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ABSTRACT

Life parameterssignal has characteristics of extremely low frequency, low
signal-to-noise ratio, and the easy submerged in strong clutter noises.
How to extract the characteristic parameters of lifeisaproblem. Thiskind
of problem can be widely used in non-contact medical ward, and also puts
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forward anew direction for weak signal detection. Themethod for detecting
life signal based on fuzzy neural network, which is proposed via taking
full advantage of processing fuzzy information of the fuzzy pattern
recognition and self-learning of the neural network (NN) pattern
recognition. Simulated results show that the method not only can
completely descript life signal sin the time-frequency domain, but improve
the signal-to-noiseratio and the ability of detecting algorithm. Moreover,

the method is effective and practical.
© 2013 Trade SciencelInc. - INDIA

INTRODUCTION

In signal processing area, peopleoften used to hy-
pothesissigna sor noiseto obey the Gaussian distribu-
tion, but Gaussian distributionisjust oneof the many
distribution types, the non-Gausssignasismoregen-
era signdl, in actua work, often havetofacealot of
non-Gauss an, non-minimum phase, the cause and ef -
fect, the non-stationary with the problem.

The merit of fuzzy pattern recognitionistheability
of fuzzy information processing or uncertaininforma:
tion processing, and the advantage of NN pattern rec-
ognitionisthesalf-learning capability and theautomatic
recognition, So combining thefuzzy methodandtheNN,
anew FNN pattern recognition method is proposed

for automatic processing thefuzzy informétion. Because
of themethod can very well display their respectivead-
vantages. In this paper, a FNN pattern recognition
methodisput forwardto recognizethenoisesignd, which
need not assumetheunknown signd with Gaussandis-
tribution, canextract lifecharacterisicsgnd.
Theagorithm can to ded withthesimulation ex-
periments show that themethod need not bewaitingin
thesignal of the prior knowledge, can extract life pa-
rameterssignal drown in strong clutter noises. A con-
clusionthat themethod isfeasibleand effective.

FUZZY NEURAL NETWORKS

Fuzzy neural network isusudly defined asthe NN
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whichintroducethefuzziness conceptsand fuzzy rea
soning, or thefuzzy system based onNN. Theformer
introducefuzzy dementto NN, and itimprovestheabil-
ity andflexibility. Therearetwoforms. fuzzy operator is
introduced into the NN and thefunction of NN isfur-
ther increased by fuzzy logic. Thelatter redizefuzzy
system by the connection structure of NN; meanwhile
according to self-study ability of NN, it will beused for
the parametriclearning of fuzzy system.

Thispaper adoptsaFNN method: it expressesthe
fuzzy system by the connection structureof NN, mean-
whilerealize the parameter optimization of thefuzzy
system rules by the self-learning function of NN. As
mentioned abovethe NN isnot ablack-box, that all
nodesand parametersof the NN have certain signifi-
cance, that isto say that it hasacorrespondencewith
the membership function or reasoning processof fuzzy
system. AsshowninFigure 1.

—
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Figurel: Thetypeof structureequivalence

An approachto construct structure equivaence NN
based onfuzzy system.
Let thefuzzy system with ninput and one output,

whoseinput variablesare (x,,i =1,2,...,n) and output
variableisy. Thenfuzzy sets can beexpressed as.

X; @ Xips Xipoeen Xy 1=12,..,0

Y Y Yo Yo, @)
Fuzzyruleisdefined as.

x,e A, x,e€ Al,---,x, €A,

yeB' j=12-R, 2

Where A/, Al, ..., Al and gi arefuzzy sets, and
Al e X Xip o X i =12,.,0 ) =1,2,..,R
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Generally, we may choose the trapezium mem-
bership function asgi, in other words, the val ue of
thefunction isaconstant in certain range. So based

on the above description, thefuzzy rule may be de-
finedas:

If x,e Al,x,e Al,...,x, e Al,
yey,j=12.-+R, 4

Theoutput vaue of thefuzzy systemwill becom-
puted by theformulasasfollows:

R

2Hy
y="%
5
;ﬂj ®)
Where #; = p, (X)#,, (%)= p,, (X,) (6)

Based on the above descri ption about thefuzzy sys-
tem, we can describethefeedforward NN by Figure2.

® ®

(A) (B) (€)
Figure2: Theneural network of structureequivalence

Thuswe may turn afuzzy systemintoaNN. The
NN is composed of fivelayers ((A)-(E)), which the
(A)isinput of layer, the (E) isoutput of layer. The(B) is
corresponding to thefuzzy setsof thefuzzy system con-
ditions, whose outputsare the corresponding member-
ship degreesof theinput variables. The(C) may redlize
thefunction of thefuzzy setsoperators, whose output
vaueisapplicableextent of every rulewith (2-6). The
(D) will computethe vaue of the numerator and de-
nominator by (2-5). It will reaizethe defuzzification of
functiondongwith (E).

Thenodesin the network different form the usua

neurons, which x; may beausual neuron or asmall
network that isformed with morethan oneneuron. The

nodeof [ ; isamultiplier, whoseoutput valueisthe
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product of dl inputs, andthenodeof + isadivison, whose
output vaueisthequotient of twoinput quantities.

FEATUREDETECTIONALGORITHM
BASED ON FNN

Theredization of pattern recognition of static char-
acterigticof lifesigna can bedividedinto thefollowing
Steps.

Stepl. Determinethe characteristic vector for pattern
recognition.

Determinethe quantificationlevelsfor recogni-
tion.

Egtablishthefuzzy rules.

Egtablishfuzzy inferencerules.
Determinetheapplicableextent of fuzzy infer
encerules.

Based ontheformula(5) cal cul ate the output
result:

Inthispaper, the FNN pattern recognition system
(asshowninFigure 3) containstwo fuzzy sysem, whose

fuzzyrules

Step2.
Step3.
Step4.
Steps.

Step6.
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Figure3: Thefuzzy sysem based on neural network

1) Theinputsof first fuzzy systemarefour eigenvec-
tor, and the output isthe degree of life characteris-
tic vector. The degree of characteristic vector is
recognized by four eigenvector asawholeinthe
fuzzy system. The output result of NN _isappli-

cableextent of fuzzy rule (u, u,, -, 4,,) -

BioTechnologqy —

2) Everyeigenvector astheinput of second fuzzy sys-
tem recognizethe degreeof lifecharacteristic vec-
tor.

Theaim of thefuzzy systemisto study exact de-
greeof thelifecharacteristic vector recognition asthe
bas s of weight va ue adjustment. The output resultsof
NN,, NN,, NN, and NN, are applicable extent of fuzzy
rule of every eigenvector, which is

(/‘1,1'/‘1,21' "'/‘1,11) ’ (”2,1'/‘2,2" ’ '1/‘2,11) ’ (/‘3,11”3,2" ’ "/‘3,11)

and (/‘4,1!/‘4,2!"'!”4,11) .

Based on BP networksin thefive FNN systems,
theinputsaredifferent neuron, the numbersof thehid-
den layer and the neuron of hidden layer may be
adaptively tuned. As mentioned abovethe applicable
extent of fuzzy ruleisactudly the corresponding mem-
bership degreesof every life characteristic vector de-
greewhichy (y, =1y, =0.9,---,y,, = 0) isthelifechar-
acteristic vector degreelevel.

Therecognition result of life characteristic vector
degreeiscal culated through theformulas(5). Thecon-
cretecalculationmethodis:

1) By four eigenvector asawhole, we can calculate
the characteristic vector degree (Y ) using output
of NN, and thecharacteristic vector degreelevels
(,=1y,=09,---,y,,=0).

2) Calculatethe characteristic vector degree by the
output resultsof four BP NN (NN,0NNLONN, and
NN,), then adjust theweight values (al, a2, a3 and
a4), and obtainthe characteristic vector degree(Y )
by recognizing every eigenvector.

3) By doingmultiplication for theoutput resultsof the
four BP NN (NN,ONN,ONN, and NN,), we can
obtaintheunion of thefuzzy rule’sgpplicabl eextent,
then cal culatethecharacteristic vector degree(Y.).

4) Inordertoobtaintheoutput () of the FNN pattern
recognition system, weshould consider theimpor-
tant degreeof threerecognition resultsto adjust the
welght values (b1,b2 and b3), then ca culatethere-
sult (Y ,) of characteristic vector degreerecognition.

ALGORITHM SIMULATION
ANDANALYSIS

In the paper the two processsimulation istested.
Thefirst, wedo pretreatment and mathematical mode -
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ing of vital Ssgnsby liferadar detected. The second, the
signa through pardld filter bank and the higher order
statistics detection system for processing.

Signal modelingand analysis

Thebasic task of the moving object detectionisto
distinguish and restrain fixed clutter and detection tar-
get echo according to the difference spectrum of target
of echo and clutter inthefrequency domain andtime
domain. By establishing the reasonablesignal mode,
makeclear target Sgnd and noise of the spectrum char-
acteristics, so that, they can better detection.

Echo signal asoinclude clutter and the objective
existence of thesigna noiseand so on, ontheanaysis
of energy of thesesignalsinthetimedomainand fre-
guency domain, Radar echo signd includetwo kinds of
clutter and afixed object moving objectsclutter, in-
cluding surfacefestures, the sea, and the human impact
and cloud interference, etc.

Anaysisof dutter and noisedataacquisition of ra-
dar exploration 40 cm thick acrossthewall through
launched of dectromagneticwave. Do hisogramto clut-
ter signal, Figure 2 isasampling clutter signa histo-
gram. Figure 3isClutter spectrum diagram.
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Figure4: Real clutter thehistogram
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Figure5: Clutter spectrumdiagram
Clutter spectrumdiagram asfollows:
FNN algorithm
Timedomain and frequency pretreatment analysis

isdonetothesampling signa, wecangainsignal con-
taining the high frequency noiseand cl utter interference
based on frequency analysis. TheFigure6isthelife
sgnd timedomainandyss. ThguFiu re7isthelifesg-
nal frequency domain analysis, anong themthefre-
guency -50 Hz and frequency 50 Hz placefor astrong
bumpscdlutter signd.
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Figure6: Thelifesignal timedomain figure

10
2)(

e vkl s - o
40 -2 0 2 40 &0 &0
Fi/H

Figure7: Thelifesignal frequency figure

Inorder to vaidatethe FNN dgorithmiseffective.
Thefollowingisasamplingratefor 1000 Hz, sampling
pointsfor 8000 point of life parameterssignal dataaf-
ter pardld filter bank and thehigher order Satisticssys-
temsamulationdiagram:

Figure 6 about life parameterssignd sampling data
graphics, can seethesignal completely submergedin
strong clutter background. Figure 8 and Figure 9 is
through FNN system of time domain and frequency
domain graph, wecan clearly seethea gorithm can ef-
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Figure8: Through the FNN system timedomain
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Figure9: ThroughtheFNN system frequencefigure
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fectively and accurately redlized thelifesignd detection
and extraction of thecharacteristicsgnd instrong clut-
ter.

Theexperiment result isshown thesystem can com-
pletely extract signal from the noise drown, and the
amplitudebas c unchanged and improvesgnd-to-noise
ratio. Thisshow, thedesignideaof FNN iscompletely
feasble, andthede-noising effectisvery satisfied. Sig-
na detection providesanew train of thought and method
for solvenonlinear time-varying online, and hassome
thefeas bility and availability.
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