DECISION TABLE TUNING USING A GENETIC ALGORITHM

Darko Grundler Faculty of Textile Technology Croatia, 10000 Zagreb, Prilaz baruna ) LOLSRYLüD� E-mail: Darko.Grundler@public.srce.hr http://public.srce.hr/~dgrund Phone: (++385)(1) 37 03 154 , Fax (++385)(1) 37 74 029

Abstract

A genetic algorithm based procedure for direct decision table adjusting is proposed to solve dynamic discrete-time optimal control problem. A decision table controller is applied to second order process and ITSE performance measure is used. Linear and nonlinear decision table elements distribution is investigated and results compared.

Introduction

Although genetic algorithms have been successfully applied to various static optimization problems [1], application of the genetic algorithm to dynamic discrete-time optimal control problems have been only initially studied [2][3][4][5]. The main direction of research was to use the genetic algorithm to tune various parameters of fuzzy controller. Most of research efforts to find robust design procedure fall into one of four main fields: selection of scaling factors, derivation of optimal membership functions, elicitation of a rule-base and on-line modification of the rule-base [6][7][8][9]. For timecritical applications fuzzy controller is replaced with the decision table controller derived from fuzzy algorithm [10]. Published results [11][12] indicate that the genetic algorithm can effectively adjust the decision table independently of fuzzy procedure and knowledge about process.

Decision table controller

A decision table controller (DTC for short) is a controller which changes its output in regular discrete time instances and whose transfer function is defined by decision table, Fig. 1.

In this research two-input single-output DTC was used:

xij f Ei DE j

= ( , ) , (1)

where x_{ij} is controller output in period from time instance t_k to t_{k+1}, E_i is discrete error in time instance t_k, DE_j is discrete change-in-error in time instance t_{k-1}, and f defined with decision table. E_k and DE_k are converted to discrete values E_i and DE_j respectively and used as inputs for decision table. There

Fig. 1 Decision table controller

are four parameters that have to be established for decision table: number of discrete error values N^E, number of discrete change-in-error values N^{DE} (i.e. resolution of error and change-in-error), function f^E; E^i=f^E(E^k) and function f^{DE}; DE^j=f^{DE}(DE^k), i.e. distribution of error and change-in-error diskrete values. Apart from finding general DTC idea applicability, the main purpose of this research was to find rules to determine these parameters. In this research N^E=2,3,5,7,21 and N^{DE}=2,3,5,7,21 were used. The decision table discrete error value is defined as:

LEi Ei LEi i NE − ≤ < = − 1 0 1 1 ; , ,...,( ) ; (2)

LEi LEi LE LE N E − < − = − ∞ − = +∞ 1 1 1 ; ; ( ) , (3)

The decision table discrete change-in-error value is defined analogous. In this research we try to find general rules to determine values for LE^i and LDE^j, i.e. f^E and f^{DE}.

In traditional fuzzy controller algorithm linear distribution was used, but we found out that nonlinear distribution gives better results. In the case of linear distribution LE^{i-1}-LE^i=const.

Experiments were conducted with distributions:

LEi E NE i n i NE = ⋅ − + − ⋅ = − max , , , ... , ( ) , 1 2 2 0 1 2 (4)

LDEj DE NDE j m j NDE = ⋅ − + − ⋅ = − max , , , ... , ( ) , 1 2 2 0 1 2 (5) where:

|E^{max}| absolute expected maximal error value,

|DE^{max}| absolute expected maximal change-in-error value, n error nonlinearity factor, n=2·r+1, r=0,1,2 ..., (for n=1 distribution is linear), m change-in-error nonlinearity factor, m=2·r+1, r=0,1,2 ..., (for m=1 distribution is linear).

In this research: E^{max}=0.3, DE^{max}=0.001, sampling interval=0.1, n=1,3 and m=1,3 were used.

0 0 1 LE E LE <

≤^{− 110} LEE

LE <

≤^{221} LEE

LE < ≤ 0 0 1 LDE DE LDE <

≤^− x00 x01 x02 1 1 0 LDE DE LDE <

≤ x10 x11 x12 2 2 1 LDE DE LDE <

≤ x20 x21 x22

Table 1: Example of decision table for N^E=3, N^{DE} =3.

Genetic algorithm parameters

This work was conducted using the SUGAL Genetic Algorithm package (v2.1), written by Dr. Andrew Hunter at the University of Sunderland, England. Following GA parameters were used:

• crossover onepoint, rate = 0.7, • datatype floating point, • elitism on, • mutation uniform (per gene, decay rate = 0.98, decay rate step = 1, rate=0.5), • normalisation direct, • population size=100, • replacement uniform (unconditional, rate = 1), • selection roulette.

Process behavior is optimized with respect to ITSE criteria (fitness) for various test patterns:

J eP t t t TMAX p VT = ⋅ ⋅ = ∑ = ∑ tanh 1 2 0 0 Δ (6)

where:

J fitness (to be maximized), e_p error (difference between reference and process output for p-test pattern), VT total number of test patterns, in this research VT=11, t time, Δt sampling interval (in this research Δt=0.1), TMAX total test pattern interval (in this research TMAX=400).

The decision table was tuned for various disturbances and various reference inputs in order to explore the whole decision table space. It is necessary because with only one reference input and one disturbance step input there are regions of decision table which never act and are not explored by algorithm. The whole decision table is coded as single chromosome: ( ) x X ij = ⋅ ⋅ max tanh SuGetNativeFloat( chrom- > string, (i N + j) _{DE} (7)

where X_{max} is maximal output level of the controller (here X_{max}=1), SuGetNativeFloat( chrom- >string, s) is SUGAL expression to extract s-th parameter from floating point chromosome (details on SUGAL parameters can be found in [13] and [14]). Tanh function is used to limit x_{ij} in the range [- X_{max},X_{max}], because SUGAL have no limiting chromosome facility. A population is a set of decision tables and the best population member is the best decision table.

Simulations

Simulations were conducted on second order process with transfer function: T s s ( ) ( ) = + 1 1 2 (8)

Tab. 1 shows results, i.e. ITSE values for various decision table parameters. The best results are achieved with n=3, m=1, i.e. nonlinear error and liner change-in-error decision table distribution. It is interesting to note that [5,5][3,1] table gives better result than [21,21][1,1] and [21,21][3,1] table. It leads to a conclusion that the decision table distribution is a critical parameter and is more important than number of table elements.

Figs. 2 and 3 show process output of DTC controlled second order process with GA tuned decision table.

Fig. 2 shows open loop process output input and DTC controlled process output with [1,1][1,1] decision table (bang-bang controller). Note that sampling interval is 0.1, so that oscillations amplitude is relatively big. It is reasonable to use DTC controller with n>1 if better result than with bang-bang controller can be achieved.

[N^E,N^{DE}]

[n,m]

[1,1]

[1,1]

[3,3]

[1,1]

[5,5]

[1,1]

[5,5]

[3,1]

[7,7]

[1,1]

[7,7]

[3,1]

[7,7]

[1,3]

[7,7]

[3,3]

[21,21]

[1,1]

[21,21]

[3,1]

ITSE 1.09 14.88 2.84 0.74 1.65 0.76 1.50 0.84 0.86 0.82

Tab. 2 ITSE values for various decision table parameters

Fig. 2 DTC controlled process response with the [1,1][1,1] decision table (bang-bang controller)

Fig. 3 shows process output with [7,7][3,1] decision table. There is no significant difference in performance between [5,5][3,1] and [7,7][3,1] decision table. Here proposed distributions f_E and f_{DE} are empirically achieved and their optimal values have yet to be investigated. Here they served the purpose to indicate the importance of decision table elements distribution.

Conclusions

The genetic algorithm based procedure for direct decision table adjusting is investigated applied to the second order process with ITSE performance measure. The parameters of decision table are investigated and the results for various parameters compared. It is found that table elements distribution is of main importance. Nonlinear table elements distribution is superior to linear one for the same number of table elements, and can even successfully replace linear tables with more elements.

References

1. Goldberg, D.E.: "Genetic Algorithms in Search Optimization & Machine Learning", Addison- Wesley, 1989, pp. 412.

2. Nordvik J.P., and J.M. Renders: "Genetic Algorithms and their Potential for Use in Process Control: a Case Study", Proc. of the Fourth International Conference on Genetic Algorithms", 1991, pp. 480-486.

3. Fleming, P.J., C.M. Fonesca: "Genetic Algorithms in Control Systems Engineering", Proc. of the IFAC 1993 World Congress, 1993, pp. 605-612.

4. Varsek, A,.T. Urbanic, B. Filipic: " Genetic algorithms in controller design and tuning ", IEEE Transactions on Systems, Man and Cybernetics, 1993, 5 (23), pp. 1330-1339.

5. Chipperfield, A and P. Fleming: "Genetic algorithms in control systems engineering", Control comput., 1995, 3 (23), pp. 88-94.

Fig. 3 DTC controlled process response with the [7,7][3,1] decision table

6. Renders, J.M., J.P. Nordvik and H. Bersini: "Genetic algorithm for process control: A survey",

Proc. of the IFAC/IFIP/IMACS Intern. Symp. on Artificial Intelligence in Real-time Control,

1992, pp. 579-584.

7. Pham, D.T. and D. Karaboga: "Optimum design of Fuzzy Logic Controllers Using Genetic

Algorithms", J. Syst. Eng., 1991, 1, pp. 114-118.

8. Thrift, P.: "Fuzzy Logic Synthesis with Genetic Algorithms", Proc. of the Fourth International

Conference on Genetic Algorithms", 1991, pp. 509-513.

9. Tan, G.V., X. Hu: " On designing fuzzy controllers using Genetic Algorithms", IEEE

International Conference on Fuzzy Systems Proceedings of the 1996 5th IEEE International

Conference on Fuzzy Systems, 1996, pp. 905-911.

10. Stipanicev, D: "Teorija i primjena neizrazitog povratnog vodjenja", in Croatian language,

Automatika, 1989, 5-6 (30), pp. 179-188.

11. Eksin, I. and Osman Kaan E.:" Design of optimum fuzzy controller using genetic algorithms",

Proceedings of the 1996 8th Mediterranean Electrotechnical Conference, MELECON, IEEE

Piscataway NJ USA, 1996, pp. 186-190.

12. Grundler, D.: "Genetickim algoritmom optimirano neizrazito viserazinsko vodjenje procesa",

Doctoral dissertation, FER Zagreb, 1997.

13. Hunter, A.: "SUGAL User Manual v2.1", http://osiris.sunderland.ac.uk/ahu/sugal/home.html,

1995.

14. Hunter, A.: "SUGAL Programming Manual v2.1", http://osiris.sunderland.ac.uk/ahu/sugal/home.html, 1995.