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Abstract  The target signal of millimeter wave {MMW ) radiomerer was decom-
posed to a series of projections in orthogonal subspaces by waveler transform.
The features of MMW radiometer in each orthogonal subspace were analyzed and
characterized by neural network. In addition. the results of simulation show that
the target recognition method developed by this paper is effective when the SNR

is low.
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Introduction

The MMW passive detector (radiometer} detects targets by using the difference in the
MMW radiating energy between target object and background. Since the difference in the
MMW radiating rate between metal object and background is big and the passive detector
can overcome the flicker effect of the active radar in close quarter, the MMW radiometer is
adapted for detecting the metal target in close guarter.

With the development of modern war, the detector is required to detect the existence.
position, moving orbit as well as the classification of targets, The traditional MMW ra-
diometer extracts features of pulse duration, area. amplitude and the maximum slope of
the signal wave. then recognizes targets through the template matching, The method is
simple to realize. but it isn’t good ar anti-noise performance. When the SNR of the signal

of MMW radiometer is low, the recognition rate will become bad. So we have to have
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some additional conditions . such as the scope of height, in application. Thus,the recogni-
tion rate must be improvedt..

In this paper, an extracting method of the signal feature vector is presented o com-
ress the data and reduce the noise. according to the capabihity of space decomposition of
waveler transform. Then the classifier of Bp neural network is constructed. Becawse of
good fault-tolerance and robust of neural network, the classifier developed by the authors
nat only is robust 1o signal distribution and noise. but also has high speed of recognition
and the small size memory of system. The result of simulation to the signal of SNR=3dB

shows that the method is =ffective.
1 Wavelet Transform Based Feature Extraction

The definition of discrete wavelet transform ({DWT? for the signal fin) is

T — . 1Y
DWT,[j,#] = 275 fouy| & k-2 JEEZ (1)

27 !
whete ¥{n? is the wavelet function.

When ¥in) is a compact-support orthogonal wavelet which was proved and construce-
ed by Deubechies, Eq. (1) decomposes fin} into a series of projections in orthogonal sub-
space.

The key to the targer recognition 1= feature extraction. There are many methods of
exiracting features, In this paper, target signal is decomposed into projection in a series of
orthorgnal subspace, then the features of each subspace are extracted and combined into a
target feature vector. This method makes it easy to extract features and the features are
relatively concise and accurate because there is no redundanecy of each component.

Let wavelet function be the compact function constructed by Daubechies. One of the
MMW simulation signal wave without noise is transformed wo four classes, So the signal is
decomposed to {ive orthogonal subspaces. In order to find the distribution of the signal
feature in each subspace, the following method is adopted. Setting the decomposition sig-
nal at cereain level to be zero . while keeping others unchanged. then a signal wave is re-
constructed . which is shown in Fig. 1. According to the loss of reconstruction signal, we
can think that the less the loss, the less information the component has, and vice versa.
So we can think that according to Fig. 1. there is little information of target in D, sub-
space. a little more information in D, .I3; subspaces. and the main information is in D, . A,.

In this paper, Dy £.A, f and the energies of D, #.D. f are combined into the feature
vector '}:
T= {Dg.] + D.g,g [ 1D4_;4,A4.; -A4_: PR ‘A,“_vgqﬁa,ﬁz}

where M=N/16, N is the number of samples of original signal.
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Fig. 1 The reconstruction of éhegMMW radiumerer signal
¢a) ariginal signal. ¢b) reconstruction when I}, F=9. () reconstruction when I3: 7 =10.
{d) reconstruction when I3; /=0, (e) recnmstruction when [, f=0,
{{ireconstiruction when A, f=0
Bl EXHENTESTERER
a) BBES, O D =0 HHNEEEL. (o) D f=0 HATEELR.

(D f=0FMESZERL. OD ~0HNPNERHE. (A /f=ONKEEFL

In fact, the information of I, f—A, F is the same as that of A: #. Tt is beneficial to

later recognition that A; f is divided into approximate sector A, f and detailed sector D, £
On the other hand, because I, f has little information . the feature vector 7 hasn’t the in-

formation of IJ, subspace. So '} hasn't noise i 13,. In the same way. the noise of 12, D),
can be well depressed.

The target signal is sampled into 128 points. ss Fig. 1 shows. The Ref. [4] pointed
out that the peak of signal corresponds to the antenna aiming at the center of targer. In
practical application. the decision must be made as soon as the antenna aims at the center
of target, and the first half part of the waveform contains the whole information because
of the symmetry of the waveform. S0 we can analyze only the 84 points in the first hali
part of waveform to extract the features. And the method not only is reasonable. but also
can compress the data.

The 64 points in the first half part of waveform are transformed into four levels by
DWT. Thus N=64. J=684/16=4, and I, f.A, f have four points, respectively., The en-
ergy of D: f.D, f is one-dimensional. 30 the feature vector s 10-dimensional, which is

proved effective by the following neural network classifier,
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2  Neural Network Classifier

According to the principle of radiometer, the waveforms of the radiometer are simu-
lated [4]. The radiometer signal parameters are defined as follows:

i1} The angle (§) between the scanning line and target.

£2) The deviation (d} between the scanning line and the target’s center.

{3} The distance {ID} bhetween the radiometer antenna and the target,

(4} The target’s size (s).

The radiometer signal is studied when 8 is 0°.30°.43°,80°.99°, respectively. d is 0. M.
25mi. 0. 3m. respectively, [ is 30m . 40m.50m . 60m, 70m.80m . 90m. 100m . 110m. 120m.
respectively, and s is 3m X 5m.4m < &m.5m < Tm.respectively. All the interference signal
iz simulated by Gauss white noise and superimposed on the ideal signal 1o obtain the ra-

dicmeter signal, One of the simnlated radiometer signal for which SNR is 3dB is shown in

Fig. 2.
i 8,21 i
- (3) = {b} . le)
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Fig. 2 Three kinds of signal of MMW radiometer (SNR=3d5?
Bz IHERFEEHHES (SNE=3dR)

The constant false alarm rate (CFARY) is used in detecting target in cluster noise, The
approach used frequently is the moving-window-detection. The moving-window-detection
method decides detecting thresheld by the difference of neighborhood samples. which s
realized simply in real time,

After extracting features of target, many classification methods can be adopted, The
nearest-neighbor method is one of the simple ones. Setting the templet to be the mean vec-
tor in a certain height. Then the result of recognition is shown in Takle 1, according to the
nearest-neighbor method rule. The resulr is not good because of the dispersion of wave-
form. The neural network is adopted as follows,

Neural network compatation is a distributed process, in which all the neurons operate
in parallel, thus it has fauit tolerance and robust. Se it can avoid large size memory of the

systemn caused by the small section of distance (H). In addition, neural network can adapt
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itself to the dispersion of waveform caused by angle. deviation, distance and naise.

Since it is simple and easy to realize. the three-layer feed-forward network is used in
this paper. The neuron number of input layer is defined according to the dimension of fea-
ture vector and that of ourput layer is chosen according to the kinds of targets . respective-
ly. The neuron number of hidden layer is experimentally defined. The neuron activation
function is typically a smooth one, e. g. the Sigmoid function fix).

1

f{l‘):i—_—;—r

Here . some waveforms are used to train 1he neural network and others are used 1o test the

result of target classification as shown in Table 1.

Table 1 Classification resuits of three kinds of targeis
1 HIHEERSHRER

BYETOHE
target dm - 5 Am ~ Hm Sm - Tm
method recogmuon
the nearest-neighbor method 2R Luky 44.575%% 42,670 41, 38%
Bo neural nevwosk 93. 33%. G5, 67 95,33 Y% $5. 5%,

According to Table 1. the neural network classifier s obviously better than the near-
est-neighbor method. Comparing the method in Ref. (4], the method developed in this pa-
per not only overcomes the limit to the distance between the radiometer and target. bur al-

so improves the recognition rate.

3 Concluding Remarks

Signal analysis and feature extraction are the key problems of MMW radiometer.
Meural network and wavelet theory are introduced to the target classification of MMW ra-
diometer in this paper. With the development of the neural network and wavelet theory,
the target classification method obtained in this paper will be developed further and be-

comes more perfect.
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