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Abstract

In this paper, we describe a chaos simulator as a
developing tool for applications of chaos cngi-
neering. This simulator is composed of three mod-
ules, such as generation module of chaotic signals
by deterministic rules, determination module
whether obscrved time series is chaos or not, and
nonlinear system identification module by sclf
generating Neuro Fuzzy Model.

1. Introduction

In recent years, intelligent industrial systems and
consumer clectronic products arc widely and in-
tensively developed. Fuzzy logic, ncural network,
and ncuro & fuzzy technology which integrates

these approaches arc now rcgarded as one of the
clfective methods to rcalize such intelligent fea-
tures. Furthermore, a novel paradigm as chaos cn-
gincering is now expected to be another key tech-
nology for various applications such as nonlincar
prediction of time scrics, diagnosis for complex
systems and comfortable home appliances. In this
paper, we describe the chaos simulator

[1] developed to provide a common tool for the
research on chaos engincering

[2] and devclopment of the products using chaos
theory.

2. Chaos Simulator

Fig.1 shows the structurc of chaos simulator and
this simulator consists of following three modulcs.
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Fig.1 Structure of Chaos Simulator
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2.1 Generation Module of Chaotic Sig-

nals by Deterministic Rules

This module is used for gencrating chaotic time
scrics by detcrministic rules such as intcrmittent
chaos[3], logistic map, ctc.

2.2 Determination Module whether

observed time series is chaotic or not
So far, many methods arc proposcd 1o dcter-
minc whcther observed time serics is a determinis-
tic chaos or not. We have implemented fundamen-
tal algorithms such as FFT(Fast Fouricr Trans-
form), auto correlation, Lyapunov spectrum
analysis from thc observed time scries data, and
so on. To demonstrate these functions, Ict us con-
sider following time screies as cxpressed by (1)

~ Q)

x1(t) = sin(0.5t) (1)
x2(t)= (sin(0.5t) -+ (1)) * 0.5 )
x3(t)= a*kx(t—1)*k (1.0—x(t—1)) 3)

The sinc wave xi(t) is periodic, therefore it's not
chaotic. r(t) in (2) is random noise (r(t) € [-1,1]),
and x2(t) is not chaotic. x3(t) is famous logistic
difference cquation for biological populations,
and it's chaotic.Thesc time scrics arc shown in
Fig.2, with 256 data, and frcquency spectrum in
Fig.3, wherc a=4.0 and x3(t) is normalized such
that x3(t) € [-1,1].
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Fig.3 Frequency Spectrum (x 1(t), x2(t), xa(t))

Frequency analysis
The frequency analysis of the x1(t) shows domi-

nant pcak with onc or morc harmonics(Fig.3 (a)),
and so we can find out it's not chaotic. And for
x2(t) and =x3(t) thc frcquency spectrum is
broadband(Fig.3 (b),(c)), and so we can't {ind out
whether they arc chaotic or not in this stage.

Auto correlation

The auto corrclation of chaotic time scries dras-
tically decrcascs from positive value to zero with
the increasc of lag time[4]. We calculated the auto
corrclation for x2(t) and x3(t) which can not bc
clarified as chaotic or not by FFT. The auto corre-
lation is computed by (4),

N-1-L
p = 2 x(n)x(n-+L) 4)

n=0

where N is the total number of data, L is lag time.
The auto corrclation of x2(t) and xa(t) arc shown in
Fig.4 (N=256, L=0,- ' +,99). In this casc, x2(t) isn't
chaotic, because the auto corrclation does't con-
verge 1o zero with the increase of lag time. But the
o of xa(t) is indicates that x3(t) is chaotic.

256
p
- i
‘ Lag Time 99 Lag Time 99
() x2(t) (b) x3(t)

Fig.4 Auto Corrclation (x 2(t), xa(t))
Lyapunov spectrum analysis

In order to cvaluate the orbital instability of the
obscrved time scrics, we calculated the largest
Lyapunov cxponent [5] by (5),

11 ‘Xt+-r——Xk+r‘
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where Xt is a point on the reconstructed trajectory
attime t, and Xk is a sct of point in a small ball of
radius e centered at the point Xt. After r time
step, Xt and Xk arc mapped to Xt+ r and Xk+ ¢
respectively (Fig.5).

We calculated the largest Lyapunov exponent of
x3(t) with 5,000 data and wc obtained A max is
0.693. Furthermore this simulator provides
Lyapunov spectrum analyzing method by Sano
and Sawada [6].
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Fig.5 Orbital Instability of Chaos

2.3 Nonlinear System Identification by
Self Generating Neuro Fuzzy Model

In order to identify or predict the nonlincar dy-
namical systcms such as deterministic chaos, 1t is
considered to be important that the modcl cutput
must has smoothness which cannot be obtained by
the fuzzy modcl with triangular or trapezoid
shaped membership functions which arc usually
uscd. To obtain the smoothness of the output sur-
face, generalized radial basis {unction (GRBF)
[73, or fuzzy model of class Coo whosc membcer-
ship functicns arc given by Gaussian [8] arc pro-
poscd, which arc also regarded as a laycred neural
nctwork (Fig.6). The problem is that the optinuza-
tion problem defined by the antomatic modeling
with GRBF is highly nonlincar with respect to
deeision paramecters, and global convexity is not
necessary guaranteed. To solve this problem, we
have proposed sclf gencrating and tuning algo-
rithm for GRBF [9,10] to determine the minimum
number of basis functions (fuzzy rules or hidden
units) automatically to realize the specilicd model
accuracy.

Fig.6 Ncuro Fuzzy Modcl as Multilayer
Neural Network Representation

3.Application
Now, lct us cxplain the new kerosenc fan heater
we announced in Junc '92(Fig.7), which is the first

consumer clectronic product in the world using
chaos theory.

It is so far believed that to keep the desired tem-
perature stable is good for the comfortableness.
On the contrary, studics by D.P.Wyon {11], where
subjects were cxposced to the appropriale tempera-
ture {luctuations, indicate that individuals actually
prefer temperature swings about the optimum.

Bascd on this idca, appropriate tcmperature
swing patterns arc computed by the simple cqua-
tion which produces the intermittent chaos [3].

Fig.7 Kcrosene Fan Heater using Chaos Theory
<CFH-A300 scrics>
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In this keroscne fan heater, three types of Chaotic
Fluctuations with differcnt spectrum are sclected
according to the temperature variation in the cnvi-
ronment. These kinds of Chaotic Fluctuations arc
regarded as one of the carlicst industrial applica-
tion of chaos theory.

Furthecrmore, the velocity of combustion is con-
troled by Fuzzy logic in propotion of the tcmpera-
turc and the extent of the room, and an cconomical
prcheating of the burner for quick start is realized
by Neural Network for leaming user's life style.

4.Conclusion

Wec have devcloped chaos simulator and applicd
it to develop the kerosene fan heater. We expect
this simulator to be applicd to other home appli-
ances 1o provide much more comfortablencss, an
cquipment to diagnosc mental and physical condi-
tions, a noise canccler with adaptive mechanism,
ete.

We have reviewed the fundamental technology
and applications of ncuro, fuzzy and chaos thcory
mainly concerned with consumcr clectronics.
These novel paradigms, combined with Al tech-
nology and conventional mcthodlogics, will be cf-
fective to realize the intclligent products with casy
opcration, human fricndly intcrface, personal feca-
tures which are acquired according to the particu-
lar user's prefercence, leaming or adaptive mccha-
nisms in the time varying environments. We as-
sume Soft Information Processing represented
by these paradigms, or thcories which trecat the
Nonlinecar Systems as they are, will be one of
promising approaches to realize such ideal prod-
ucts and systems.
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