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Abstract

In this paper, we propose a new method of meastinmgarget velocity by estimating the scalpagameter of
chaos-generating system. First, we derive theiogldietween the target velocity and the scapagameter ¢
the chaos-generating system. Then a new methodcfaing parameter estimation of the chaotic system
proposed by exploiting the chaotic synchronizatiproperty. Finally, numerical simulations shothe
effectiveness of the proposed method in targetcitgloneasurement.
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1. Introduction

A chaotic signal, generated by nonlinear dynamataduits and systems, has broadband
spectra, noise-like property, good correlation deterministic feature. These features of a
chaotic signal have drawn considerable attentidherradar community [1-11].

In [1], the authors present a processing schenwhadbtic radar signals by exploiting the
generating mechanism of transmitted chaotic sigidlsy find a simple relation between the
target parameters (range and velocity) and theesyglarameters of a special chaotic system,
Chua’s circuits (Chaotic system is the system phasents the chaos features, such as initial
condition sensitivity, parameter sensitivity, attaas. Chua’s system is one of the chaotic
systems). With this relation, the measurement eftdrget parameters is transformed into
estimation of Chua’s circuit parameters. But in, thle authors focus on Chua’s circuit and
they do not show the way how to estimate the patienmiéen a chaotic system accurately.

In this paper we do further research based on iil¢lmotic radar. The source of chaotic
radar is the signal generated by a nonlinear dycelnoircuit. Firstly, we offer a relationship
between the target parameters and the common clastem parameters. It is demonstrated
by exploiting the relationship between Doppler shiid the scaling parameter of the chaotic
system.

Then, a more accurate method for parameter estmati the chaotic system is given.
Though there are many parameter estimation methoalst, of them are focusing on using the
optimization algorithm, such as in [12]; an extethaeord-lifting method is used, in [13,14]
particle swarm optimization is applied in paramedstimation. Since chaos is very sensitive
to the parameters, the estimation error of theittoal ways is not small enough for
parameter estimation in target velocity measuremené estimation method in this paper
makes full use of the synchronization characterhafos. That is, the synchronization error of
the chaotic systems is sensitive to the paramdfdisere is a small error between the master
system parameter and the slave system parametee, ith a distinct synchronization error
between them. So an accurate estimation can bénebitay choosing the value which can
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make the best synchronization performance.

Finally, the parameter estimation method is appinedstimating the scaling parameter of
the chaotic system, and the target velocity camMttained by the relationship between the
Doppler shift and the scaling parameter.

This paper is organized as follows. In Section&riiation between the target velocity and
the scaling parameter of the chaos-generatingmyistelerived. In Section 3 a new parameter
estimation method for a chaotic system is propokesection 4, numerical simulation is done
to verify the effectiveness of the theory. A briednclusion of this paper is drawn in
Section 5.

2. Relating the target velocity and the scaling parameter

In [1], the authors focus on Chua’s chaotic system they proposed the relation between
the target velocity and the parameter of Chua'©sfgenerating system. In this section, we
further develop the relationship between the tavgddcity and the parameter of a general
chaos-generating system. In order to illustratg, tlwvo theorems are given.

Theorem 1 Consider two n- dimensional chaotic systems:

X(t) = g(X(D) (1)

X (1) = Ag(X(D), 2)

where X €)X ¢ O R, Ais the scaling parameter. If we M{t), X(t)denote the solution to
Eq.(1) and Eq.(2) respectively, then we have

X (t) = X(At) (3)
Proof: AssumeX (1) = X(At), (wherer = At) according to Eq.(1):

X(7) :%X(r)

(4)
:d[zgr)] o[dzti _, 4 ;crz)] = 2a(X()).
That is
X(At)=Ag( X(11) (5)
Seen from Eq.(5) and Eq.(2), we have:
X (t) = X(A1). (6)

Theorem 2 If the transmitted radar signal is generated Xgt) defined by Eq.(1), then the
returned signal from the moving point target cob&dsimulated by the signal generated by
X (1) defined by Eq.(2).

Proof: Assume that a point target is located at a distapdar from the radar at timé,,

travelling with a linear velocity o¥ along the line of sight of the radar. Then thegeato
target at any timeis:
I’(t) =T +V(t _to) . (7)

Without the loss of generality, we let the inittahe t, =0. The delay corresponding to the
two-way path will be

c c C

T_2r(t)_2r0+ﬁ’ (8)
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where ¢ is the light velocity. Assume that the transmittediar signal is generated by
x,(t) which is one variable oX(t). (where X(t) :[xi(t), % (1), )g(t)]).Then the returned
signalx (t) form the moving target is

e = _v( [ 2n
x(t) = %(t=7) ><1K1 Cj(t (C_ZVM- (9)

Let
A=1-(2v/c) (10)
r=2r,/(c-2v), (11)
X (t) can be rewritten as:
x(t) = % (A(t=7)). (12)

According to Theorem X (t)is the solution ofX (t), thus the returned signal from the point

moving target could be simulated by the signal gztee by)?(t).

Theorem 2 can beresented by a simple picture, Fig.1. In Fig.1, eem see that the
returned signal from the point moving target cobésimulated by another signal generated
by a similar form chaotic system which multiplieg & scaling parameter.

Radar signal source((t) - x,(t)
generated byg( X) é‘

Moving
I _______ A target
| Returned signal J—< M A/\/
L |

Radar signal sourcex(t)
I generated byAg(X) I

Fig.1 A simple illustration figure of Theorem 2

Theorem 1 and theorem 2 indicate that the scalangrpeterd in fact is the Doppler shift,

and if we could estimate the parametan the chaotic system in Eq.(2), then we can get th
target velocity by Eq.(13).

_C._
v=2(-4). (13)

3. A New Method for Estimating the Scaling Parameter

In this section, a new method for parameter esionais given. It is based on chaotic
synchronization character, but not using the omatidn algorithm in the traditional way.
Since the chaotic synchronization parameter isigessthe method in this paper is more
accurate.
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In section 2, we derived the relationship betwedsa target velocity and the scaling
parameter of the chaotic system. Seen from Eq.{h3)rder to get the target velocity, the
scaling parametet should be estimated accurately. If there i0&error inJ, the estimation
error in target velocity could be 150m/s. Thus anuaate parameter estimation method is
needed here. Though there are many parameter @stinmaethods in a chaotic system, such
as [4, 5, 12-15], the estimation is not accurateugh. So in this section, a more accurate
estimation method is proposed based on the paraseisitivity of chaotic synchronization.

The main idea of the proposed estimation methas iollows. A special interval of the
scaling parameter should be computed firstly. Tihigasy to be accomplished, since in
practice the target velocity is limited, so theiraated parameter is restricted in a small
interval according to Eq.(10). Then uniform samglis made through the special interval
with a small sampling interval. Let the returnednsil from the moving target be the master
system and let the sampled value in the speciahial be the scaling parameter of the slave
system. Because of the parameter sensitivity ofctfa®tic system, only the master and the
slave parameter are nearly matched, the synchtammzaerformance is the best. So the value
which can make the smallest synchronization esarhiosen in the interval and let it be the
estimated scaling parameter value.

In order to illustrate the method, some notatioousth be given. The master chaotic
system, which is simulated by the returned sigrahfthe moving target, is shown as Eq.(2).
The slave system is as Eq.(14).

X (1) = y F(X(1). (14)

whereyis a constant angtOT =[1-(2v,, / ©),1+ (2v,, / O] V,.,iS the top limit of the target
velocity and X (t) =[%(9, %(9,--- % (9]. X () is similar to X (t)which is defined by Eq.(2).
The difference is that they have a different sgpparameter. The scaling parameter)%)fis

A and the scaling parameteryis
The step of the new method for estimation of themeter is as follows:

1) Define the sampling interviland sampley; (i= 1,2,..N) in the special interval, where
N is the total sampling number in the small intertatt y = y;.

2) Use one component df((t), which is x(t), as the driven signal to drive the system
defined by Eq.(14).
3) Compute the synchronization error and choosevtdae yT which can make the

smallest synchronization error as the estimatidneva by using Eq.(15).

A=y=arginfx, ¢)-%,¢) (15)
where inf(x)) denotes the infimum dix), and |x(t)| = 1/<x(t),x* (t)> .

4. Numerical Simulation

In order to verify the effectiveness of the theorythis paper, simulations have been done
in this section.
Assume two leaving targets with the velocity=30m/s y,=150m/s respectively.

According to Eq.(13).
A=1-(2v,/c)=1-2x 10", A, =1-(2, /c)=1-10°
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According to the theory in section 2 we could uke signal generated by Eq.(2) to
simulate the returned signal from the moving taxgleén the transmitted signal is generated
by Eq.(1). Here the typical Lorenz chaotic systsnused for illustration and it is shown in
Eq.(16). The radar signal is generatedxmpmponent in the Lorenz chaotic system. The
synchronization error is defined as Eq.(17).

X =—0X%t0X%
X =~ %~ XX (16)
X = %%~ b,
wherecg=10,r = 28andb=8/3.
E(t) =% () - %(9. (17)

Next, the method proposed in section 3 is usedtimate the parametek (i =1,2). In this
paper we focus on the target with the velocity0im/ § —600(m/ 9] which is the interval
which contains the velocity of most targets (catanes). Thus, we let,, =600m/s. So the
small intervalT = [1- 4 x 10°, 1+ 4 x 1F]. We let the sampling interval= 10%. Using the
method in section 3 we gef =1-2.1x 107,4, =1-0.98< 10° and the synchronization error

simulation is shown in Fig.2 and Fig.3. Accordirg Eqg. (10) we us@:%(l—j) to get

V, =31.5m/s,V, =147m/s. The estimation error is small.

Synchronization Error

L L L L L L
100 200 300 400 500 600 700 800
time

Fig.2 The synchronization error of the driven-resmgmsystem; the driven system with paramétend the
response system with parameﬂir
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Synchronization Error
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time

Fig.3 The synchronization Error of the driven-resgpmsystem; the driven system with paraméi@nd the
response system with parameﬁ%r.

For comparison, we also use other methods for asitign the scaling parameter. This is
shown in Tab.1. From Tab.1, we can see that thenasbn method in this paper is more
accurate and suitable for getting the target vglo@ihe reason is that the estimated parameter
Is restricted in a special interval, thus, we caakenfull use of the chaotic synchronization
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parameter sensitivity (when the parameters in theed and response systems are not
matched well, the synchronization error is large get the estimated parameter in the special
interval, while other methods are focusing on ushmgoptimization algorithm testimate the
parameter.

Table 1. The average error of the methods in ttimason scaling parameter and the target velo@6y;
simulation experiments have been done in each rdetho

ESTIMATION METHODS | AVERAGE ESTIMATION | AVERAGE VELOCITY
ERROR ESTIMATION ERROR
The method in[4 ] 2.3x10" 34.5m/s
The method in [13 ] 3.6x10° 540m/s
The method in [ 14 ] 1.7x10° 255m/s
The method in this paper 1.3x10°8 1.95m/s

5. Conclusions

In this paper we derived the relation between tedirsg parameter of a general chaotic
system and the target velocity. What is more, a mehod for parameter estimation of the
chaotic system is proposed. We can get the tagjetity by estimating the scaling parameter
of the returned signal. Numerical simulation shahes effectiveness of the method proposed
in this paper. Notice that in this paper the ndseot considered. Here we just offer a
principle of velocity measurement and the noiselmamneduced by other methods such as the
way in [16]. How to obtain the target velocity inggneering will be discussed later.
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