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Abstract

This paper presents a classification method which
discriminates between two radar transmitters based on
the received pulses. A simple radar transmitter model
is presented to which a non-stationary signal classifier
is applied. The classifier is a support vector machine
which is applied to the radar pulse’s time-frequency rep-
resentation. The time-frequency representation is re-
fined using particle swarm optimization to increase the
classification accuracy. The classification accuracy is
tested in an additive white Gaussian noise channel. An
acceptable classification accuracy is reported for com-
ponent tolerances as small as 2% on the transmitter’s
modulator.
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1. Introduction

With radar transmitter classification the classifier needs
to distinguish between different radar transmitters of the
same model and manufacturer based on the received pulses.
The differences between two radar transmitters of identical
model and make may be due to component tolerances in the
pulse forming network (PFN), tolerances on the oscillator
and small load mismatches between the oscillator and the
antenna. Changes for this signal oceur in both time and fre-
quency which makes the classification challenging. A sig-
nal classifier and a radar transmitter model are presented in
this paper. The classification performance on the model in
an additive white Gaussian noise (AWGN) channel is given
in the final section.
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2, Signal classifier

The classifier is based on the classifier described in [1]
with several sigmificant changes. The classifier calculates
a time-frequency representation (TFR) of the radar pulse
which is used as an input to a support vector machine
(SVM). The time-frequency representation is refined based
on the expected classification performance.

2.1. Time-frequency representation

The time-frequency representation was calculated by us-
ing a Cohen class TFR. This is defined for the signal z (¢)
as [2]

cte.n= [ [ Aensenen M

where ¢ (£, 7) is the kemnel function. The above TFR was
normalised before classification as [1]
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The narrowband ambiguity function is defined as

NCE(t, f) = (2)
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The kernel function defines the properties of the result-
ing distribution and several common distributions (such as
the Wigner-Ville distribution) can be obtained for specific
kernel functions. The radially Gaussian kernel function is
defined as [3]

()
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where § = arctan (%) The function o (8) is the spread

function that completely defines the radially Gaussian ker-
nel. Thus the search for the optimal kernel 1s equivalent to
the search for the optimal spread function. To ensure that
the resulting distribution is real the kernel function must
satisly ¢ (£,7) = ¢* (—&,—7). This requirement is met
for the radially Gaussian kernel if the spread function is -
periodic. Another desirable property of the kernel function
18 to be smooth [3]. This can be accomplished by requir-
ing that the spread function is both continuous and differen-
tiable.

A Bernstein expansion was used as a spread function (as
opposed to the truncated Fourier series used in [1]). It was
found that the optimization with particle swarm optimiza-
tion (PSQO) was faster than the truncated Fourier series case.
The Bernstein expansion is defined as

B, (1) = Zr@z’Bi,n (t) (5
=0
where the Bernstein polynomials are
1 i n—1
Bi,n(t)=<é>t(l—t) ) (6)
The spread function is therefore
[ Bn(8/m) 0<a<nr
0(9)_{871(9/#71) T <27 )

To ensure that the spread function is smooth (continuous
and differentiable) the following linear constraints on the
Bernstein coefficients must be met

,80:671
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2.2, Criterion function

The v-SVM was used as a classifier. The discriminant
function is defined as

£
g (x) = ok (,%;) + b (10)
=1

where % (x,x;) is the SVM kernel function. The class la-
bel will therefore be sgn (g (x)). The advantage of using
a v-SVM formulation over the standard C-SVM is that the
choice of the i parameter is more intuitive. The v parameter
1s usually set to the expected error rate [4]. The Gaussian
radial basis function kernel for the SVM is given as

|xs —x;°
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The parameter vector @ = [3p 51 ... B o] needs to be
optimized for the classifier (if a linear kernel function is
used o 1s omitted). The output of the SVM is modelled as a
Gaussian distribution (the normal assumption is supported
in [1]). The training set O is randomly divided into two
sets Op and O — the (p, set 15 used to train the SVM and
the O set 1s used to evaluate the performance. The proba-
bility of error for this is

K (6|01, 00) = % + %erfc (Jg;— )
- 12
flech —Bt =
1\ g,

Where p—, py, o_ and ¢ are the mean and standard
deviation for the positive and negative classes in O respec-
tively. The above procedure is repeated R times and the av-
erage is taken as the final criterion K (8| On) [1]. When the
optimal value for the parameter vector is found the SVM is
trained on the full set Q.

2.3. Particle swarm optimization

Particle swarm optimization was used instead of a local
search algorithm to calculate the optimal parameter vector
for the criterion function. x; (¢) is the position of the ith
particle at timestep ¢. The global best PSO is performed as
follows [5]:

1. Imtialize the swarm of particles so that each particle
X (t) is random within the search space (at ¢ = 0).
2. Evaluate the fitness function of each particle at its cur-
rent position: f (x; (3)).
3. Calculate the best individual positions. Tf f (x; (¢)) <
phest; then pbest; = f (x; (¢)) and Xppeqr, = X4 (2).
4. Calculate the global best value. If f (x; (¢)) < ghest
then ghest = f (x; (1)) and Xgpesr = Xz (2).
5. Calculate the velocity vector for each particle:
Vi (t + ]-) =wWVv; (t) + M (Xpbest — X3 (t)) (13)
+ P2 (ngest — X4 (t))
6. Update the position of the particle based on the veloc-
ity.
X; (t+1) = X; (t)+Vi (tJrl) (14)
7. Check if the convergence criterion is met - if not, go to

step 2.
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In general a set of linear equality constraints on the opti-
mization problem can be expressed as

Ax =b (15)

If the initial particle positions satisfy the constraints and
the initial velocity is zero then multiplying the velocity up-
date by A gives

Av; (t) =Awv; (t — 1) +m (Aprest — Ax; (t))
+ 72 (Axgbest - AX'I, (t))

which is zero. Any solution obtained by the PSO is thus

feasible if the starting particles were feasible. This allows

the constraints on the Bernstein expansion to be used with
no additional overhead.

(16)

3. Transmitter model

A simple transmitter model was created that consists of
a pulse-forming network and an oscillator. The transmit-
ter model is not intended to be representative of all types
of pulsed radar transmitters, its main use 1s to test the per-
formance of the classifier. The only differences modelled
between two transmitters are the tolerances on the compo-
nents in the PFN.

I Ly L

T

Figure 1. Structure of a pulse forming net-
work

The current and voltage relationship in a magnetron is
highly non-linear. The current through a magnetron is small
until a certain voltage (Hartree voltage) is reached [6]. The
current and voltage characteristics can be modelled as an
ideal biased diode [ 7]. A Guillemin E-type network is illus-
trated in figure 1. This network is charged to a voltage V'
and then discharged into a load at voltage % For this type
of network all the components are designed to have identi-
cal values. The design equations are readily avaliable (e.g.
[6]. [7]) and will not be repeated here.

The system can be represented as a system of nonho-
mogeneous differential equations when the applied voltage
v (¢) is higher than the turn-on voltage of the biased diode.
A pulse-forming network with n sections can be modelled
by a system of equations of the form

x=Ax+b a7n

where

i (t)
V1 (t)
iz (t)
vz (1)
in (1)
L v (t)
The notation for the the currents and voltages is as fol-
lows; the current flowing through L is 2; (¢) and the voltage
across Cy is vz (£).
The constant matrix for a 3 section PFN is

(18)

R 1
- -4 00 00
& 0 - o 0 0
o X o - o o0
A=l o G 2 0 1 oo |
; 1 g 1
0 0 a s (lJ -
0 0 0 0 o 0
and the nonhomogeneous term is
v T
b=[% 000 00 ] (20)

The solution of the system is

X (t) = cle}‘itul + CQEANUQ 4+ ...+ CQHEA%“tUQn — Ailb (21)

where A; and u; are the eigenvalues and eigenvectors of A.
The constant values ¢y, c3, . . ., o, are calculated from the
initial conditions (1.e. fully charged network).

The oscillator was modelled as a cosine signal of ran-
dom phase with a small amount of frequency pushing. Fre-
quency pushing occurs when the oscillating frequency in
some oscillators (such as magnetrons) is dependent on the
input current [8]. The frequency pushing was modelled as
the input current multiplied be the pushing figure (MHz/A)
over a small range of currents. The power of the oscillator
1s directly proportional to the power dissipated by the ideal
biased diode model

4. Results
4.1. Chirp signal

The classifier was tested against the chirp classification
problem presented in [9]. The classifier was trained with a
100 chirp signals equally divided between the two classes.
Each chirp signal contained 128 samples and the analytic
form of the chirp signal was used. The performance is sum-
marized in table 1. As can be seen from the results, the
changes made to the original algorithm improved the re-
sults.
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Table 1. Error rates on the linear chirp classi-
fication problem

Classifier Error rate ‘g
Optimal kernel [9] 2.25% g
SVM with linear kernel [1] 1.98% i
SVM with linear kernel & PSO (this paper) 1.59% £
SVM with RBF kernel [1] 1.40% =z
SVM with RBF kemel & PSO (this paper) 0.93% g

4.2. Pulse in an AWGN channel

B g
SMR [dE]
A series of 1us pulses was generated by the transmitter
model with a 7 section pulse forming network. The signal Figure 3. Classification accuracy for a 5% tol-
was downmixed to an intermediate frequency and sampled erance in an AWGN channel
at 128 samples per pulse. Additive white Gaussian noise
was added to the training vectors to achieve an SNR of 20dB
in the 2% tolerance case and a SNR of 10dB in the 5% tol- References
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