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(57) ABSTRACT 

A System for detecting distances for vehicle and robotic 
applications includes a transducer for generating a transmis 
Sion signal to be sent in the direction of an obstacle, and for 
obtaining a receiving Signal corresponding to an echo pro 
duced by the reflection of the transmission signal off the 
obstacle. The transducer is driven by a chaos generator, Such 
as a Chua's circuit. The System also includes a correlator for 
correlating the transmission signal and the receiving Signal 
So that the distance between the obstacle and the transducer 
is identified by an instant at which the correlation assumes 
a high value. The transmission Signal may be a Square-wave 
Signal Selectively generated with one first frequency and one 
Second frequency, and jumps between the two frequencies 
are determined by the instants of emission of the pulses 
generated by an analog type pulse generator driven by the 
chaos generator. 

30 Claims, 4 Drawing Sheets 
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SYSTEM FOR DETECTING DSTANCES 
USING CHAOTC SIGNALS 

FIELD OF THE INVENTION 

The present invention relates to Systems for detecting 
distances, and in particular, to a System for avoiding colli 
Sions with obstacles. Such a System is applicable to vehicles, 
robotics, industrial plants and automated guided vehicles 
(AGVs), for example. 

BACKGROUND OF THE INVENTION 

The problem of avoiding collisions in the above men 
tioned applications is rendered even more complex by the 
fact that, in the vast majority of cases, operations take place 
in non-Structured environments. Consequently, intelligent 
control of the vehicles and/or mobile elements involved 
must plan for anti-collision Strategies and Sensing Systems 
that are able, for instance, to plan paths that are alternative 
to the ones defined in the initial control Step and/or are able 
to Signal the presence of obstacles, in particular, based upon 
data coming from different Sensors associated with the 
vehicle/mobile element. 

Typically, Sensors are used that are able to measure the 
so-called time of flight (TOF). The time of flight is the time 
interval that elapses between the transmission of a wave and 
the reception of the wave reflected after interaction with an 
obstacle. 

Implementation of driving Schemes based upon the use of 
distance Sensors that are able to detect and/or measure the 
time of flight usually make use of algorithms that handle the 
transmission intervals of the various Sensors. For example, 
robotics and vehicles make use of these driving Schemes. 
The vehicle/mobile element is usually equipped with a 
number of Sensors which act in a number of directions in 
order to examine the entire Surrounding Space, or at least, the 
portion of Space of interest for avoiding collisions. The 
above approach requires a dedicated control unit, Such as the 
one described, for example, in Sensors for Mobile Robots, 
Theory and Application, by H. R. Everett, A. K. Peters Ltd., 
Natick, Mass., 1995. 
A number of Sensors associated with the same vehicle/ 

mobile element may interact together, thus giving rise to 
Situations of interference that may reduce the quality of the 
measurements. In addition, the use of a number of vehicles/ 
mobile elements operating in a multi-user Scenario intro 
duces an additional Source of interference. 

The algorithms according to the prior art are very difficult 
to apply to Situations in which a number of vehicles/mobile 
elements are present. In this case, there is an unavoidable 
need to provide a monitoring and coordinating unit for the 
entire vehicles/mobile elements involved. This results, in a 
majority of the applications, in additional costs and in more 
general terms, a considerable loSS in the autonomy of 
movement of vehicles/elements designed to operate inde 
pendently from one another. 

SUMMARY OF THE INVENTION 

In view of the foregoing background, an object of the 
present invention is to provide a System for detecting 
distances which can be applied to Systems comprising a 
number of vehicles and/or mobile elements. The system 
operates in a multi-user Scenario, namely, in a context in 
which each Sensor encounterS Some difficulty in distinguish 
ing its own echo on account of the Signals generated 
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2 
Simultaneously by the other Sensors associated with the 
same vehicle/mobile element or else with different vehicles/ 
elements. 
The System according to the present invention addresses 

the problem linked to multipath-fading, i.e., where a Sensor 
is not able to distinguish the echo reflected by the obstacle 
along the shortest path (a path representing the actual 
distance from the obstacle) from the other echoes that cover 
longer paths, Such as the ones generated by indirect reflec 
tions due to walls or other obstacles. 

According to the present invention, the above objective is 
achieved by a System comprising at least one transducer for 
generating a transmission Signal to be sent in a direction of 
the obstacle, and for obtaining a receiving Signal corre 
sponding to an echo produced by a reflection of the trans 
mission signal off the obstacle. The System further com 
prises a chaos generator for driving the transducer So that the 
transmission signal has characteristics of a chaotic Signal. 

In particular, the invention exploits the possibility of 
using the advantages afforded by chaotic communications in 
order to address the problems linked to the use of Sensors 
based on the measurement of the time of flight (TOF). 

ChaoS-based communication Schemes exploit the high 
Sensitivity to variations in the initial conditions, and in the 
values of the System parameters for generating a large 
variety of codes based upon non-predictable Sequences. AS 
is known, chaotic communication Schemes may be divided 
into coherent Schemes and non-coherent Schemes, according 
to whether the receiver knows or does not know the carrier 
transmitted. 

For a general overview on chaotic communication 
Schemes, reference may be made to the following works by 
G. Kolumban et al.: “The Role of Synchronization in Digital 
Communications using Chaos”, Part I: Fundamentals of 
Digital Communications, IEEE Trans., CAS-1, October 
1997; Part II: Chaotic Modulation and Chaotic 
Synchronization, IEEE Trans. CAS-1, November 1998; Part 
III: Performance Bounds for Correlation Receivers, IEEE 
Trans. CAS-1, December 2000. 

In particular, in the currently preferred embodiment, the 
approach according to the invention makes use of a chaotic 
pulse position modulation (CPPM) scheme. According to 
this Scheme, modulation of the information is contained in 
the time interval elapsing between the generation of two 
Successive pulses. The interval is determined by a chaotic 
digital Source. Useful reference may also be made to G. M. 
Maggio et al., “Chaotic pulse-position modulation for 
ultrawide-band communication Systems', by G. M. Maggio 
et al., Proc. UWB 99, Washington D.C., Sept. 28–30, 1999. 
A signal is preferably Sent to the Sensor, which includes 

pulses generated according to a CPPM Scheme of an analog 
type, such as the one described in “Chaos Preservation 
through Continuous Chaotic Pulse Position Modulation”, by 
L. Fortuna, M. Frasca, A. Rizzo, ISCAS 2001. 
The advantage of using an analog Scheme, with regards to 

generation of the Sequence of time intervals necessary for 
modulation, results primarily in a considerable Savings. 
According to the traditional CPPM scheme for generating a 
chaotic Sequence, it is required for implementing a chaotic 
map on a microprocessor provided with a Sufficiently high 
number of bits. Instead, recourse to an analog or continuous 
CPPM scheme allows the use of circuitry with just a few 
operational amplifiers and a Small number of other discrete 
components which are not costly at all. 
The distance from the obstacle is evaluated by performing 

a correlation between the Signal transmitted and the Signal 



US 6,738,313 B2 
3 

received, which presents only one important peak at TOF. 
This property is provided in multi-user Scenarios with 
respect to correlating between two chaotic Signals coming 
from different sources or between two different portions of 
the same chaotic signal. In addition, the problem linked to 
multipath fading is overcome, in So far as the correlation 
peak due to the wave reflected directly is much higher than 
other possible peaks due to multiple reflections of the same 
Signal. 

The present invention is therefore characterized by a low 
cost. The System does not require dedicated hardware and 
can be implemented using low-cost circuitry. In terms of 
performance, the System according to the invention 
addresses the problems that arise in multi-user Scenarios 
with multipath fading without deteriorating the original 
performance of the sensor used. In terms of flexibility, the 
System drives a wide variety of Sensors. Moreover, this is 
possible to do without a central control unit. Operation of the 
Sensor is managed at a local level, and in all the applications 
in which a plurality of Sensors are to be installed, there is no 
need to have a control or coordination unit. 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention will now be described by way of a 
non-limiting example with reference to the attached 
drawings, in which: 

FIG. 1 is a block diagram of the general architecture of a 
System according to the present invention; 

FIG. 2 is a Schematic diagram of a Chua's circuit that can 
be used in System according to the present invention; 

FIGS. 3a and 3b illustrate graphs of the chaotic attractor 
obtained using the circuit of FIG. 2, and one of the corre 
sponding State variables that can be used as a carrier for a 
pulse position modulation (PPM) modulator; 

FIG. 4 is a Schematic diagram of the modulator; 
FIGS. 5a, 5b and 6a, 6b are graphs illustrating various 

Signals within a System according to the present invention, 
wherein FIGS. 5b and 6b are enlarged representations of 
selected portions of FIGS. 5a and 6a, 

FIG. 7 is a graph of the transmission signal and a graph 
of the echo received in a System according to the present 
invention; 

FIG. 8 is a block diagram of a driving circuit for a sensor 
used in a System according to the present invention; and 

FIG. 9 is a graph illustrating a result of the correlation 
between the Signal transmitted and the Signal received in a 
System according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the block diagram of FIG. 1, the reference number 10 
designates a chaos generator, preferably an analog type, 
which drives a PPM modulator 12. The transmission signal 
(TX) thus obtained is a chaotic pulse position modulated 
(CPPM) signal to be supplied to a driving block 14 in such 
a way as to ensure proper operation of a Sensor 16. 
The Sensor 16 may advantageously include a normal 

piezoelectric transducer of the type used, for instance, in 
burglary-alarm or anti-theft Systems, Such as Volumetric 
and/or antilifting Systems used in Vehicle applications. 
The transmission signal TX (typically comprising an 

ultrasound Signal) generated by the Sensor 16 illuminates an 
obstacle O. The obstacle O Sends the Signal that impinges 
upon it back to the Sensor in the form of an echo. The Sensor 
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4 
16 detects the echo Signal and generates a receiving Signal 
(RX), that is detected by the driving unit 14. The receiving 
signal (RX) is sent to a correlator 18. 
The correlator 18 receives both the transmission signal 

TX on Signal path 12a and the received echo Signal RX on 
signal path 14a. The correlator 18 performs the correlation 
between the Signal transmitted and the echo received by the 
sensor 16 to obtain the time of flight (TOF) corresponding 
to the instant at which a function of the correlation between 
the transmitted signal TX and the received echo signal RX 
reaches a maximum value. 
The reference E generically designates any circuit ele 

ment that is able to exploit the Signal corresponding to the 
TOF (and hence to the distance between the sensor 16 and 
the obstacle O) generated by the correlator 18 on an output 
path designated by reference 18a. Exploitation of the Signal 
corresponding to the TOF is in a known way, and is based 
upon application of the System according to the present 
invention. 

It will be appreciated that the present invention does not 
regard Specifically the function or the operating modes of the 
element E and the circuits possibly associated therewith, 
which are to be considered known. AS Stated above, the 
Sensor 16 preferably comprises an ultrasound Sensor, Such as 
an ultrasound sensor manufactured by Polaroid (Series 
6500). 

In principle, direct application of CPPM techniques to an 
ultrasound Sensor could give rise to a number of problems, 
mainly linked to the mechanical inertia of the Sensor. To 
prevent these problems, in the currently preferred embodi 
ment of the invention, a Signal is Sent to the Sensor 16. The 
Signal comprises the alternation of pulse trains generated at 
two different frequencies within the useful band of the 
Sensor. Switching between one modulation frequency and 
the other takes place at time intervals generated according to 
a chaotic law. 

In a preferred way, the generation of the chaotic carrier is 
performed by a Chua's circuit built using operational ampli 
fiers according to the electrical diagram shown in FIG. 2. 
The circuit diagram, which comprises four operational 
amplifiers 20, 22, 24 and 26, is illustrated in greater detail in 
the reference “Chua's Circuit Can Be Generated by CNN 
Cells”, by P. Arena, S. Baglio, L. Fortuna, G. Manganaro, 
IEEE Trans. CAS-1, February 1995. Reference is directed to 
this article for a more detailed illustration of the circuit and 
its modes of operation. 
The diagram of FIG. 3 illustrates the chaotic attractor 

called “Chua's double scroll” that may be obtained by the 
circuit of FIG. 2. FIG.3 reproduces, instead, a possible plot 
in time of one of the State variables (X) linked to the chaotic 
attractor. This State variable X is used as a carrier for driving 
the PPM modulator 12. 
The PPM modulator 12 is implemented according to the 

general diagram represented in FIG. 4. Also in this case, the 
reference numbers 28 and 36 designate as many operational 
amplifiers connected together according to the circuit layout 
represented in FIG. 4. The representation is evident for a 
perSon Skilled in the art, and consequently, a detailed 
description is not called for herein. This also applies to the 
block designated by 38, which includes a bistable multivi 
brator. 

ESSentially, the part of the circuit comprising the opera 
tional amplifier 30 is a saw-tooth generator that is able to 
generate a ramp signal with an appropriate slope, while the 
operational amplifier 34 is essentially configured as a thresh 
old comparator in which the ramp signal with an appropriate 
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slope is compared with the chaotic carrier (state variable X 
of FIG. 3a) applied on an input line 34a. In this way, 
whenever the ramp signal reaches the level of the chaotic 
Signal, namely the carrier, a pulse of a desired duration 
(which may be adjusted by acting on the multivibrator 38) 
is generated. 

In greater detail, the diagram of FIG. 4 provides a circuit 
implementation in which it is possible to distinguish a block 
for adaptation of the level of the chaotic signal (elements 28 
and 32), an integrator for generation of the ramp signal 
(operational amplifier 30 and circuits associated there with), 
a comparator of the two signals (operational amplifier 34), 
and a multivibrator 38 having the function of adjusting the 
duration of the pulse. The circuit is built in such a way that 
it is possible to act easily on fundamental parameters, Such 
as the slope of the ramp signal, the amplification and offset 
of the chaotic Signal, and the duration of the pulse. The aim 
of the foregoing is to adapt the modulated Signal to the 
physical characteristics of the ultrasound Sensor 16 accord 
ing to the features which will be described in greater detail 
below. 

From FIGS. 5a and 5b it is possible to realize that the 
duration of the ramp signal (the saw-tooth signal ST in the 
top part of FIG. 5a) follows the pattern of the chaotic signal 
CC reproduced in the bottom part of FIG. 5a. This is in 
addition to the waveforms of the ramp signal ST and of the 
chaotic carrier CC, and the modulated signal CPPM which 
is reproduced at the top. This is clearly visible in the 
Zoomed-in view of FIG. 5b. 

Using a pulse Signal, Such as the Signal CPPM represented 
in FIG. 5b for driving directly an ultrasound sensor, such as 
the sensor 16, is difficult due to the fact that, if the sensor is 
excited by a train of pulses with variable time distances, but 
always within its useful frequency band (AW) on account of 
its mechanical inertia, the Sensor does not manage to follow 
with the necessary promptness of the continuous frequency 
variations that are imposed. 

For the sensor 16 to be able to vary its own oscillation 
frequency as a result of a variation in the excitation applied, 
it is thus necessary to wait a period of time within which the 
Sensor Stabilizes at the new frequency. For this reason, in the 
currently preferred embodiment of the invention, the general 
diagram of FIG. 1 is in effect implemented according to the 
features more clearly illustrated in FIG.8. It will be appre 
ciated that, in the diagram of FIG. 8, parts or elements 
already mentioned in the description of FIG. 1 are desig 
nated by the same reference numbers. 

Basically, the function of the driving circuit 14 is to 
generate a signal for properly driving the ultrasound Sensor 
16 in such a way that the signal received will not lose the 
information transmitted, namely the chaotic information. 
The driving circuit 14 makes use of two signals (e.g., 
Square-wave signals) at different frequencies but within the 
useful band AW, and are transmitted in Sequence in Such a 
way that the duration of each of them is equal to the (chaotic) 
distances generated by the modulator 12. 

For a proper implementation of the above approach, the 
choice of two parameters is Significant: the location of the 
two frequencies within the band AW, and the range of the 
time distances generated by the CPPM modulation. 

The former choice is basically linked to the Sensor used, 
and in particular, to the gain curve of the response. 
Consequently, it is possible to choose any frequencies falling 
within AW, even though in order to render the correlation 
mechanism more effective, it is desirable that the two 
frequencies should be Sufficiently distant from one another. 
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6 
The two frequencies chosen, together with the mechanical 

characteristics of the Sensor 16, determine the range of the 
chaotic distances that the modulator CPPM can generate. In 
fact, the minimum chaotic distance admissible depends upon 
the time required for the Sensor to Stabilize on the new 
frequency whenever a change in frequency occurs. The 
maximum distance is instead determined by the total dura 
tion of the Signal to be transmitted for detecting the distance 
and upon the minimum number of Samples required for the 
transmitted Signal to be effectively recognized during the 
correlation Stage. 
With reference to the Polaroid 6500 ultrasound sensor 

referred to previously, the corresponding useful band AW 
ranges from 50 kHz to 60 kHz with a spatial coverage 
between 30 cm and 12 m, and hence with a maximum TOF 
of 100 milliseconds. In addition, in view of the capacitive 
nature of the sensor, a period of a further 100 milliseconds 
is required for the Sensor 16 to return to a quiescent State. 

Consequently, the measurements are made with a 5 HZ 
frequency. The operating frequencies of the Sensor are thus 
chosen at the margins of its band, namely adopting two 
frequencies F1 and F2 at 50 kHz and 60 kHz, respectively. 
For this purpose, in the driving circuit 14 (see FIG. 8) two 
timer circuits 40, 42 are used which function as oscillators 
for generating the two frequencies F1, F2 according to the 
reception of the pulse train coming from the modulator 12. 

Preferably, the two generators 40, 42 are configured so 
that at each pulse coming from the modulator 12 they are 
reset So as to wipe out any regularity present in the Signal 
transmitted. Again preferably, in View of the mechanical 
characteristics of the Sensor 16, the range of the chaotic 
distances is chosen between a minimum value of 160 
microSeconds and a maximum value of 200 microSeconds. 
This ensures a minimum of eight oscillations for each of the 
frequencies F1 and F2 and a minimum often chaotic values, 
there having been imposed a duration of the transmission 
Signal of 2 milliseconds, taking into account the character 
istics of the Sensor. 
The reference number 44 designates a Selection block or 

electronic Switch that transferS onto its own output line 
44aeither one of the Signals coming from the generators 40, 
42 according to a Switching-control Signal generated by a 
module 46 which is sensitive to the pulses coming from the 
modulator 12. 
At each pulse coming from the modulator 12, the module 

46 acts on the Switch 44 in Such a way that the latter Switches 
its operating position. In this way, at each pulse coming from 
the modulator 12, the frequency of the Signal present on the 
output line 44aswitches from F1 to F2 and from F2 to F1 
according to an orderly alternating Sequence, but with 
Switching instants defined in a chaotic way. 

Clearly visible in FIG. 6a are, in the bottom part, the pulse 
Signal CPPM, and in the top part, the Square-wave signal 
SW, the frequency of which switches from F2 to F1, from F1 
to F2, and then again from F2 to F1 at the instants of arrival 
of successive pulses of the signal CPPM. In the Zoomed-in 
view of FIG. 6b, one of the transitions from the frequency 
F2 to the frequency F1 may be seen in greater detail. 

Returning to the diagram of FIG. 8, the reference number 
48 designates a third timer designed to generate both a 
transmission-enable signal (TXenable), which is forwarded 
on line 48a, and a receive-enable signal (INIT), which is 
forwarded on line 48b. In particular, the transmission-enable 
Signal TXenable acts on a transmission-control circuit, des 
ignated by 50, in Such a way as to cause transmission of the 
Signal present on the line 44a (at the frequency F1 or at the 
frequency F2) to be enabled, for example, for 2 ms every 
200 ms. 
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The receive-enable signal INIT is transmitted on the line 
48b to a receive-enable module, designated by 52. The 
signal INIT is basically a square-wave signal with a 50% 
duty cycle. This enables reception for 100 ms and brings the 
Sensor 16 to a quiescent state (in So far as it acts as a 
receiver) for the remaining 100 ms. 

The reference numbers 16a and 16b designate two mod 
ules (of a known type) associated with the Sensor 16, 
respectively with the function of a transmission-interface 
circuit (16a) and with the function of a receiving-interface 
circuit (16b). The transmitted signal TX coming out of the 
module 50 on a line 50a is sent to the input of the module 
16ato enable the corresponding excitation of the Sensor 16. 
The above Signal is also sent, on a line corresponding to the 
line 12a of FIG. 1, to the correlator 18. 

In a symmetrical way, the receive-enable signal INIT 
present on the line 52a at the output from the module 52 is 
sent both to the input of the module 16a (to inhibit trans 
mission of the signal TX when the sensor 16 sets itself for 
listening to the echoes received, namely to the Signal RX) 
and to the input of the correlator 18. A further input of the 
correlator is represented by the line 14a (see also FIG. 1), 
which forms the output line of the receiving module 16b. 

The representation of FIG. 7 shows that for each burst of 
the transmitted signal TX there corresponds a first echo RX1 
(the echo to be used for the purposes of Sensing), which is 
usually followed by at least one second echo RX2 and 
further disturbance Signals, designated as a whole by D. 

According to the invention, the possibility of recognizing 
the Signal received by the ultrasound Sensor in a unique way 
even in the presence of multi-user Scenarios and multipath 
fading is based upon recognition of the Strong correlation 
that the Signal maintains with the Signal transmitted. 

In the approach just described, the above objective is thus 
achieved by using the continuous chaotic modulation 
(CPPM) of the signal transmitted by the ultrasound sensor. 
In this way, on account of its peculiarities the chaotic 
information contained in the Signal received bestows on the 
Signal a strong correlation with the transmitted Signal, while 
the latter is significantly uncorrelated to any other distur 
bance Signal. 

The classic function of correlation, which is given in the 
equation below, goes through an integration operation 
which, when referred to a transmission Signal TX and a 
receiving Signal RX acquired with an appropriate Sampling 
time T, gives rise to a correlation function C(t) as follows: 

Since both of the signals TX and RX are of a digital type, 
the correlation operation is transformed into a Sequence of 
Simple logic operations. FIG. 9 presents the correlation 
function for a case in which a correct echo (echo I), an echo 
due to multipath fading (echo II), and a third signal coming 
from an additional ultrasound sensor (this may be, for 
instance, a disturbance due to crosstalk) are detected. 

In FIG. 9 the presence of a high correlation peak may be 
noted exactly at the correct time distance. Normalizing the 
correlation function to unity, it may be noted that the peak 
due to proper reflection from the obstacle (proportional to 
the distance from the obstacle O) assumes a value of 0.85. 
This is contrast with the other two peaks due to the second 
echo and to the disturbance, the normalized values of which 
do not exceed 0.5. 

Tests carried out by the present applicant have proven to 
be repeatable for the above result in a wide range of 
Situations of use based upon the utilization of a number of 
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8 
Sensors in the same environment and by the presence of 
different kinds of disturbance Sources. Of course, without 
prejudice to the principle of the invention, the details of 
construction and the embodiments may vary widely with 
respect to what is described and illustrated herein, without 
thereby departing from the Scope of the present invention. 

That which is claimed is: 
1. A System for detecting the distance from an obstacle, 

and comprising: 
at least one transducer for transmitting a transmission 

Signal in a direction of the obstacle, and for receiving 
an echo Signal corresponding to a reflection of the 
transmission signal off the obstacle; 

a chaos generator for driving Said at least one transducer 
with a chaotic Signal So that the transmission signal has 
characteristics of the chaotic Signal; 

a pulse generator connected between said chaos generator 
and Said at least one transducer, Said pulse generator 
being driven according to a pulse position modulation 
Scheme So that a time interval that elapses between 
generation of two consecutive pulses by Said pulse 
generator has characteristics of the chaotic Signal; and 

a driving circuit connected between Said pulse generator 
and Said at least one transducer, Said driving circuit 
comprising a signal Source for producing the transmis 
Sion signal as a Square-Wave signal having a varying 
frequency with at least one first frequency and at least 
one Second frequency, the at least one first and Second 
frequencies being different from one another, and Said 
Signal Source being driven by Said pulse generator So 
that Said Signal Source modifies a frequency of the 
transmission signal according to the chaotic Signal. 

2. A System according to claim 1, further comprising a 
correlator for correlating the transmission Signal and the 
received echo Signal So that a distance of the obstacle from 
Said at least one transducer is identified by an instant at 
which the correlation assumes a predetermined value. 

3. A System according to claim 2, wherein the predeter 
mined value is a maximum value. 

4. A System according to claim 1, wherein Said chaos 
generator comprises a Chua's circuit. 

5. A System according to claim 1, wherein the transmis 
Sion Signal is generated from a State variable of Said chaos 
generator. 

6. A System according to claim 1, wherein Said pulse 
generator comprises an analog type pulse generator. 

7. A System according to claim 1, wherein Said at least one 
transducer has an operating bandwidth, and Said Signal 
Source generates the transmission Signal at frequencies 
within the operating bandwidth. 

8. A System according to claim 7, wherein Said Signal 
Source generates the transmission signal with a first trans 
mission frequency and a Second transmission frequency, the 
first transmission frequency and Signal the Second transmis 
Sion frequency being located at ends of the operating band 
width of Said at least one transducer. 

9. A System according to claim 1, wherein Said Signal 
Source is driven by Said pulse generator So that, upon 
emission of each pulse generated by Said pulse generator, 
Said Signal Source modifies the frequency of the transmission 
Signal. 

10. A System according to claim 9, wherein Said Signal 
Source comprises a plurality of respective signal generators, 
each Signal generator generating a respective Signal at a 
given frequency, and each respective signal generator being 
reset by Said pulse generator upon emission of each of the 
pulses. 
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11. A System according to claim 1, wherein Said at least 
one transducer comprises a piezoelectric transducer. 

12. A System according to claim 1, wherein Said at least 
one transducer has respective transmission and receiving 
interfaces for Simultaneous operation of both transmission 
and reception. 

13. A System according to claim 12, further comprises an 
enabling/disabling circuit for inhibiting Simultaneous opera 
tion of Said at least one transducer. 

14. A System for detecting the distance from an obstacle, 
and comprising: 

a chaos generator for generating a chaotic signal; 
a pulse generator connected to Said chaos generator and 

being driven according to a pulse position modulation 
Scheme So that a time interval that elapses between 
generation of two consecutive pulses by Said pulse 
generator has characteristics of the chaotic Signal; 

a driving circuit connected to Said pulse generator and 
comprising a signal Source for producing a transmis 
Sion signal that is a Square-wave signal having a 
varying frequency with at least one first frequency and 
at least one Second frequency, the at least one first and 
Second frequencies being different from one another, 
and Said Signal Source being driven by Said pulse 
generator So that Said Signal Source modifies a fre 
quency of the transmission Signal according to the 
chaotic Signal; and 

at least one transducer being driven by Said pulse gen 
erator for transmitting the transmission signal in a 
direction of the obstacle, and for receiving an echo 
Signal corresponding to a reflection of the transmission 
Signal off the obstacle, the transmission and received 
echo Signals having characteristics of the chaotic Sig 
nal; and 

a correlator for correlating the transmission Signal and the 
received echo Signal So that a distance of the obstacle 
from Said at least one transducer is identified by an 
instant at which the correlation assumes a predeter 
mined value. 

15. A System according to claim 14, wherein the prede 
termined value is a maximum value. 

16. A System according to claim 14, wherein Said chaos 
generator comprises a Chua's circuit. 

17. A System according to claim 14, wherein Said pulse 
generator comprises an analog type pulse generator. 

18. A System according to claim 14, wherein Said at least 
one transducer has an operating bandwidth, and Said Signal 
Source generates the transmission signal at frequencies 
within the operating bandwidth. 

19. A System according to claim 14, wherein Said at least 
one transducer has respective transmission and receiving 
interfaces for Simultaneous operation of both transmission 
and reception. 

20. A System according to claim 19, further comprises an 
enabling/disabling circuit for inhibiting Simultaneous opera 
tion of Said at least one transducer. 

21. A method for detecting the distance from an obstacle, 
and comprising: 

generating a transmission Signal using a chaos generator 
So that the transmission Signal has characteristics of a 
chaotic Signal; 
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10 
driving a pulse generator connected to the chaos generator 

according to a pulse position modulation Scheme So 
that a time interval that elapses between generation of 
two consecutive pulses by the pulse generator has 
characteristics of the chaotic Signal; 

transmitting from at least one transducer connected to the 
pulse generator the transmission signal in a direction of 
the obstacle, and 

receiving an echo Signal at the at least one transducer 
corresponding to a reflection of the transmission Signal 
off the obstacle. 

22. A method according to claim 21, further comprising 
correlating the transmission signal and the received echo 
Signal So that a distance of the obstacle from the at least one 
transducer is identified by an instant at which the correlation 
assumes a predetermined value. 

23. A method according to claim 22, wherein the prede 
termined value is a maximum value. 

24. A method according to claim 21, wherein a driving 
circuit is connected between the pulse generator and the at 
least one transducer, and further comprising: 

providing in the driving circuit a ramp signal; 
comparing in the driving circuit the ramp signal with a 

reference Signal produced by the chaos generator, and 
providing the pulses to the at least one transducer when a 

level of the ramp Signal reaches a level of the reference 
Signal. 

25. A method according to claim 21, wherein a driving 
circuit is connected between the chaos generator and the at 
least one transducer, the driving circuit comprising a signal 
Source for producing the transmission Signal with at least 
one first frequency and at least one Second frequency, the at 
least one first and Second frequencies being different from 
one another, and a ramp signal Source producing a ramp 
Signal being driven by the chaos generator So that the ramp 
Signal Source modifies a frequency of the transmission Signal 
according to the chaotic signal. 

26. A method according to claim 25, wherein the ramp 
Signal Source generates the transmission signal as a Square 
wave signal having a varying frequency. 

27. A method according to claim 25, wherein the ramp 
Signal Source is driven by the pulse generator So that, upon 
emission of each pulse generated by the pulse generator, the 
Signal Source modifies the frequency of the transmission 
Signal. 

28. A method according to claim 27, wherein the Signal 
Source comprises a plurality of respective signal generators, 
each Signal generator generating a respective Signal at a 
given frequency, and each respective signal generator being 
reset by the pulse generator upon emission of each of the 
pulses. 

29. A method according to claim 21, wherein the at least 
one transducer has respective transmission and receiving 
interfaces for Simultaneous operation of both transmission 
and reception. 

30. A method according to claim 29, further comprising 
inhibiting Simultaneous operation of the at least one trans 
ducer. 


