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An Analysis Method of Strange Attractor for the Feature Extraction

IR
Taesik Kim

ABSTRACT

In the area of speech processing, raw signals used to be presented into 2D format.
However, such kind of presentation methods have limitation to extract characteristics
from the signal because of the presentation method. Generally, not much information can
be detected from the 2D signal.

Strange attractor in the field of chaos theory provides a 3D presentation method. In the
area of recognition problem, signal presentation method is very important because good
features can be detected from a good presentation. This paper discusses a new feature
extraction method that extracts features from a cycle of the strange attractor. A neural
network is used to check whether the method extracts suitable features or not. The result
shows very good points that can be applied to some areas of signal processing.
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339 Heg BAsle 54& 23 g Aok

s4o2RE E4¢ &ste Wide 84 HPL Fusd YPoz WINA SHS
2za Wy, 779 992 UH(FilenE AR5 1 Uy ASS 849 SHoE Ax
W, AZE A4S BAsE A o83 Auditory B4, AYdsuy, B3 5

(Dynamic Feature)& Fa4 g9 EA(Spectral Feature)S3 FAlo] AlE3lE R Sof
ATHA AL, 1999; 2739, 1998; Herv, 1995; Tebelskis, 1995). &2 tjF-E 2] 243914} 7]
5L SAHCERE EAS FEI7] A AJade dmaE, LPC(Linear Predictive
Coding) A%, FFT(Fast Fourier Transform)®4, #AE & (Cepstrum) ¥4, Id¢ w3
(Filter Bank) 53 #& dAE dAE AXed dEHA $4UA4 71€2E, $4°] /MY
o A w} AEE7 O AE o839 vy A ¥E A ﬁ“é;ﬁii %
TAIAA A4 *}%5}7: DTW(Dynamic Time Warping) 7}, €4 AZ& A®Ao] 3l
Tt A5g9 deE Ao IE HHE AH3E VQ(Vector Quantization) 714, $4&
ArA WEle 82 2dyitd 24044 Alg3lE HMMMHidden Markov Model) 71,
A} A7 AEE RdYstd 58 &4 54& Fdsls U419 NN(Neural Network)
71% (Fan, 1992; Sun, 1992), 49 £2HEY AHEE o33} 2HEY djeicz 2dYsio
g4 FE Fake #1A HE WA 7 Fol AHRAAME, 1999, F<¢3, 2000; Lee, 1992;
Peitgen, 1992).
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Ty ol ¥ I JIMEY AR BT V1€ SA4UAE A IRES
B el Ak AAzto]l wol Agd€ttE F T B JHA BAFEC EAsn Aok =¥
w4 B4l UMY FE AEE o] Ak A dEistet, Axg wgHEA AT
T 93 okl ¥EHI glo] Eop q¥d o 5 F&o g7HI U ol
EAAT 27E o= AR A2 F e WHFY st 742 2(Chaos) o1& & ol &3HE
Aolt}. 7} 28 o] &¥2E & & Y= 7}% 2 o)HE 34 B3 & 2 Adyes ®¥
o 5L Fe 71E oMY ARHTE 3 Ades HYE o B HEE & F
At

B Q7ME, 8@ slex o8& olgdld no WD YA &4 5HE F
2% T e e AAMGT oY) oEYHE o] &% T (F4E, 1999) & Cyclet

T.,

F&3o Qe AFEFFH, 199 LA Jovt B dAfdME oEYEA I
Cycle &<t HE3I= boxd 49 WAAY BE wet o -E"} boxoll #% HRE FZF
o] AFFE B3 JAstaz s ol UdF AF5H FWeR B o gIgdtn 5
g oovid ARE AATLR A AAE stedl fEsA FEste AR 22 Aol
& 4 k. A H$3¥E AF3H(Normalization)d ¥ 3 A9 e & 2EHUR] JEY
EH2 FA83: FAE Attractordl A & Cycleg %% ¥ Natural Measure 7132 =43}
o EAE FEIY o¥A FE2E SAL S04 EE BHAA E o thE A FH
2}°]E A e Aol A7) gl o9 AL st 28 EAulEHE AAY
o] &3t &§EFAIZ F o= AR Fo| HeA Hina g
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21 JJE¥E o] &

A4 HolE g 7FE FQEAE oldldte T3 FYPS e FHstate space)ll A2 &
T FEE Bosts Aoz AR wE A e A T HY AH F AR
Ehlel 71stet o2 olsiste oIt o1& il 3 A Ftel EHHARE AHE o
edggn sy 2 FF52E B3 A (equilibrium, fixed point), B (limit cycle), FE 2%
(torus, tor)) £¢} Ae] H&sl % sbsd Ferh YES} W e BollA BFE B
Fati 5Feln 7lsterE e JYeEhle 2EH<UA o] EHE(Strange Attractor) = 1t

o] 7te & FAdo] ol etk 3 Ak FA EEHE FHEANN EAS 28
At F4% 9 shue A EYEHY AFAHLE AAY HolHERE A &5 I
of Hol& 7|38t EAE 3 A FAAM BH, FENe AHolth o] YL EE)
Z+el N. Packard, J. Crutchfield, D. Farmer 2 R. Shaw7?} Floris Takens® %3 79}
A AL e AA g Eoboll &&= A} girk(olo]dtet, 1995).

22 2EHQA oEUHE FAHuy

2EHRIA AEYEE AFAse YA ¥EE Takensd A QA7 WHE o] &%
ok AAAZE HolF ¢ () 139 AAY dolElg 81, NaE dlolele AA| sise
g W, k€K, Ki=(kENg k<NaJoI™, AL dol8 ¢ ()7t #8F 7Assictn o4, A
TAE AH §09 HEE gi3 go] Foiin.
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b (t) = ) (1)
Wt Dg—1))

714 s€ES, ts=sTa, SE(No; s<Nau— r/T(De-1)}°1%, Dp= Y9 A4, T AAE
gl o] AEF AL, ¢ & AGAIZLE YER R ok §4 HlolEE o] &3t 2EHUA o
EYEE TS TS AAE 54 dolEdA B AAAL TS © 8389 3 /19 A
2L HEHE #3233 479 dY g& 4 Loz 3 449 A T ol EHEE FA
d gk AAE 34 o8 S={s) s, sz .., se-rONA TS WE T()E BE 5 U

(i) = (s(0), s(T), s(2T)),
(s(z), s( £+T), s( r+2T)), @)
(s(2r), s(2r+T), s(2r+2T)),

(stnz), stnr+T), s(nr+2T)).
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A7 & Sampling 24, n& HolEel AFE vehdth A9 M E e 2ol U
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nG) = (x, yi, zi), i=012 .,nl1 (3)

#79) x; y, 28 247 1 AUSZ sho] 3 A B @ YOI Yehio] Alke) 58
of me o] HEE Aoz dFsW 2=dA JEYEI FHLD olHT WEoE A
g &4 dolEE AH A UEIoEA Az A% BE doled S Bl
gu o] Fu2A oEYEHY Aot WHEL WAL F UL oJRE ZHEHY 2ol
g 4 9t

3. JJEAH A EA &

3.1 Cycle =

4 338 A7 2EGUA o EYHE 3 A AT AN 7 shajel whe} Z
7t & 2Yge & 1§ AXE wEsA 2 gk oW Attractorg TAsE HHA
Z} QAES A7 W wet o9 S8y HY oAt o= &FEHE 22
o HY 7MYARA 4 FAteict nH9 AHS AW SLFFH A3 A A
on HAE agE ¢ AR L R AR S AVEA A 4 g AF S
REESA 28 ") o)¥ AAE olgdte dojo FLHE Aty o SYHoERH
Attractor® TAsHE WEY Z 84F Alole AE WEI{A] FatE, JoY AP
Time Intervalo] ¢ Fof} o] Ayt A dAAE 2787 &t W9 249 243
Abel9] Interval® F3to] o] R& Attractord Cycle®E A 3hr),

E dFoAM A Attractord] Cycle & WHe I dueFol et Hert 4u
AQAZro] AAwE AJAE Aol HAAHoz HGS o) W} e JPoA FLHE A
934 HAH Cycleol 71 3Ate] Z 9 Cycles F2E & A "ok =3 JAAZ UF 2
od AFoe] F2dy FIF AHFE Ae Ao] ofY2 g Cycle F+&°] E7Fsstn JAA
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9y AgA Attractor®] 4o melsojol s, Attractore EF2 FAFEHAIT A2
717 g2 o8 A9 AReE FAHNEE Attractord) CycleS F2& ) 7+ A% A7]9
AXRE FAY Aolgdxn AZHE AY 1) 57 A9 2284 23 & AYsiof
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H(S)=min{7r(i)},l=?’izé‘ﬁ-?‘lﬁ’,llg-.)ﬁ (4)

T3 4 H(s)=(xs, ys, z9)% HE I(s)=(x, yi z) A°l9] Ae D gee Az
Zro] AAbgitt

D= \/(xs - xi)2+(y: - Y.-)2+(Z, - zi)2 5)

AHAAN doje) %Y M(s)8 238, ol Ho] 2 Auractord & CycleS 743
€ ohA9 AR Bed] AdME ges 22Ede AE AAete Avteze EEg)
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7bs3th ol@ #A Time Interval FAs AR JAXNE 27 9% 43 A9 3¥HQ
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7\’5()‘)={0 otherwise
oltt, 4714 ZE - 0ABGOR E AA xo, X1, X2, Xg, XA Bl THE TAE S Folth o]
MEE o] £33 3 Cycled #AAHoz HHEY 2EHURA oJEHE Y EANL FXHo2 U
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E5E Zolth wehd 2 AlAE Slold ANY WEe Fo) £28 540) A2 te
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41 A3 doly 74 ,

A S4A2 F A A2 4F5HME Y3l o8 BF &4 dolEuo]AE A}
£33 AT B dgoie SAHoHE MEo] FAGHen AHEH SR Wi

BEQ ‘oF otk SA4REY 3L AAH A¥E A 78’° & UAA AEA oA T

zAoE o]Fojgon zt s Ao Ao wi x HE 4 A7 AE 5—‘1’%{5}
T3 olFojHrh 10 He] ARA(E 5, o 5 ‘ZH’Z“DE Eagd oo ¥y
FHldlA BE A2 $EIEE 33 8000 Hz, MonoZ2 &3t%ith ’“Zﬂ 1
KHz o|% 2 9949 438¢& &8 o A& 54 —r%ﬂ o]Fold & & Aoy B
AYPAME oJEFH S Cycle 32¢ 4L 317] A8t $4 e 8000 HzE o] 4333
ot FF 31804 AAE Cycle FE2RHE 6 MASE 270349 Agox aFHH2
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