GA-α-β-γ filter at every time step. Clearly, a fourth-order target tracker of α-β-γ-δ filter presents a significantly better tracking accuracy than the α-β-γ filter does. Table 4 and 5 summarize the tracking errors on L2 and Lmax w/o Taguchi method in GA-based α-β-γ-δ filter tracker, respectively. The data indicates that the GA-based α-β-γ-δ filter tracker with Taguchi method outperforms the GA-based α-β-γ-δ filter tracker without Taguchi method for every given time step. Therefore, it shows that the two heuristic methods can be combined to improve the tracking accuracy.

Table 1:

The three levels of GA parameters

		Parameters

		Level 1

		Level 2

		Level 3



		Population

		50

		150

		200



		Generation

		25

		35

		50



		Crossover

		0.6

		0.7

		0.8



		Mutation

		0.1

		0.2

		0.3





Table 2:

Tracking Error Comparisons on L2 among Two Filters


		Time

Step

		GA-based-α-β-γ filter


(1)

		GA-based-α-β-γ-δ filter


(2)

		Improvement 

[(1)-(2)]/(1)%



		T=0.2

		α=0.5,β=2.6,γ=0.1


L2=0.0600

		α=0.5,β=3.0,γ=0.8,δ=0.8


L2=0.0561

		6.5%



		T=0.1

		α=1.2,β=1.2,γ=4.1


L2=0.0078

		α=0.3,β=3.0,γ=1.9,δ=10.9


L2=0.0068

		12.82%



		T=0.05

		α=1.1,β=1.1,γ=1.6


L2=0.0025

		α=0.2,β=3.0,γ=1.0,δ=12.4


L2=0.0019

		24.00%



		T=0.025

		α=1.1,β=1.0,γ=0.8


L2=6.2348e-004

		α=0.2,β=2.9,γ=1.0,δ=13.0


L2=4.1660e-004

		33.18%





Table 3:

Tracking Error Comparisons on Lmax among Two Filters

		Time

Step

		GA-based-α-β-γ filter


(1)

		GA-based-α-β-γ-δ filter


(2)

		Improvement

[(1)-(2)]/(1)%



		T=0.2

		α=0.4,β=2.1,γ=0.1


Lmax=1.0436

		α=0.3,β=3.0,γ=1.1,δ=1.1


Lmax =0.8898

		14.73%



		T=0.1

		α=0.6,β=1.4,γ=0.1


Lmax =0.3136

		α=0.5,β=3.0,γ=2.7,δ=9.4


Lmax =0.2425

		22.67%



		T=0.05

		α=0.1,β=2.3,γ=0.1


Lmax =0.2956

		α=0.5,β=3.0,γ=2.1,δ=10.7


Lmax =0.1912

		35.31%



		T=0.025

		α=0.1,β=1.4,γ=0.1


Lmax =0.1805

		α=0.2,β=3.0,γ=1.0,δ=13.1


Lmax =0.0960

		46.81%





Table 4:

Tracking Error Comparisons of L2 on GA-based α-β-γ-δ filter w/o Taguchi method

		Time

step

		GA α-β-γ-δ filter without 

Taguchi method (1)

		GA α-β-γ-δ filter with 

Taguchi method (2)

		improvement


((1)-(2))/(1)%



		T= 0.2

		α=0.5,β=3.0,γ=0.8,δ=0.8


L2=0.0561

		α=0.85,β=2.57,γ=1.94,δ=0.50


L2=0.0528

		5.88%



		T= 0.1

		α=0.3,β=3.0,γ=1.9,δ=10.9


L2=0.0068

		α=0.59,β=2.58,γ=1.71,δ=0.42


L2=0.0062

		8.82%



		T= 0.05

		α=0.2,β=3.0,γ=1.0,δ=12.4


L2=0.0019

		α=1.06,β=1.97,γ=3.98,δ=3.67


L2=0.00177

		6.84%



		T= 0.025

		α=0.2,β=2.9,γ=1.0,δ=13.0


L2=4.16606e-004

		α=1.37,β=1.77,γ=4.87,δ=5.23


L2=3.86770e-004

		7.16%





Table 5:

Tracking Error Comparisons of Lmax on GA-based α-β-γ-δ filter w/o Taguchi method


		Time

step

		GA α-β-γ-δ filter without 

Taguchi method (1)

		GA α-β-γ-δ filter with 

Taguchi method (2)

		Improvement

((1)-(2))/(1)%



		T= 0.2

		α=0.3,β=3.0,γ=1.1,δ=1.1


Lmax =0.8898

		α=0.98,β=2.53,γ=0.82,δ=2.86


Lmax =0.8218

		7.64%



		T= 0.1

		α=0.5,β=3.0,γ=2.7,δ=9.4


Lmax =0.2425

		α=0.35,β=3.70,γ=2.98,δ=4.68


Lmax =0.2266

		6.56%



		T= 0.05

		α=0.5,β=3.0,γ=2.1,δ=10.7


Lmax =0.1912

		α=0.65,β=2.79,γ=1.67,δ=4.98


Lmax =0.1807

		5.49%



		T= 0.025

		α=0.2,β=3.0,γ=1.0,δ=13.1


Lmax =0.0960

		α=0.71,β=2.18,γ=0.86,δ=2.69


Lmax =0.0895

		6.77%





7. Conclusion



The new fourth-order GA-based α-β-γ-δ filter is studied and compared with the GA-based third-order α-β-γ filter for tracking accuracy. The results clearly show the improvement in tracking accuracy of the former exhibits a significant, indicating that the fourth-order α-β-γ-δ filter is a highly accurate tracker especially when the moving target exhibits a large variation in its speed (acceleration), because it could predict the target trajectory in a pure data-driven system. The other result shows that GA and Taguchi method can be combined to improve the tracking accuracy; and, the searched methods could be applied to various fields.
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