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Fractal Dimension Method for Connected-digit Recognition

4 A A
Taesik Kim

ABSTRACT

Strange attractor can be used as a presentation method for signal processing. Fractal
dimension is well known method that extract features from attractor. Even though the
method provides powerful capabilities for speech processing, there is drawback which
should be solved in advance. Normally, the size of the raw signal should be long enough
for processing if we use the fractal dimension method. However, in the area of
connected-digits problem, normally, syllable or semi-syllable based processing is applied .
In this case, there is no evidence that we have sufficient data or not to extract
characteristics of attractor. This paper discusses the relationship between the size of the
signal data and the calculation result of fractal dimension, and also discusses the efficient
way to be applied to connected-digit recognition. '
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Ag Hg 58 E48e A7 28T ATH310) )& B3 Az fE ¥ HAF £
Mo] Aoz ARttn & 4 gloy o] £d v HAF A5 F42 A (correlation
dimension)o] W 2o} 2|4 (first positive Lyapunov exponent) ¥ H] A8 FAE A
TEL B3 A5 5T 54 L 7ledtn, b AF vE AR Rdyste o] JbE
A = Ak

2oz Aste Alagdore AU dF SHo] Y dEHos W= A
agH oz Agstojol shed &8 Alold U £ AE FHYH Fol AA stes
o2 A g Wi Ao 433 4% nd Zolztn Ko itk ol ¥ Moz ¥
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oz A7|TESE ol A4t He AR %S FHske A7 BT (autocorrelation
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mutual information) B $o] gen ¥ M¥ PANTE F2 FFNETHRY Wyo] A
|3 ot

g vl MY AZA FIFNEHRHE TFH 2 oz FHH AQALE o} oE
YE g 74T = o JEYEI} dE ¢4 & EF #d8 £ 5+ e 84
E’rﬂ‘—:‘ 5&?}3}7] ek 4 BAS 1‘]3} X}Eﬁd——] F2He B¥ F e 47 E}E

E
¢

71
al X

rl

I

l..

f

2}01 ol E}E} é}@ﬁl “E}Zl“ 015211511‘4 Hliﬂ’ﬂ A A Azt 5%1"“ 7t ﬂEﬂﬁi
ol 7 SAMe 2EHWE d& 7188 FHE JEIEE g A7 9asA 8o

2 =gdAE 71EY AQAANGE oldste] AEHHE -i“éiﬂ?l Mol 2+ dole 9
A5 ARBAE vlel BAste o A BA Zoz oEYEE e PE Adsazt
g o] WYL EHE AL ARbe A&Adel wet vEuE HolHE dxaAEE
gushs Ro)7] WBo] NAAZe|BE WFd A 73 TG E ¥ ¥ AT
HagsluE A4 A2e oA BdE F Ug Rolth F AALY 712 olE
A vlg ABBAE viopaid olEdEE 23 u AA Al T Hefo WolE Ha
3 & £ 31g Aol #dHy] fFEelth o]F T dHHA 54, 53 xA T A4
A &A Abolol EAste F& AErt ZdE Aol 7l ‘H:— =g seotste =dtna dn.
ol B = 2l 4F S48 AJNLH, & o A, E¥FF 5& &
Hoz qgwol Nested &8d F Y& Rolh



A%e NS A% Td A Py 1B 47
2. $49 oEdy 74

21 o]EUE o]

S3ulolE gt 22 FHIRAE ofdte FL
otals Ao 2A Azt mE A WIS e T A AH F AH2E Ve 7]
s oz olssle: Wolth oL AEHHA R &9 1 FHEE B ¥ H(equilibrium,
fixed point), =M {limit cycle), FEZ%(torus, tori)5 2 A2 A&E o= 7153 et
AE7t 81A Chaotic Attractorgts & 715 448 veide A% Ioi5819]. 7te
Az BAsE EYEE 2EHAA o]EYE|(Strange Attractor)etiL 39, Fte
JEHHE 720 WS A Aoz slearl B3 £59 A Zwolatd &
EYRIA JEHEE 1 B34 $Hol 7EetHe delztn & 4 I3 LT

7t~ @4E wAsn BMe FAF WEe shbs oEYHY AF4HoR AAY
dolE 2R e A &% ddo] Hole 7I3Etad §4& A4 LA EE, FEHe
Aot} o] wrge 2284l N. Packard, J. Crutchfield, D. Farmer @ R. Shaw7} Floris
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T HE s ogF 2ol Foin

Y(ts) = . (1
9 t+o Dp—1))

A71M s € S, ts = sTo, S € {No) s < Naw - T/ T(Dp-1)} ©19, D= 4H¥ld A4,
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i) = (s(0), s(T), s(2T)),
(s(1), s(t+T), s(t+2T)),
(s(27), s(2t+T), s(21+2T)),

(s(nt), s(nt+T), s(nt+2T)) (2)
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JEYHE PFgss ¥ HYA4E JEGHY slay 728 dehile zdg 3
4, Az ¥z A=E Yehdle ) 2JobF x4 (largest Lyapunov exponent), #E#¥
5o @7] dF BRE FHIE vAHY dF 23 Fo] ¢A o THY e §F
E 71818t A ResH e A9 A EEe Ho gubdel Zdg 7)sete] Bl g
7] FAPEQ Ay 2 E Ad EA9 A9E gujsie Aeg £HANY, ARAY, AP
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F A woddte Aol M da ApgHo A AaAYE Aatrl 93 WA oEY
B Ao T Ay, y)ol 6 oldte Azlel 2XE &5 HAHE(CA 8))E AB) 2o Ao
=

T T N A
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N2 vigd B/ FA43te d-2d ZEQ AFelH, twe APYBEE 48 HE A
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A 4, 9 D7 742 10 94 558 & ol83 AT o] $4& 47 =g A4 #ge A
At en QAT e 2022 FUstn WHAL S 2004 87x] WA 7IVA Faad
e FAAN I FS 4 5o AY AAE I L FAAAY 2 A= olH B L R
29 2o



A&E AYE AP Zdg A g 2B 51

E 17129 Wl ga 78 uadg

J EEER
2 3 4 5 6 7 8

Y/ 0.813 0.794 0.773 0.755 0.739 0.725 0.713
12/ 0825 0.850 0.851 0.853 0.855 0.856 0.855
/4/ 0.689 0.690 0687 0.685 0.684 0682 0.680
/6/ 0.929 0.906 0.8390 0.881 0.875 0871 0.969
/43/ 0.838 0.828 0.806 0.779 0.751 0.723 0.690
/76/ 0.897 0.869 0.842 0.853 0.816 03815 0.815
/95/ 0.885 0.852 0.820 0.793 0.788 0.784 0.783

/123/ 0.892 0.890 0.797 0.792 0.789 0.785 0.781
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PN g Al
2 3 4 5 6 7 8

N/ 0450 | 0433 | 0452 | 0458 | 0459 | 0459 | 0459
/2/ 0800 | 0780 | 0751 | 0721 | 0690 | 0672 | 065l
/4/ 0612 | 0616 | 0605 | 0584 | 0589 | 0533 | 0509
/6/ 0877 | 085 | 075 | 0698 | 0632 | 0518 | 0539
/43/ 03% | 0392 | 0414 | 042 | 042 | 0428 | 0427
/76/ 0489 | 0506 | 0513 | 0510 | 0500 | 0487 | 047
/95/ 0474 | 0475 | 0480 | 0472 | 0468 | 0461 | 0456
/123/ 0480 | 0483 | 0479 | 0475 | 0472 | 0469 | 0465
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€717t 4B MAE scaling regions &3] HH3 4T 5 UL Aotk 2t £ 4
Fol 4= scaling region® 1 8A €3 @F3] O UL vasy 4 &5 HYHE FF
atazt st om g A& Fol HE AA oud FH(E A E4 3T
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