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Abstract 

 
In this report we demonstrate a possibility of generating chaotic pulses by means of parameter modulation 
of chaotic oscillator. Chaotic oscillator with 2.5 degrees of freedom and transistor as an active element is 
taken as a model. It is shown that periodic stimulation of such system allows to generate chaotic pulse 
stream, the duration of chaotic pulses and their duty cycle can be widely varied by suitable choice of 
frequency of exciting force and bias voltage. 

1. Introduction 
Chaotic radio-pulses are used as an information carrier in wideband and ultra-wideband communication 

systems [1-3], in particular chaotic pulses are recommended as optional decision for use in ultra wide band 
wireless personal area networks (UWB WPANs) in IEEE 802.15.4a standard [4] . Transmitted information in 
such systems is coded by means of placing these pulses on certain time positions. As a result the stream of 
chaotic pulses is formed consisting of pulses and intervals between them. In this case, depending on information 
bit rate and some other conditions the length of the intervals between pulses can be either comparable with the 
length of pulses or exceed it considerably. The last case corresponds to small duty cycle.  

Chaotic pulse sequence is obtained by means of deep amplitude modulation of stationary chaotic signal at 
the output of chaotic source. However this approach requires permanent operation of chaotic oscillator both on 
time intervals when chaotic radio pulses are formed and during pauses between them. The necessity to have 
chaotic signal generation during pauses between pulses decreases energy efficiency of the whole system. This 
efficiency decrease becomes especially significant in the case of small duty cycle. However, such modes are of 
interest in the case of wireless sensor networks and other applications sensitive to power consumption. 

In this paper a possibility of generating chaotic radio pulse stream with arbitrary duty cycle by means of 
external stimulation of dynamic system by regular signal is investigated. Considered system in autonomous 
mode is able to generate chaotic oscillations. 

2. Model of Transistor Chaotic Oscillator with 2.5 Degrees of Freedom 
As a source of chaotic oscillations we use a model of chaotic oscillator with bipolar transistor as an active 

element. The scheme of oscillator is shown in Fig. 1. It is based on three-point circuit described by the system of 
three differential equations [5] in the feedback loop of which additional RLC-link (a low pass filter) is included. 
As was shown in [5], even in this classical circuit of transistor oscillator chaotic oscillations can be observed. 
Adding filter allows us to increase the number of degrees of freedom to 2.5 and gives extra possibilities for 
shaping the spectrum of chaotic oscillations [6]. External periodic stimulation of the oscillator is realized with 
the source of ac voltage VE(t), included in supply circuit. 
 

 
 
 



 
 

  
Fig. 1. Schematic circuit of transistor oscillator with 2.5 degrees of freedom: VC = 5 V, VE = 1 V, L1 = 25 nH, L2 = 25 nH, 

C1 = 10 pF, C2 = 10 pF, C3 = 13 pF, RBE = 200 Ohm, RE = 246 Ohm, RLl = 20 Ohm, RL2 = 20 Ohm, β = 425, 
VT = 0.75 V. 

  
Oscillator model is described by the system of differential equations: 
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where dtddtd /'/ 0ω= , )/( 212110 CCCCL +=ω , VT is barrier potential (VT ≈ 0.75 V), TCECE VVv /= , 

TBEBE VVv /= , TAA VVv /= , 011 / IIi LL = , 022 / IIi LL = , TCC VVv /= , BET RVI /0 = , )( BEBC vii β= , 

TEE VVv /=  and )2sin( ftVVV ACDCE π+= . VDC and VAC are amplitudes of ac and dc components of external 
signal VE, respectively, f is external signal frequency; VCE, VBE are collector-emitter and base-emitter voltages; 
VA is A-point voltage; VC  and VE are voltage sources; IL1, IL2, IC, IB are currents through inductance L1, 
inductance L2, collector C and base B, respectively; IC  = βIB, β is transistor gain. If oscillator is in off-line mode, 
VAC = 0. 

To describe the transistor in the oscillator model a piecewise-linear approximation of static I-V response of 
bipolar transistor )( BEB vi  is used: 

}if,1;if,0{)( TBEBETBEBEB vvvorvvvi >−≤= , (2) 

where vT = 1 is dimensionless barrier potential, and RBE  is base-emitter resistance. 
The analyzed variable is voltage VA. The power spectrum of the autonomous oscillator mode is mainly 

concentrated in frequency range 300…600 MHz. 
Oscillator model has an interesting property: at vE < 1 the single equilibrium point is stable (at the selected 

parameter set) and at vE > 1 chaotic oscillations are excited in the system, abruptly without intermediate 
bifurcations as is shown in Fig. 2 where the diagram of dependence of autonomous oscillator operation modes 
on emitter supply voltage vE. With increasing vE amplitude of oscillations increases in proportion to difference 
(vE – 1) yet the structure of oscillations and their characteristics remain the same. 

Constancy of oscillations structure is explained by the fact that the key parameter of transistor I–V response, 
that determines the oscillation mode, is the slope of its linear  

   
Fig. 2. Bifurcation diagram (a) and phase portraits in the vBE-vA plane for vE = 1.1 (b) and vE = 1.2 (c). 

 
part, whereas the bias voltage of transistor determines the oscillation amplitude. That is why oscillations being 
solution to (1) for 1>Ev , are invariant with respect to similarity transformation )()(' tvktv = , which does not 
change the slope of linear part of I–V response of transistor. In turn, the invariance leads to modes with similar 
structure, which can be mapped each into the other by similarity transformation. Therefore with increasing vE 
the structure of oscillation mode remains the same for all values of vE larger than 1, i.e. if for vE > 1 regular 
oscillations appear, they will be regular for all vE > 1 with the same period and amplitude growing in proportion 
to vE. If oscillations are chaotic they will remain chaotic also for all vE > 1. This means that the value of 



 
parameter vE conditions only the birth of oscillations not their type. This situation is illustrated in Fig. 2, where 
the phase portraits in vBE–vA plane are given for two values of vE. The structure of these portraits is the same and 
the only difference is their size (amplitude of oscillations). 
 

3. Dynamics of the System under External Periodic Stimulation 
Let us consider the oscillator being excited by harmonic signal VE, whose frequency is much lower than the 

oscillation frequency. 
Numerical simulation shows that such periodic signal gives rise to modulated chaotic oscillations, with the 

modulation period inversely proportional to the frequency f of modulating signal. Besides, the larger the 
amplitude of external signal, the larger the modulation depth of chaotic oscillations, until a chaotic pulse mode 
appears which is characterized by alternation of intervals of chaotic oscillations with time intervals of no 
oscillations (Fig. 3a). The interval between oscillation pulses is determined by the frequency f of the external 
signal, its amplitude and the value of bias voltage VDC. 

 

 
Fig. 3. Generation of chaotic pulses by means of 
exiting harmonic signal VE(t): a) duty cycle ½; b) 
duty cycle ¼ ; c) spectra of: origin chaotic signal 
(circles), pulses with duty cycle ½ (triangles), pulses 
with duty cycle ¼ (square). 

 
Fig. 4. Generation of chaotic pulses by means of 
exiting video pulses VE(t): a) duty cycle ½; b) front 
of chaotic pulse; c) spectra of: origin chaotic signal 
(circles), pulses with duty cycle ½ (square). 

 
The appearance of chaotic pulse mode can be regarded as a result of transistor operation. Oscillations appear 

as soon as the voltage VE exceeds the bias voltage VT of transistor. So, by means of adjusting frequency f, 
amplitude VAC and voltage VDC a sequence of chaotic pulses with different duty cycles can be obtained. For 
instance, the oscillator exсited by signal VE, with parameters set at VDC = VT, VAC = 0.25 V and f = 1 MHz 
generates chaotic pulses with duty cycle ½ (Fig. 3a).  

In a similar way, the oscillator excited by signal VE, where VDC = 0 V, VAC = 1 V and f = 1 MHz generates 
chaotic pulses with duty cycle ¼ (Fig. 3b).  

In Fig. 3c comparison of power spectra of autonomous oscillator signal and signal of the oscillator under 
external force is shown.  

The current drain of considered oscillator model on the time intervals between chaotic pulses equals zero, 
consequently, power consumption also equals zero that gives essentially increased energy efficiency of the 
oscillator. It follows from the fact that in the considered model of transistor at VE < VT transistor is closed and 
current through base–collector junction is absent, i.e. IC = 0 (Fig. 1). In this case, current through base–emitter 
junction is also equal to zero, since VE < VT . 

4. Dynamics of the System under Stimulation by External Periodic Video Pulse 
As it was ascertained above chaotic pulse generation is possible by means of emitter supply voltage driven 

by harmonic function. In that case, there is possibility of obtaining pulses of different duration and duty cycle. 



 
Let us show that these results can be generalized to periodic oscillations of different form, in particular, the 
stimulation can be accomplished by periodic video pulses. 

In the case of disturbance with video pulses chaotic oscillator is moved out of sleeping mode to generation 
mode and backwards very rapidly, i.e. there is a discontinuity of disturbing signal in the beginning of pulse. The 
following trajectory evolution is determined by the perturbation. 

In our case we deal with chaotic dynamic system which has zero stable equilibrium point and nonzero 
unstable equilibrium point in sleeping mode (without external stimulation). It means that trajectory starting from 
arbitrary initial conditions is attracted exponentially by stable equilibrium point so that by rapid switch to 
generation mode by video pulse initial conditions are reproduced in case of rather large time intervals between 
the pulses. Consequently, at rather low noise level the system assures reproducibility of every chaotic pulse on 
certain time interval. 

Also let us note that (Fig. 4b) in considered system there is no response lag, i.e. chaotic pulse front grows 
immediately as soon as control voltage VE(t) exceeds generation threshold VT. It can be explained that, as was 
mentioned above, in the generation mode there are no stable equilibrium points in the system and only unstable 
point is present, so amplitude of oscillations increases exponentially fast. 

Simulation results are shown in Fig. 4a,c where waveform of pulse sequence (Fig. 4a) for modulation 
frequency f = 1 MHz is depicted. Fig. 4c allows to compare power spectra of signals of autonomous and non-
autonomous oscillators. 

5. Conclusions 
In the report, a possibility of generating chaotic radio pulses is investigated in a model of chaotic oscillator 

with 2.5 degrees of freedom by means of stimulation of the oscillator with external periodic signal. The 
considered method for generation allows us to form sequences of ultra-wideband radio pulses of prescribed 
duration and repetition interval.  
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