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A Simulation of Chaotic Phenomena in Lorenz Model
Using Digital Expression for Nonlinear Control Systems

By Masaru TAKAHASHI and Masasuke SHIMA
Department of Precision Engineering, Faculty of Engineering, Hokkaido University
( Received November 25, 1986)

Using the discretized expression of nonlinear control systems developed recently by one of the
authors, we studied the chaotic behaviour and the strange attractor of the Lorenz model, which may
be of importance in the nonlinear digital control systems.

Qur approximate expression of O {Az*) with the computation time step Az reproduced satisfacto-
rily the chaos and the strange attractor found in the papers by Lorenz (1963) and Lanford (1977). It
is observed that the simulated results depend on input values, initial conditions and Az very sensi-
tively, which not only requires the careful selection of computational schemes and the precision of
data, but also reflects the complicated nature of the dynamics of the Lorenz model.

Though our approximate digital expression was useful in this study, there remains many prob-
lems to be solved for its applications to real systems.
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II. Lorenz model
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Fig. 1. The numerical result of Y from time 0 to 30 for the initial values (0, 1, 0) and the input value 2

with time step 0.001
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Fig. 2. The numerical resuit of Y from time 0 to 30 for the initial values (0, 1, 0) and the input value 2:

with time step 0.0001
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Fig. 3. The numerical result of Y from time 0 to 30 for the initial values (0, 1, 0} and the input value 2

with time step 0.01

Fig. 4. The strange attractor of X—Y from time  Fig. 5. The strange attractor of Y—Z from tin

20 to 30 for the initial values (0, 1, 0) and the 20 to 30 for the initial values (0, 1, 0) and t!
input value 28 with time sep 0.001 input value 28 with time step 0.001
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Fig. 6. The strange attractor of Y—Z from time
20 to 100 for the initial values (0, 1, 0) and the
input value 28 with time step 0.001
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Fig. 7. The numerical result of Y for the input value 24 and the initial values (0, 1, 0) from time 0 to 30
with time step 0.001
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Fig. 8. The numerical result of Y for the input value 25 and the initial values (0, 1, 0) from time 0 to 30
with time step 0.001
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Fig. 9. The numerical result of Y for the initial values (0, 0.000001, 0) and the input value 28 from time
0 to 30 with time step 0.001

Fig. 10. The numerical result of Y for the initial values (6,2, 6/ 2, 27) and the input value 28 from time
0 to 30 with time step 0.001
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Fig. 11. The numerical result of Y for the initial values (9, 9, 27) and the input value 28 from time 0 to 30
with time step 0.001
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