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Izvlecek: Kaoticno vedenje elektronskih vezij je mogoce analizirati tudi s pomocjo simulatorjev analognih vezij. Zacetek kaoticnega rezima delovanja vezja 
lahko ocenimo s pomocjo univerzalne Feigenbaumove konstante in bifurkacijskih tock, ki jih odcitamo iz bifurkacijskega diagrama. 

V prispevku je predstavljen model detektorja kaoticnosti, ki omogoca direktno tvorjenje bifurkacijskega diagrama s samim simulatorjem SPICE /6/. Brez 
tega bi sicer potrebovali dodatni program, ki bi omogocal avtomatsko izvajanje simulacij vezja pri razlicnih vrednostih bifurkacijskega parametra ter shran­
jevanje ekstremnih vrednosti signalov. 

The Model of Chaoticness Detector 

Key words: chaotic circuits, bifurcation diagram, modelling, circuit simulators. 

Abstract: Almost all circuits under specific circumstances (choice of parameters, initial conditions, input signals etc.) can become chaotic /1/. Chaotic 
circuits can be used in the cryptography or as a test that shows simulator's non-repeatability /8/. In general, chaotic behaviour of the electronic circuits 
is not tolerated. Simulation experiments allow us to determine chaotic responses for various sets of parameters, calculation of Lyapunov exponents, 
entropy, construction of Poincare planes, construction of bifurcation diagrams etc. 

The determination of the chaotic regions requires two steps. First one is the manual construction of a bifurcation diagram which is a tedious work. While 
carefully changing the bifurcation parameter and running the simulation we must find peak values in the seleGled output signal. The bifurcation points are 
values of the bifurcation parameter where a qualitative change in circuit dynamics is noticed. In the bifurcation diagram we can observe bifurcation 
sequences or period-doublings that construct a tree (Fig. 1). If a period-doubling bifurcation from period-1 to period-2 occurs at a bifurcation parameter 
value 81 and from period-2 to period-4 at a parameter value 82, then we can make a prediction of the parameter value 8= where chaos should appear (eq. 
(1 )). However, we can not expect that this prediction is totally accurate. Firstly, because it is based on numbers 8 1 and 82 determined by the simulation and 
secondly, we have assumed that all measured bifurcation ratios are described by the Feigenbaum's constant. Nevertheless, after the bifurcation diagram 
is constructed it is easy to calculate the parameter value 8= which is a reasonable estimation of the region where chaos begins. This simple calculation is 
the second step toward the determination of the chaotic region. 

Our goal was to simplify the construction of the bifurcation diagram by using the circuit simulator. The process of generating the bifurcation diagram was 
modelled by the special circuit that was called the chaoticness detector. With this bifurcation points based model we can easy detect the presence of 
circuit's chaotic behaviour. 

This paper is structured as follows. In the second chapter the description of the bifurcation diagram and its use is presented. In the third chapter we 
describe in the detail the model of the chaoticness detector which comprises analogue memory where the peak values (Fig. 3) are stored and the model 
of time varying bifurcation parameter. The basic components of the analogue memory model are two capacitors and switches. The switches ensure that 
within each signal's period the capacitors store the maximum and minimum values of the signal. 

In the fourth chapter we present the chaoticness detection of the Chua's circuit /9/. While the simulation runs, bifurcation parameter alters in time from 
the selected start to stop values. Signals peak values are kept in the peak values memory and with appropriate time step they are also stored in the output 
file. Based on these stored data we can easy plot a bifurcation diagram (Fig. 6) that enables a parameter 8= calculation. 

The chaoticness detector can be used as an effective tool for analysis of the chaotic behaviour on the level of circuit simulators. The concept of the 
detector can also be used as a starting point for the practical implementation. 

1 Uvod 

Odkritje deterministicnega kaosa V sredini sestdesetih let 
je pritegnilo pozornost stevilnih raziskav razlicnih znan­
stvenih podrocij: biologije, meteorologije, fizike, astrologi­
je, kemije, medicine, elektronike, kriptologije. Analize ra­
zlicnih nelinearnih sistemov potrjujejo obstoj fenomena 
kaosa z znacilnimi univerzalnimi zakonitostmi, lastnostmi 
in pojavi /2/, /3/. Eden taksnih pojavov je pojav bifurkac­
ij, katerih stevilo postane v primeru kaoticnega obnasanja 
neskoncno veliko. 

Kaoticnost je mogoce zaznati /1/, /2/, /4/, /5/, /6/, / 
7/ npr. z opazovanjem trajektorij v prostoru stanj, z razlicn­
imi analizami casovnih potekov signalov v vezju, s Poi ncar­
ejevimi prerezi atraktorjev, z izracuni Lyapunovih eksponen­
tov, z entropijo, z analiza bifurkacijskih diagramov itd. 

V prispevku smo se osredotocili na detekcijo kaoticnosti 
elektronskih vezij s pomocjo bifurkacijskega diagrama. Ker 
obnasanje analog nih vezij najpogosteje analiziramo s po­
mocjo simulatorjev analognih vezij /6/, smo izdelali model 
detektorja kaoticnosti, ki je primeren za uporabo v tovrst­
nih simulatorjih. Namenjen je izracunu ocene mejne vred­
nosti bifurkacijskega parametra, pri kateri se obicajno ob­
nasanje vezja spremeni v kaoticno. 

Delovanje modela temelji na nacinu detektiranja kaoticnosti 
s pomocjo bifurkacijskih tock. Ta naCin je opisan v drugem 
poglavju. Bifurkacijske tocke odcitamo iz bifurkacijskega 
diagrama, ki ga dobimo na osnovi analize, vvezju izbranega 
signala. Iz njega izlocimo vse lokalne ekstremne vrednosti 
(minimume ali maksimume) in jih, v odvisnosti od spremen­
Ijivega bifurkacijskega parametra, graficno prikaiemo v bi­
furkacijskem diagramu. Ker simulatorji ne omogocajo iskan-
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