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Abstract The target signal of millimeter wave (M M W )radiometer was decom— 

posed to a series of projections in orthogonal subspaces by wavelet transform． 

The features of M M W  radiometer in each orthogonal subspace were analyzed and 

characterized by neura1 network．In addition，the results of simulation show that 

the target recognition method developed by this paper is effective when the SNR 

is1nw． 

Key words wavelet transform ．M M W  radiometer signa1．feature extraction 

c1assification，neura1 network． 

Introduction 

The M M W  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 quarter． 

W ith 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 M M W  ra 

diometer extracts features of pulse duration，area，amplitude and the maximum slope of 

the signal wave t then recognizes targets through the template matching，The method is 

simple to realize，but it isn’t good at anti noise performance．W hen the SNR of the signal 

of M M W  radiometer is 1ow ，the recognition rate wil1 become bad．So we have to have 
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Tb-e- target signal of mil1imeter wa飞re (MM"\\') radîometer 胃as decom­

posed to a s eri田 of projections. In orthogonal s曰 bspaces bγ 胃avel时甘ansfûrm.

The fεatures of MMW radiometer In each 0 1'τhogonal 阳bspace were anályzed and 

cbaracterized by neural network. ln addition. 出εresults of 臼mula tion s.how t ha t 

thεtarget recognitÌon method developed by this paper ís eHεctive wh仓n the S沁R

îs low. 
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feature extractLon 噎waveletτransform.. MMW raruometer sîgnal. Key words 

classificatiofl , neural network . 
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Introduction 

The MMW passive detec句l' (radìometer) detects targets.七yusmg 乞he differencεin the 

MMW radiatmg energy between target object and background. Since tne differeπce in the 

MMW radiatin茜 rate be坤een metal object and background 阻 bíg and the passive dete口or

can overcome the flicker effect of the activεradar in c lose qua口er ， the MMW radiometer is 

adapt舍d for detεcting th会 metal target in dose 号 uarter.

Wíth the devξlopment of mooern 飞.v ar.. 由e detector 扭扭quired to detect the existence. 

posÎ tÌon.. movìng orbi定 as well as the das s.ification of targe乞 S ，

diometerεxtracts. feat盯es of p址l :se duratÌon. 盯四. amplitude and thεmaximum slope of 

the signal wave" then recognizes. t盯gets through the tεmpla坦 matchîn窑， The method is 

simple to rea Iîze ~ but it i s.n 气 good at antl-noi :se performancε. When the SNR 01 τhe sîgnal 

of MMW radio17主时时 Îs low ~ the recognition ra坦白II become bad. 50 we havεto have 

τhe traditional MMW ra 
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s0me addit1ona1 conditions，such as the scope of height，in application．Thus，the recogni— 

tion rate must be improved ． 

In this paper，an extracting method of the signal feature vector is presented to com 

ress the data and reduce the noise，according to the capability of space decomposition of 

wave1et transform ．Then the classifier of Bp neural network is constructed． Because of 

E0od fauIt—tolerance and robust of neural network，the classifier developed by the authors 

not only is robust to signal dist ribution and noise，but also has high speed of recognition 

and the sreall size memory of system．The result of simulation to the signal of SNR= 3dB 

shows that the method is effective． 

1 W avelet Transform Based Feature Extraction 

The definition of discrete wavelet transform (DWT)for the signal，(月)is 

DWTj[j， ]一2。。 莩，(”) i J． ∈z (1) 
where (”)is the wavelet function． 

W hen gZ(n)is a compact—support orthogonal wavelet which was proved and construct一  ̂

ed by Deubechies，Eq．(1)decomposes f(n)into a series of projections in orthogonal sub— 

space· 
● 

The key to the target recognition is feature extraction． There are many methods of 

extracting 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 redundancy of each component． 

Let wavelet function be the compact function constructed by Daubechies．One of the 

M M W  simulation signal wave without noise is transformed to four classes．So the signal is 

decomposed to five orthogonal subspaces． In order to find the distribution of the signal 

feature in each subspaee，the following method is adopted．Setting the decomposition sig— 

nal at certain 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 signa1．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 Dl sub一 

space，a little more information in D2、D3 subspaces，and the main information is in D 、A{． 

In this paper，D4 f、A4 f and the energies of Dz f、D3 f are combined into the feature 
—  

vector T ： 

亍：{D ．．，D4．。⋯ ．，D 
． 

，A ． ，A ． ⋯ ．，A ．M，一Da，一D } 

where M — N／16 N is the number ot samples ot original signal 

戡  
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In t扫 ìs paper! an ext自由ing method of the sÎgnal fεature vect叮 ís presented ({1 C'om 

ress the data and reduce the noi吨司 aC('{lrdìng to the capabihty of space decomposltion of 

飞.vavelet transfoTt玄1. Then the classìfier of Bp neural network i~ construc出d.

good (ault-toleranc夺 and robusτo{ neural net飞......ork.. the dassifier d e-veloped by the aut妇ors

nv专 only is rohu雪艾 to signal distribution and noisε. bu[ also has high speεd of recognîtion 

and the s阻all size memory of sys坦rn. Tne re阳lr of 日mulatìon to thε 引gnal of SNR= 3dB 

shows 出时 the 缸民hod is effe-cdve. 

Because of 

, 

Wavelet Transform 8ased FeaturεExtraction E 
a也

The definition of discrete 田的'丛白白ansfonn tDWτ) fm tne signal ft n) is 

DWTÆ川 = 2-]l";;~f(叫巳仨二 a 
(]) j.k εZ 

也

where 'P(n) is the wavel时 function.

Wnen 可p'( n) is a compact-support orthogonal wa飞吧let 胃nÎcn 百as proved and cons乞ruct

ed by Deubecnies. Eq. (1 ) decompos臼 f(n) Înt{l a series of projectÎnns in orthogonal sub-

• 

唱

iTiti! 

" 

J‘ 

space咽

τhe key to thε 归rget recognition l~ feature extractÎoll.τhere are many methods of 

extracting feat盯es. In t坠is paper. target signal is decnmposed into projεction in a 目ries of 

or乞hurgnal subspace.. 也en the features {lf each subspac舍 are extracted and combined into a 

target feature vectoT.τhis metnocl makesτeasy to extract features and the features are 

relati\'电 ly concìse anà 挝curate he-cause τhere is no redundancy of each ('0把ponent.

Let wavelet function bε 出e compact functÌon con.s tructecl by Daubechie-s. One of t: he 

MMWsimul剖ion sìgnal 咽rave 百ithou( noise 1S trans{o-r阻ed to four dasse-s. 50 飞he 日军nal Ís 

decomposed to {ive orthogona 1 suh~pac凹. In order to find the distrihution of the signal 

feature in each suhspa白， the following method is aclopted. Se在 tÎng the decomposition sÍg­

nal at certain 1evel to be zero 哩 whiJe keepìng other~ unchanged ~乞hen a signal 百ave is re­

c-onstructecl ~ whìch ís sho飞.....n in Fig. L Acc-ordìng to the 10ss of reconstruction sígnal. 飞H

can thinl是由at the Iεss the loss 't主he less info主mat1Dn 出e- component has , and vice- versa. 

so we c-an thinkτhat according to F堪.1.主here IS Ii乞 tle informa口。n of 乞arget in DI su七

space 雹 a little more- information in D:! 、 D:;su七spaces. and the 四aín informatÌon is in D4 、A，.

In this pap肝. D, f、A， f and tne energies of D , j 、D， f arε c-ombinecl into the {eature-
唱，4 

ve-c- tor T ~ 

T= {DιJ 't D4 . '2 咽.. .电 D4 .M .A4 . J ~A4 ，':: 哩... .A是 M~DJ 't Dz } 

」

飞，，，nere M =N 11 日， ~ is 是he number of sa阻pl号S of original signal. 
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Fig．1 The 

(a)original signal，(b)reconstruction when Dl，=0，(c)r~eonstraction when D2 f=o 

(d)reconstruction When D ， 0，(e)reconstruction when D ，一0． 

(f)reconstruction when A{f=0 

图 1 毫米 波 辐射计 信号 重建 情况 

(a)原始信号，(b)D ／=o时的重建情况 ．(c)D ，一。时的重建情况， 

(d)D ，一0时的重建情况·(e)D4， O时的重建情况 ，(f)A、，一O时的重建情况 

In fact，the information Of D4_厂-_A{_厂is the same as that Of A。 It is heneficia1 to 

later recognition that A s f is divided into approximate sector Aj f and detailed sector D f． 

On the other hand，because DI f has little information，the feature rector T hasn’t the in— 

formation of DI suhspace．So T hasn’t noise in D】
． In the same way，the noise of D，、D3 

can be well depressed． 

The target signal is sampled into 128 points，as Fig．1 shows，The Ref．_4]pointed 

OUt that the peak of signal corresponds to the antenna aiming at the center of target
． In 

practical application，the decision must he made as soon as the antenna aims at the center 

of target，and the first half part of the waveform contains the whole informarlon because 

of the symmetry of the waveform．So we can analyze only the 64 points in the first haif 

part of waveform to extract the features．And the method not only is reasonable
， but a1so 

can compress the data． 

The 64 points in the first half part of waveform are transformed into four levels bv 

DWT-Thus N一64，J=64／1 6=4，and D‘f、A‘f havefour points，respectively
． The en— 

ergy of D2 f、Da f is one—dimensiona1．So the feature vector is 10一dimensionai，which is 

proved effective by the following neural network classifier
．  
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40 80 120 0 40 80 
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Fig. 1 The reconstructlon of th仓皇.. 1MVil radíUIDefer :,.ignaì 
(a) oIiginal slgna1.. (bJ recon时ruction whe丑 D 1 f =(1. k) .recon!>truCtlon when [); j ={I. 

<d) recons叮uction when Dl f = O. (e) .recηm.>tructLon when Ðl l=o 咽

(f)reεunstructíon when A~ f=。

图 l 毫米接辐射计信号重建情皮

'a) 盟主始信号，也) D ， f~。对的重建情况咽 Cd D: J=O 时倒重建情况.

(d) D二 f~O 对能重建情况雹 (e) D..! f=O 时幸亏重建清反. (f) A. J~O ff才揭重建f雪混
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]n fact , the inforrr王ation of D , f -, A , f is the saffie as that of A. f. It is bεnefidal to 

later rεcognitîon that A~ f Îs dividεd into approxima桂 sector A4 f and detailed secto玄 D， f.

On thεother hand , because Dt f has littJe information.. tl>e feature vector T hasn' 拿出ε Jn-

forma口on of Dt subspace. So T 主asn飞 noíse iTI D 1 " 

can be well depressed. 

E口乞he same way. thεnoise of D~ 、 D ，

The target signaJ is sampled Înto 128 points 喳 as Fìg. 1 shows. The Ref. [4J 阳2时ed

out t且at the pea祉 of signal corresponds to the antenna aiming 8tτhe center of target. ln 

practiC'a1 app1ication ，由edεclSlÛn must 岛e made as soon as the an乞enna aims at the C'enter 

of target , .nd the fìrst h.Jf part 01 thεwaveform contains the who1εinformatÎon beC'ause 

of thεsymmetry of 自εwaveform. 50 we can snalyze on1y the 泌 points in the fírst half 

part of waveform to ext玄act the features. And the method not on1y is reasona ble. but a180 

can compress t且e data. 

DWT. 

Thε64 poinτs in the first half part of waveform sre transformed into four 1evels by 

The en Thus N~ 邸. J=64/16=4. and D.f、 A~ f have four points ", respective1y 

ergy of D, f毛 D3 f is one-dimensìona l. 50 the featurεvector is lO-dimεnsiona1 ， which ís 

proved εffective by thεfollowing neura1 network dassifier. 

J 
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2 Neural Network Classifier 

According to the principle of radiometer，the waveforms of the radiometer are simu一 

]ated[4]．The radiometer signal parameters are defined as follows： 

(1)The angle (8)between the scanning line and target， 

(2)The deviation (d)between the scanning line and the target’s center， 

(3)The distance (D)between the radiometer antenna and the target， 

(4)The target s size (s)． 

The radiometer signal is studied when 0 is 0。．30。，4j。．60 ，90。，respectively，d is 0，0． 

25m ，0．5m ，respectively，D is 30m ，40m ．50m ，60m ，70m ，80m ．90m ，lOOm ，1tom ，120m ， 

respectively，and s is 3m×5m、4m×6m、5m× 7m ，respectively．All the interference signal 

is simulated by Gauss white noise and superimposed on the ideal signal to obtain the ra— 

diometer signa1．One of the simulated radiometer signal for which SNR is 3dB is shown in 

Fig．2． 

Fig．2 Three kinds of sighal of M M W radiometer(SNR= 3dB) 

图 2 3种 毫米 波辐 射计 信 号 (SNR=3dB) 

The eonstant false alarm rate(CFAR)is used in detecting target in cluster noise．The 

approach used frequently is the moving—window—detection．The moving—window detection 

method decides detecting threshold by the difference of neighborhood samples，which is 

realized simply in real time． 

After extracting features of target，many classification methods can be adopted
．
The 

nearest—neighbor method is orle of the simple ones．Setting the templet to be the mean vee 

tor in a certain height．Then the result of recognition is shown in Table 1，according to the 

nearest—neighbor method rule．The result is not good because of the disDersion of wave 

form．The neuraI network is adopted as follows． 

Neural network computation is a distributed process，in which all the neurons oDerate 

in parallel，thus it has fault tolerance and robust．So it can av。id iarge size mem。rv 。f the 

system caused by the small section of distance(H)．In addition，neuraI network can adapt 

维普资讯 http://www.cqvip.com 
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2 Neural Network Classifier 

AcC'ord.ing 抽出e principle of radiometer ,. thεwaveform~ of τhe radìometer art" simu 

lated [4]. The radio四eter signai parameters are defined as follows: 

(1 )τhe angle HH between the scann.ing )]nεand. targeτ ， 

(2) ThεdevÌa主100 (d) between the s C'anmng line ancl the 坦rg时l' S center .. 

(3)τhe d ‘istance <D) between the radiometer antenna and the targ肘，

(4) The targe专雹 s sÍze (sL 

τhe radiometer signa) 18 studied when e ls 0".30 0 ..45。喃自扩 .9Ü气 respεctive)y. d 18 队队

25由气 Q.5白电 resp四tively 电 o lS 约m.4白白吨 50m电t3Qm ，. 70阻 .80四‘♀白白电 100m • 110m. 1 主Om龟

respectl飞，ely 咽 and S 153mλ5m~4m ，κ6m.5mλ7血~respectlvεiy. All the interference s >gnal

1S simulated by Gauss white nOlse and superi臼posed on the ideal signal to obtain the ra 

diometer signal. One of the sìmula恒d radiometer :úgnal for which SNR is 3dB is 企Qwn lD 

Fig , 2. 
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τhe constant false al盯m rate(CFAR) i5 used in det时乞mg 臼rget 1n duster noise. The 

approach llsed frequently ìs the moving-wìndow-detection. The moving-wlndow-detection 

method decides detecτlng thrεshold by the dífferencεof neígf由orhood sampl臼雹 whìch ís 

r专alized simply 1n real time. 

After exr.racting features of target. many dassification methods can be adopted.. The 

nεarest-neighbor method 1s one of th~ simplεone~. Sett1ng the templet to be the mean veε­

tOr 1n a certaln height. Then the result of recognitÌon is shown 1n Table 1. according to the 

nearest-neighbor met hod rule 咽 The resulτis not goo& because oí the dìsper~ion of wave­

form.τhe neural network is adopted as follows. 

Neural nεtwork computation i :s a d.ìstributed. process. in which all the neurons ope.rat芒

ín parallel. 也us ìt has fauh tole.rance and. .robust. 50 泛 can avoid large size memory of thε 

sy时em caused by 出e small .section of dis乞ance (H) , 1n additíon. neural 出twork can ad.apt 
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itself tO the dispersion of waveform caused by angle，deviation，distance and noise． 

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 lea 

ture vector and that of output layer is chosen according tO the kinds of targets·respective— 

ly．The neuron num ber of hidden layer is experimentally defined． The neuron activation 

function is typically a smooth one．e．g．the Sigmoid function l厂( )． 

几 )一 

Here．some waveforms are used tO train the neura1 network and Others are used tO test the 

result of target classification as shown in Table 1． 

Table 1 Classification results of lhree kinds of targets 

表 1 对 3种目标的分类结果 

the㈣ st—neighbor method 

Bp neural network 

38 00 

93 33％ 

44．67 

98 67％ 

42．67 

95．33 

41 56 

95．5E ％ 

According tO Table 1，the neural network classifier is obviously better than the near 

est—neighbor method．Comparing the method in Ref．E41，the method developed in this pa 

per not only overcom es the limit tO the distance between the radiometer and target．hut al 

SO improves the recognition rate． 

3 Concluding Remarks 

Signal analysis and feature extraction are the key problems of M M W radiometer
． 

Neural network and wavelet theory are introduced tO the target classification of M M W  ra— 

diometer in this paper．W ith the development of the neural network and wavelet the。ry
． 

the target classification method obtained in this paper will be developed further and be 

comes more perfect． 
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ture vec乞or and that of OUτput layer i8 chosen according to the kinds of targets. respectiv.舍­

ly.τhe neuron numb臼 of hidden layer isεxperimentally deflned. The neuron ac t1vation 

function is typically a smooth one.. e. g. the Sigmoid function fc.r). 

fCr) ~ 1 
1 - , 

Here.. some wa飞吧fo口ns are used to train the neural netwo.rk and others are used τ。 回st t七e

result of target classificatìon as sho飞，Vll in Table L 

method 

τ曲le ] Classificati盹 results of thre l' k扭曲。f targets 

襄 I 对 3 事'目筝的分牵挂结果

立且rget
3血、 5m 4日1 ~ 6m 。m' 7m 

由e nellrest-n lÕ'ighhor mf'thod 3ö.()U 扫1 44. 忘7 巳2 42. 67~"1。

ßp 叽轻u:rai netwo:rk 93. 33~'" 9~. f.T% 95. j. 3~'[ 

Z犁 <:'rage

reco居muo:::;

4]. 56 1,>] 

%.5~'ι， 

According to Table 1. the neura] net宵。rk classifi臼 is ob....iously het恒r than 也e near­

est-neighhor met扣。d. Co阻p.ring the method ín Ref. [4]. 也e methocl developecl in this pa 

p盯 not only ove.rcomes the limit to the dj目ance between the racliometer and targ肘. bur al­

so lmproves 支he recognition ra乞已

3 COllcludillg Remarks 

Signal analysis and feature extraction arεthe key problems of MMW radíomet臼­

Neural netwo.rk and wavelet 油田ry a .re introduced to the ta .rget c1assificatÎon of MMW ra­

diometer in this paper. With 也e development of the neu .ral network and wavelet theory. 

the target clas.sification method ohtained inτhis p.per wíll be developed funher .nd be 

com臼 more p时fect
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弋 0 

T f 
摘要 本文采用小波变换把毫米波辐射计的目标信号分解刀一系列正交子空I川上 

的投 影 ，利用重构矩 法分析信 号特征 在各 子空间的舟布，依次提取各 子空 上的特 

征，然后融合这些特征，组成特征矢量．采用神经网络对 目标信号特征矢量进行建 

模．用此方法对低信噪比的毫米溲辐射计的信号进行仿真试验，结果表明该方法克 

服了传统方法对噪声和目标信号散布的敏感 ，取消了对 目标和辐射计天线之间距 

离的限制，与最近邻法相 比，该方法大大提高了识别率． 

关键词 小渡 变换 特 征提 取 ，分类 ，神经 网络 
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携妻 丰主示后|、放~挟iE宅叶飞炎辐鲁吉 1十拎到怀信号兮解-q一革罗1] 正交子空 )0) 土

约投影.科 m 重稳矩法分析信号午辛辛E在各子空间主专"J-布，棕皮提取各子空 i司上去?特

征，煞后融合这些特征，组成特娃矢量.采琦神经坷络对 E 荐信号特征矢量进iT建

摸.!l1此方法对低信嗓兑的毫最波辐射计的第号进行彷革试验.结果表观注方法克

思?斐统方法咛古是声和目标信号散布的敏感.取消了才吕标和辐射计天线之泻距

离的摄制，与最近邻法把比.该方法太大提离了识 ßI] 率.
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