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The Analysis of Big Data by Wavelets

Kiyoshi Mizohata*
*Department of Mathematical Sciences, Doshisha University

Abstract.  The amount of social media data is now growing exponentially. Such data
is now called Big Data. In this talk, we shall show several interesting results obtained
by the wavelet analysis of niconico-douga (famous social media in Japan) which is typical
example of Big Data, using Hadoop distributed file system.
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Directional Wavelet Transform and its Application to Medical
Image Recognition

Zhong Zhang* Takeshi KATO" Hiroshi Toda*
“Toyohashi University of Technology
"Graduate School of Toyohashi University of Technology

Abstract. In this paper, we propose the novel directional wavelet transform combining
with previous complex discrete wavelet transform (CDWT) and designed directional filters.
And then we apply the proposed method into medical image processing. The CDWT is
one of the Wavelet Transform and widely used as space-frequency analysis method for
the signal and the image. The CDWT decomposes the image into directional components
from the frequency analysis. And then, we can get the border, discontinuities and edges
in the image. This property is called Directional Selection and this property is expected
to give us shape information and geometric features. But, previous Directional Selection
only offers the six directional components and features. Thus by proposed directional
Wavelet Transform with the designed the directional filter, many directional feature can
be extracted rather than previous one.
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Fig. 5. The frequency characteristics of MWs, where (a) shows """ (w,, w,) and (b)

shows J/*LH (@, w,)(Amplitude of the Fourier transform result).
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Fig. 6. The relationship between frequency characteristic in the frequency domain and
directional filter in space domain((a)The frequency characteristic that has spectrum only
‘x’ points. (b) The corresponding directional filter is the inverse Fourier transform of (a).
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Fig. 7. The example of the filter that calculate directional components(a)The filter that
detects angular range from 6; to 6,.(b)The designed function (6) (c)The implemented
frequency characteristic of directional filter made from (a) and (b).
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Fig. 8. The proposed directional selection based on designed directional filters and the CDW'T.
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()6, 6,1 = [40, 50][deg]  (b)[6), 6>] = [70, 80][deg]  (c)[6:, B:] = [90, 100][deg]

()61, 621 = [-5, S]ldeg] (e)[6, 6,1 = [130, 140][deg] (F)[H;, 621 = [160, 170][deg]

Fig. 10. The result of directional edges with designed angular range by using the proposed method.
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(a) (b)

Fig. 11. The example of medical images that have the mass in the lung area.
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Fig. 12. The processing result, where (a)shows processing results by using proposed
method and (b) shows processing results by using CDWT.
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Fig. 13. The results of from (1) to (4) in recognition process.
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(b)

Fig. 14. The voting process image.(a) Vote image,(b)Vote image after thresholding.
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Fig. 15. The calculating process about Fig. 16. The low frequency area of around
mass position. the mass position.
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Fig. 17. (a)The opening processed image,(b)Result of process (11).
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Fig. 18. The calculation results of the mass positions and the sizes.
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Table 1. The mass detection result.

Mass Sample Normal Sample
Method Detect | Not Detect | Detect | Not Detect
Proposed method 5 1 0 6
2D-CDWT 4 2 0 6
Gabor Filter 1 5 0 6
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Fig. 21. The model masses
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Fig. 22. The recognition result of the model masses

Table 2. The recognition rate of model masses.
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Blind Separation and Image Separation Using Wavelets
Kohei Arai
Graduate School of Science and Engineering, Saga University
Abstract. A method for identification of speakers based on blind separation with Isolated

Component Analysis: ICA by means of Maximum Entropy Method: MEM together with wavelet
Multi-Resolution Analysis: MRA is proposed. One of the problems of the blind separation for
identification of speakers is that it is not so good separability among the speakers. In order to improve
the separability, histogram of the high frequency component derived from MRA is sharpened in the
proposed method. High frequency component is extracted with MRA. Histogram of the high frequency
component can be sharpened by using higher level of the MRA component. Separability depends on
the sharpness of the histogram. Thus the speakers in concern are identified more clearly. Through a
comparative study between blind separation with the first level of high frequency derived from MRA
and that with the second level one (Proposed method), it is found that the proposed method can achieve
4 to 8.8% of separability improvement for the case of the number of speakers is 2, 4 and 8. Method
for image separation using wavelets is proposed and is validated with several images in the SIDBA of

standard Image Database.
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On spatio-temporal frequency domain representation of
acoustic signals

Kohei Yatabe
Waseda University

Abstract.  An acoustic signal has been ordinarily treated as an one-dimensional signal
depending only on time since it usually measured by a single microphone. On the other
hand, considering spatial information of sound became more and more popular recently
because of rapid development of measuring systems which facilitate many-channel mea-
surement and/or newly developed measurement methods. This transition of the situation
allows us to treat measured acoustical data as samples of a function of not only time but
also spatial variables; that is, a solution to the wave equation. In this paper, a solution
space of the wave equation is discussed in the spatio-temporal frequency domain, and
sampling problems to such solution are raised. Furthermore, some applications of such
representation including a reconstruction method of a sound field are presented.
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LT — YOS E2EIRT 22 L8 TE 5, £, B/ A APvA 70t 0D
k77 £ EZBIR D 2 WESICEEIK T 2 /2 A4 R3S O FEIR IS % F 515 5 73,
7V—LEMTEIETT 82 LIt Tng, 20X/ A X2RETHI LN
TE%., 3618, @kl T —2Ica L UEF0E 2T 2 ETHHZER (FROFKET
M7 ) ZAHALLTWETHRETEIUL, MERONIEZ BT 2 2 L25TE % 1]#HE
bbb 2.

SATWIZE L LT, $RIHER > 72— RTI~ A 70y P LA IR LT B, Ofis #%
L7407 4 VI3V 703 Pinto IZ k> TIREINTW 3 [13-15], &£V 78 F)s
BOFRGEEMIGEL TED, EEHBEOVBN 2 ERPERICIETE 527217 Th
$, ZE7 4 V8 ) v FRZEMIERO I &, IWHMTORTLERBICZ > T
5. EROA 7k VELE {x;} ISR L CRKO RIS T E UL, TEMICIERICEM
ThbrEEILND,
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4. HIHD Trefftz EEICLBZRIFEFDILH

22T, WHAHRRCX3EEES0ETILE, 2Oy 7Y v ICBI LTRSS
HENBRJEICOWTHARZ, 22 TlE, Fig. 2 Ot B 2 BI%0% & LT Trefftz %
B3 h 5 2 & bR, FHOMEICRIEICN T 202 O W Tl 5,
4.1 Trefftz EE

BAEMNT B BT, BRI (—LifZE) [16,17]

Jg(%r) eitt (d
Je(Sr) Y (0,0) (d

2)
3)

(4.1) Prm (X, w) = {

*, Pk [18,19)
(4.2) Pn(x,w) = € EXVn

%, ZF3H S5 Helmholtz /5 FEa% it 72 3B %
(4.3) (A +w?/c®) dp(x,w) =0

THY, {¢n} % Helmholtz /T RN DMREMICTIE IR 2 X ) ICTHETE 5 2 & 23
LINTW5, ZD &k HIz, LEEHFE %72 TR %2 1 COGRERUE Z2 KT % Bl
BT T4 13 Trefftz B EWIENTE D, {¢,} 1 Trefitz HIE & WX % [20-23]. 7
2L, Jold 0 REE—7FE Bessel BI%L, jo 1 ¢ XBK Bessel BI%, Y™ |3 BRI GHAIBY %,
(e€Zy, meZ, —€<m<Ul, v, € ST IFTFHEDETHINELRTHEMRY B L,
St ={xeR?| |x|2 =1} 2KT. 7, LD D 7D IC—EBIIER x = (r,0)
(d=2), x=(r,0,¢) (d=3) 7. FAK, y, € RA\QICRELE% DD Helmholtz
TR D FA SR
SHD(2]x ~ yall2) (d=2)

(4.4) Pn(x,w) = 1 ei2lx—yal,

T =3

A [[x = yall,
b, QZMY G &9 Iy, ZECETIUIMBERICHTEICT S 2 EHBTE, 2D L) IR
& L 72 AR % o % Bl MFS (Method of Fundamental Solutions) & FEIE#L
TWw2 [24-29], 205D Trefftz Bk # v, Z2hs OBIBHES b Fig. 2 O Lic
HFEL, By DEIREMZRSL LB TE S,
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) ) L))

Fig. 3. YA EEHE T — 7 IR T 3 7 4 ZBREofl, EBIEL — 8 7 7 iRE)EE
ZHOTESGZEHIL BT =2 Th D, BHICEGGER EE L BBRO RV, 4 X
DREICEAL T THREZHRAT2 2 L IZNETH 5, —/7, FBEIZ Trefftz K%
O E5OEIRERTHD, /A ADREI NI ZEZ ITRRT 5 LI TE S,

42 BEHGOETTEBEANDILA

FEHITINETIE, /A XDBBALLBIHT— 0055280 2 FEE2REL v
% [30-32]. By O TR OB T — 7 Im B EETMEE L gL, B, s
2% Trefftz JEEZ W TR T 2 2 LT, Z DMIBREORECE HEE T 2 M LR E
IRE STV S, £72, RO A S — 22 EREEHR E LT, 28— 2 ki
fE L TERMET 25lA HIT> T3 [32].

Fig. 3 1O EEIE 7 — & OWPRT RO Bl 27139 [32], ez HelliE@Tix, &
IZ X BIEH IS 2 BT R AT 25T 2 2 LICh 30T, BREIRERNA L & L2
RO A XBRAT S, Fig. 3O LBEVWHE LT —%Z0b0x gk L 72 b D7
D, KEICEENDS /A ADFET, WH2HRAT 20N EETH S, £, HBHICE-
T/ ARXRZDLDEER LR b H D, —J, TEROUIKRZ Biux, /74X
DfrE I, ANCERE I N A E—=A 0 6 S N OV ARSI ICENTWS, Z
E, Trefftz B %2 W T Fig. 2 D#ff EAWFE L 722 £ T, /4 XD 9 BIRZEHEIEE
FEIE CHELA DFEIBICIR A L 72 # R ATE LT E 2R L T3, EERIZ S PE 2 i
LIEIC R 2 DT, MEBICH 2D ) LEORRICRLTLEIGEL FTICHNES
23, FIRDZERIN R S — 2% eBRfER E L CRH L2 2 & T4 B@afionTtnid t
EAob,

C S CIFREHNC il e 20 o 72 B3, eI EHIE ICBE L T3 (4] =2, HEETIEX T
EOTMEIIMEHL (5] z2H L THHE 2 \»,
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5. LIV

AT, EFEOSA 7ubh vy EORFEICLD, FE2MET 2BUCKRRZ T ¢ fr
EICBELCO Yy 7VEEEZES T2 LN TEDL L) I h> CELERICHN, FEE
SR WEHRAOME L THRZ A LT 72, T, FEE X O o i
B L C Fourier 241 fiti L 7= IR 22 AR BRI B T, B XD g 13 Fig. 2 1T ¢
L) LD NERTEZERR L, E518, 20X BRI G % B o 724
HIRBIBDES B, 2 EHZL, ZIEGEINIBH0Y 7)) v 7EERE L2, 2L
T, LB ERT -DODFRE LT Trefftz LR ICOWTER, ZnrEHWTEL%
LT 2 FEICOWTHROAFYICHN L2, AREZ2EL T, FHOY v 7)) v 7
B9 2 o DRI Z £ > CTIHITNEHEWTH 5,
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7= 7 U EkER vy v o oMnE

A AL AT IR T
CIRBTRY T AR ISR

BE. 797 vEiity sy ZIcBin s BRI o M 2 341§ 2 2 L2 X o THER
DI % 2§ .

Property of Measurements in Boolean Compresed Sensing

Kazushi Mimura* Tadashi Wadayama®
*Hiroshima City University "Nagoya Institute of Technology

Abstract. We evaluate distance distribution of measurements in the Boolean compressed
sensing, which are characterized by a sparse generator matrix and a nonlinear function.

1. RUSHIC

7= 7 U EEe Y SICEN BB O RS Z L Ic ko T, Bl S I60
BEVIEL SN TE 2089 2T 2 ka2 52 5. BEEAZF LGS NS TR
M H 2T RTOELSZRF L BT,

WA T, RO FELZ L E LIS AN Z DR 5 DEAN E—T 51
Bx2Fio, 2070, fF5ORRMIIIIEN 5 OME 2 Hili§ 2 72 o ICHEE L& H 2 H
T3 [1]. 7, $BEEZ R CEEOELSD S 2 2RI Fic B »TiE, i, B
AR DS Z DFF 5 OEAZSA & BT, ZOMWERMAITICE W CE, oA [2,3] 27T
fifi3 % 23D % .

7= 7 VEMie v v TR, BB (0, 1) BIcfEE & BHEREROM (X, ..., Xy
DERIMED (x1,...,xp) DHEEDONRDEZT L2 2. ZORERIE, (r,...,yn) =
F(xi,...,xp) ELTBIMIESN G, 22T, BIHBEKF 3BELZRTXT FVIEREK
THB., BHIRZ PV (yr,...,y8) DOBENIRETH B (x1,...,x) Z WJHEZRIR U A
ICHEE L 72V, E W) M7 =) 7 Vit v > v ZICBT 2 RENLRETH S,
2T, ZOXRTHN S [T,

(1.1) {F(x1,....,xp) : (X1,...,xp) €T}
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CEEIND, BEAHT ZEBEOWMDE2EE62EW T 2. 2 OIEREL 5 OIS AT
X, ZORICBIFZHEET LT X LDOHEE D R EEBZICEHHE L Tw3, #z2IX, T
BEND R POLDEERERICAR L,

F(xi,..., xym) = F(xp,...,x))

BB 2 2 ODMDBEAET 2855020, M (x, ..., xu) WCBHT 2 HEER D KX 1/2
N3 2 Eidwn,

MO EMEOME X, I FIERWCHND., 20 k) LHEFMEICBET 254D
KOWHTIZEE) 2 EER - ERMNICIRZ 3 720121F, BB X 9 ICEE S 13 IS
DEFEE A OIFECR B DOWOE 2 2 FENIC AR 2 S LB E 22 5. 2D X9 2ElsD
5, IEEIEAT S OEEESAT DORNTIZ TANICEROS ZMETH B L EZ NS, AT
1%, BUHBIE L L CBifTAic i S B2 e L ¢, BLMBIEUC X D & £ 2 IERER 5 0
PREE AR DITH 7 v v TV DML E) % fRhT 4 5 .

DT o PR 2 B 1 ATRE 72 BR D — 19 72 SKIRCIT 9 2%, EEROBUEFH I BV TiE, v
X — A EHIFICRT 2 77— 7 U Efi v > v SRIEOSE %I . ARTR I N BT
FIEDBBMR B T 2 HEE RO BERIIRA ZH S 0T 2 2 DICHTH 5 2 LH»
CODDFFNTRER KL DR RR I N5,

2. ¥fg
21 JEHEHEE

TEOESEACRIIHLT, EFRITH G e (0, 1)N LB f:Z > ATERIND

ROFFFIOWTEZL, f:ZVoz2=(z1,- ,av) = (f(@),, fzw) € AV L BV T,
2.1) C(f.G.p) :={f(xG) : x e T))} c A"

LY. EL,

(2.2) T) :={xe{0,}": T¥ x; = [pM]}

Thsb., ¥, NIFFFERE, MG N) ZEHRERIE, 0<p< 1 ZERERINICE
ns10EGE2ET, EfiHE, R=M/N>1Lt75,
22 BT

ETOEFENA{0,1} BTz &), THEADC,---,Cy, JIEARD L), --- Ly TH 3
M x N fi9lD%E % Guy (CHLALY) = 1{G € {0, 1N - we(i,G) = C; Vi, wi(i,G) = L;
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Vj} £9%. WE, Ci,---, Cuy Ly, o+ Ly D3RI P (Ci) ALY = o YT, Pe(C))
(T PLULY S(TY, Ci B L) 12t & LT, BABE f(G) o7 v v 7V T %,

23)  Eolf@l:= > Pun(Gf©G)

GeGun

=Y > PachiLny Y, G LT ')
{Ci} {L;}

GeGun({CiHiL;

LEET D,

2.3 IFEtS T

Az = (z),2 = (Z) € C {0, l}N ODEE%E% Hamming Bl d(z,2') = ¥, o(zj32) &
L, MxEE#E% d(z,2)/N £ T 5. ICHBE 2 EHT 5.

- >
— -

R

DX
1
(d(f(le) F26)): LwNJ)
rpM I

FEEES AT ICOWT S, G2 5N ERTH G IO W TOEEES R OR O 12, RO
D=L Z S,

1
(2.5) gow; f,p) = 51330 N InEg[D(w; f, G, p)]

PHBE AT DINFRHE 2 3Hli L TV 2 DT, 5D 7 v v 7V D 7 i/ NEREED SR 12 )N
SV ) LY BORGHAET 2 W[BIEDN D 5720, I DT OPE- A TIIHIERT = & [

UKW TORNEBEZ T T2 2 L I3 TE RV I LITERDPBETH 5, E, SR
TRBOSIEA & 72 % m/ D ORI R 2 i/ EEE & O,

(2.6) i (f5 p) == min{w € [0, 1] : gp(w; f, p) > 0}
LEKRT B, £, Hum/MfoRAME, BIRA 2 2z

(27) mm(f) = max mm(f p) pE [0 1]}
(2.8) Pmax(f) := max{p € [0,1] : d,,;,(f, p) > O}

LREET D, 2T, ZOMBEAREE BTN R O T, BisNEEE B
meNAE, BRHHPRS 2 GHIS 5.
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24 T—UFPVEEEYIVY

T=) T UEER Yy 2E, FFEEE 2 e {0, 11N 225, HEIERY] x € {0, )M 2R
ZM8ETH L. 727, M>N EtE->T0w3, ZLU—75F 2T, Feikix

2.9 z=xVG

TEE 5, %?ﬁ?f%< E, Zj:(xlgl,j)\/"'\/(XNngj) E b, 2L, Vci%ﬁﬁfﬁ*ﬂ@‘{fﬁ
Byz&ky., Ini3,

(2.10) ﬂm={?’228
LU,

(2.11) z = f(xG)
EEMTH B,

3. S

HHREEEEDS w > 1 TOREBEDAIIE, RDOXIICEZEHT I LNTE S,

1
G D f.Gp) = o o(d(fx16G), f(x26)), LwN]
T
| p |x1€{0,1}M x2€{0, 1M\ {x1}
M M

X 6(2 X1 LpMJ) 6(2 X2i5 LpMJ)

i=1 i=1
7L, w=0IZR L TiE, BRI Sd(f(x1G), f(x2G)); IWN]) %, I(f(x,G) = f(x,G)])
= [IL 6L xiO)); [f0G)]) LHEMRA2ODET 2. 22T, [x]; 1, <7 by
DE JRSERT. DBEOMBITTIE, w> 0058277, w=00%H4Ab, & Fk
ICRTZENTES, THIDE jIIRT P LE g b BVT, G=(g, .8y £&EL.

Kronecker @ 6§ DETFER 6(m;n) = Ozm % e Dirac @ § B Fourier 557 £
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5(x) = _mi,d—)?ef‘x 2R, viji=x1-gmj=x-8; Vj EBLL,

ooi 2mi

3.2)

D(w; f G, p)

d,u1 _ f d,u2 _
—AwN 1 —uipRN 2 —u>pRN
g szzm fzme 2

M

N
X CXP[,Ul Z Xij + Mo Z X+ A Z d(f(x1- g, f(xz- gj))]

i=1 i=1 j=1

- T 2.2
(1o f et S-S )

j=1 i=1
da du du a N
YA —AwN Sl —u pRN 2 e PRN 2 : 2 : ] 2 : ] )
fZﬂie f i 1 f it 2 exp[pl P i ¥ i g i+ 4 “ d(f(vlj)’f(vzj))]

L n, WEOHIPHIZRGIZ AN L 2. BERESA D(w; f,G,p) D7 V3 v 7V (1741 G
I X 21) ZEHGT 5. 174 G 2 & U HEO WIRHE X

(3.3)

b, 2L, Z OWDIE, HEVFRORERZ B0 E T 280 M 2 KIRGHE D ic—
J$ 2 & 912459. RIS, r(x,x) = 4 S Zio(xp; x1)0(x0; x) £ 8L, Tk Dirac
D 6 BB THROMMFBFMED T I D AA T, ZD ¢ BA% % Fourier #1795, \WE,
r(x1, x2) := gb(x))b(x2), F(x1,x2) := gb(x)b(x2) £ B L. #(xy, x) 1& 6 B%% Fourier 54y
TR L L EOMPWERTH S, E5IT, b(x) := 1-m+Q2m—1)x, b(x) := 1—m+Q2m—1)x
E LT, BBUb(x) &, {0,1) RicfEiz & 202 P m TRIL T, KREIF g THE
TEL LI LEbDICHIBT 5, B b(x) bFRETH 5.

COMRHEZE O TSRS X > TR B 25§ 2 &, HMOMm»FMTcE 5.
F 72, uy, wp DERUIIEFE DN TH L e, uyy=up=pu £tEL, T L->
T, RO F &, ZOBK fFICk>o TERSINITFEDTEDOEARME 4 12
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2T, HIEE AR,
(3.4)

gmwmj:fﬁg+ﬂmm—aw—amR—zmm1—m—m+2mm)
P

+Rmzp%mﬂwmc+a—mff
C

L L

+anPL(L)ZZ( €L1 )mfl(l —m)H'( é )mfz(l—m)L_fze/ld(f(fl)’f(fz»}
L 01=0 (=0

EFHiTE %, 72721, h(p):=-plnp—-(1-p)In(l —p) DHANEIZL S 2> bR

Y- TH 5.

FfRICL T, w=0 LA AERLFHITZ 5. 202k, Dw; f,G,p) £ L
T, AUASHOMAEZEIE T [TY L, cn Seern 0(d(f(x1G), f(x26)); LwN])
ZHEZ TSI 2, 722, ACHFSEoMAGEr0fR o HHARZIRS SO
9%, FUMFZEOMARRTERILZTELET 2DT, ZRUCHINT 2 AE1%, B
BETAIEEDI 0 &7 %, ZNDNOMELEMRZIRT I LITL>T, 24) & (2.5 TEE
SINDEDMTE S, 72720, HHRFERINCEEND 1 OEG p BWRELS KD E, [
U 5B DM AICHIGT 2RISR T % %, fEHRIE, REDEHOD WV EIG) %
Kronecker @ § Z H\> 72 6(f(61); f(62) ICIEEHAZ T, 61T, B34) TA=0LBWVT,
eX o 2 XUy yp B S bDELR S, TDextr® 13, [HUMFFHEOMEED S
o AHHAM 2RO CREZ & 2R T TH 5.

4. FEHR

BAEMIZ (3.4) ZEL L, BITHICB WO DIRED b & IHREED /i fE 533l ¢
X5, 0E, FEOTL77Xy b2 A={0,1} &L, B fE L7 7V EtY
DU RET (2.10) ZHEA L G AORREEZ I TICRT.

4.1 FER#S T

X 112, Pr(L) =6(L;6), Pc(C) =6(C;3), p=0.05D L ZOMEEDAIREE, /8T XA —
Zmz 101G LIz Rd, £7, FRIBEEIE 2.10) L35, o, p3ERIERIIO
RN 1 ThHMERTH 2. FR/DEHEZ 0.04401 L7522, m =0 DR FFEDLERIEIX 72
(72D, BHEEDAHRBDERINR Y (-0) bDEEZONS, ZOBIRIE, HHRER
GIDEFD 1 TH DR p BREL 5 LB,
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4.2 FEE/)ViEREE

K212, (2,4)-L¥ 27— (Po(C)=6(C;2), PL(L)=6(L;4) DL E, BXUY, (3,6)-1L
¥ 27— (Pc(C) = 6(C;3), PL(L) = 6(L; 6)) D & & DHER p 1oxtd 2 it/ NERE A . (f, p)
DEE RS, BErMEEHIIERIICET 5. £, RS, BIBER paw(f) 2577,
P < Pmar(f) THIUE, THICEOFSZH 022 EICk> T, MHAKDOHERIZTEIC
INELTBZENTES, WE, #HlELT, B3,60-LXa7—DEAICHERT S, Hx/)
FREEICIEMFINEDS D 2 2 L 1F, b L p=0 THIIIFFFEIIFIC 2 =0 &7 2 7 DR/
X0 &0, £, bLp=1THNIRFERIHICz=1 0270, B/
RN 0LAR22E650N5. ZOREIE, p>0.1100 TIHIEL < EHRIERIIHHE
ETERWI E2ERT 5,

Febe/ NIFEE DS IE ORI TIE, MEICKIE, A ABEEFNTHTH, FoIcEWRS%2 A
W3 ZEILLS T, MEARKMOMERIITREITNILSTEIENTEL I LEZEKRT S, i
Z0E, fEHR/NEEEDS 0.2 O%A, BED 0.IN HAMORTBKIEE THAETEL 2 L
MR IND, Bar/MEREOIERFER, BN 2 4 X3 2854, HlZiE, 3,6)-L X a
7 —, 0.01 DIERTEINMBKIET 5 7 4 X035 2854, Hs/MEED 0.02 THL, +
FICEWHFSZHWS 2 EIck->T, MHEROHERIIERITNSISTEIENTE S,
ZD X9 7%, EHRERINOEED 1 TH BHERIL 0.006 < p<0.083 L2 EDBOH 5.
iU, HEHRERINC 1 DT 2500 HESICEHL kD, Lvw) I Ea2RT,

4.3 RR/NEMORKIE

B/ NEBEO R RAE L, (2,4)-L X 27 =D E & dyin(f) = 0.0177, (3,6)-LF27—D
=1 c?mm(f) =0.0459 L 72 %, BIHIDS %Jmm(f) K DA, FoIcEWHEsZ2HWwE 2
L2 ko T, MHAEKOMERIZERITNITAHIENTE S,

5, F¥&H

BATA & IERIEEI R 2 o CE R S N5 IEIER 5 O IR AR B 2 B L 722, 7 — )
7 VA vy v 7ML T, % OfER/ANRER FEm L 22, BLNIC 2 £ AA B
%, ERERINC 1 32 5T ETHHEEDSWEIC 25 2 2R L, & b BRI 70 P
DAL 25 EHEZSND limyse vEclln Np(w; C(f, G, p))] D% & 535 #H DO HE T
b5,

i1
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BEE R 7 = — 7 Ly MENTZ W=
MR AN R SO D N TR 52 5112 DU C

FIET AR
R P PN P

BE. H2roBHZ2BEECHET DD D b O b b & BEIERMER SR & v 9.
ZOFEFMBIEE = 2 — o URHEOGBOS & LTRSS 25, FFRIEIFC ISR 5 )
JEE—Z TR OMBNZ L - TlRET 5. IR OB I T RBE &S IR S
nNo. —J5, IEEFREOBEIG L THEBUER ¥ = —7 Ly MEST 2 FV CRE R B8z
SEIL, RREBICHIST 2P —7 OREEZBSET 52 LT, JUSEAEKL TV LHHE
Boma—m VORI BN E THTHZ LICONTIEEZREE L, X0 EREICHEDS
WIS Z T 2 72D O FEIZ SV Tk 5.

Averaging of Observed Waveforms of Auditory Brainstem
Response by using Discrete Stationary Wavelet Analysis

Nobuko Ikawa* Akira Morimoto” Ryuichi Ashino’
*Ryutsu Keizai University "Osaka Kyoiku University

Abstract. Auditory Brainstem Response (ABR) is used to assist when the human
objective audiometry. An ABR has been obtained by many averaging of waveforms which
are evoked as brain responses during 10 msec from input sound stimulation to the both
ears. Because of the fast detection of ABR we think about to possibility of short time
detection by using wavelet analysis. We apply the discrete stationary wavelet analysis
(SWT) to the waveforms of each averaging. By observing the growth of the wave peak
pattern corresponding to reconstructed waveforms of each frequency decomposition level,
we are able to predict the behavior of plural neuronal groups generating responses. In this
workshop, we would like to discuss about wavelet analysis contributing to the modeling of
the auditory brainstem function.

1. XL &I

AAARIESR LESORRIZE D & [1], 2000 FoHFIZ 61T 2 HEE#RE BI85 E
A, HRABIZEDLEIE1T 82 %, T70H5 100 A5 B 8 NEHHE ThH 5 AlREME
BE<, ZOEEMRNEERSET TS &, 2025 FITIEHEE HEIE BT 9 B
FTHML, HAADICEDLEED 113 %ICETEAT L L TRSATNS. RO
HCH mEMEDREAL TND L bl d BHARIZEWTIE, HEEEREE ST 1994 T A, A
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D152 % ERAFENTNDA, 205 HHZOEOE FIZEMN TS MTIFIFH
] (53%) THHEWH. Z9 LESROFER OO L D, HERIIR 2 IZHET L T
ZOAR LIS WEWS JB3d 5. BEGRFIEOBRICHABEIILHATH 505, —J7,
FENRAEIINAETIZRWE, BEAEEOR THS O 2 RET 288D 0o T, I
HOETZLVTILTLEIMEMBER NS [2]. MEIZ L2 HHITB S 2V b 00,
BEIME FIERIEICR D RT N E WO HMELH D [3,4]. 2O LD rEimbita DR/ T
K0 LTS CHRERM Z A 2B CTAEZAZ EFELZENDL I LW EONIT R TH
T 5 [5].

WEHHRETIEZHWTHLD X Z X XIS 2 BRMBAEN BT THLH0, HDLOILNE
W72 56 LT E RIS A R WA I RN ESN VW e D, 20X
D 725565 ORESE LI FEH E R B) 72 VTR S 4L 5 BEMEER S (Auditory Brainstem
Response : ABR, [6] — [12]) 1ZHEMEFB ML OO E > THDH. ABRIZ X DBRAEITIZZE T
TR WEEE &, HFORERADAVNETH LD T, FIHEREETHWLN, BFHITIK
TREIZHNOND Z 13720, FEREICBWTE, sl SRENMEE S, K
S DA TESRFBUZ DUV TR CTOM i O =— XIZBLK Tidd v, Lo, —JF, 4H
D E LA T BV THIEE O R L EEROE S 1BV T, BEERHL OO ELITHE
i S35 A )R OBTER 72 = — X3 72 < Tg v,

TAIFIINETEL LT, ABRREADKEZRE L o2 b B >RSI E T 572
OO ORI L OWITEZZE L TV d. 0 1 SDOfRREK E LT, 1ERITINAEES
2 BN DEFHIEE O MBLBR AR 5 7 = —7 Ly MENT 2 W2 FIEEORFRE 253 T
W5,

KRS, BERESR V= —7 L v MiENT (Discrete Stationary Wavelet Transform : SWT ) %
2000 [EN% & 7= ABR 368 K OUINELEFE O TEIZHEA L, &5 L ~L O FRERETE &
Bz Lo, fast ABROEB ST OB ERR 0 1E BB T2 ) 13D 72 W B Rl D F T L
JV D5 OFERERIEIZICBIEE SN D087, slow ABRGRERIZ AT 1K\ JE I H50R% 50 4 il IR
JE) 1%, fast ABR K0 Z< OMENRMETHD Z LEBlE ST, slow ABR I3 H FM4iE
(spontaneous electroencephalogram : spontaneous EEG) D224 52 17 TV 5 D TIX RN
ETRRL, BHIEMEE &R CHERERE T d 5 iR L ~L A8 OFFHERIETE O 4 IR THAGE
Pk - T, MEZLIZBIZEL, ZOREOET VbZRA TS ([13]-[23)).

2, LUV D8IZONTHIZL, LU A8 B LW slow ABR & DRRIZ OV THER
L7z. ABR %155 72 OIMGEBFEDRICICBEBE R 7 = —7 L v Mg 2 Hvy, fERE
W AR, FRERERICHCT 2B E— 27 O EEZBIET 52 LT, RIGEERLT
WO =2 —a VORI N EZ THT 22 LI W TRIEZRE L, X0 AR
FEDRWERE RIS 2 72D O FEIC W Ciliam 5.
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2. ABR & SWT

AETIZABR 2155 H1EE SWT 2 LI fERICc oW Tk 5.

SWT 19, 2000 [BEIINE L THE 517 ABR B IZITUNCJE WSS iR & T O K %
BT 5. 612, MEBEBEOKREIC SWT 2@ L, ©— 27K ((if8) o2 ke &%
BRT 5.

2.1 ABR #EiH
T, BELE, EROMNE, IRERFFIRO LB ThD

e JLiE : Neuro pack Four mini (H A7)
o JI7E 1L : Positive Upper 14
o EM{E : HEHIEEML ; Frontal, Fpz
(+) M ; Vertex, Cz,
(—) FEHEEM ; ALA2
o EM : i A AR Ag-AgCl 72 &
o FEfHLHT : SK QUL
o M E iR, W H AL
o HIi%E : 7V v/, FE 80dBnHL, i 0.1msec, #IIE#AEE 20Hz
o JNFI[AIEL 1 [8]7>5 2000 [A]FE T

Fig. 1 1%, ABRHIEEBE DT 0 v 7 XA ¥ 75 hERmLTWS. ERIEICLAME L, N
BT SWT 2 AT %72 75 A% LabVIEW L - CTRZ L, ABhEfE < SWT %
AT 256> TRhWEEE 707 78 ETHV 252 L E2R[REE LTS,

A CPU N
: | Averager & o
Transducer [*] éet{l“é}‘;l?(fr Wavelet | |Display
transform

A

1 Amplifier &
AD

Electrodes [~ Convertor

\ 4

Filter Printout

Fig. 1. Block diagram of ABR detection

BT 2RI 7V o 7 L CT 4 VX VEICE S LTl a2 fi-> TiTo . W
) U7 10msec, o7V U ESI2EE L. /6o T, o) UG
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1% 0.019msec (10msec/512 /), FMMARBEIZBIT DOV > 7V o Tz 7 7 A VI
MLz,

ABRIZ, HITENGE VILED 7O E— 27 (B5MHEK) 2 FF 08 H bR S AUt iiE
DA 273V A IEE (RO 72 W ARFE D LRI D & 2 IREBIC, E 23— EORBERED b R
72 DRIECRIBIC B L LT & 2 ITDOBRE L DS, On-fs & b)) TH Y, MFFRReEZ )
5T EIZd & SO IR FETH ORE R AR S S 2 ORI E 5, ABR OF 1
BV K ORI & M OB AE KL, WAE AR iR A Y — T
SMAE R EZ— T - PABSIRIA SR B RS, O SN ZERE STV 5.

FRRH 82 & LT ABR ORISHETE O v — 27 #iE (peak latency) 72 & OFEFE N EI 22 &
Nz, WHIEFEHETH->TH ABRIEBEOBRIZ—ETIZRWVWA, BRE, HELHL,
MATFHEDKRFIZHDHDOD, HELBREDEEL>T—ETHS. E0blF, HViH
3 b S DOIRIEN K E VWO T, BRIGHS NS, Fl2E, EMEE FRFgmE,
Intensity) #ZH L, H VIO —7 OFBIZI Y KISEE (E BUVWNENWEEET
FOGHRE BN D POENME) 2RO T, HEA—VF 7T L2H#i< 2 L THEOZE %
15, FAERERAZ YV —=v 7125 AABR I, weighted-binary template matching
algorithm % VT, 25 V OB OBIE L 9 mET VAR L, BUHET —# &
DL A RD, 1EH (pass) &2 WILEMA (refer) O HEVHIEATT S (B.S.Hermann
1995, [24]) .

2.2 ABRKRIZ SWT Z#EH

MATLAB % VT 2000 [ENE LTRSS B L7z &HE S - SWT % i
L, AR EBERT 5. BxOERICEDHAEEOY 7 ) v JEEE»HED
D3R L~V DORERLJE S A Table 1 12" d. 7= —7 Ly ML U CIXmAER AT RE
72, WEA Y =—7 L v kT 5 Bi-orthogonal 7 =—7 L v  (Bior. 5.5) 245
S XY ABR BB & B e iR L~ & 2 DR T 5.

FriCE R OER T b b HANERE /R Z L 25 E L C ABR EAUE I RE T 5 L
~LE LT DS, D6, D7, D8 & A8 L~V PTG & 5. Fig. 2 1%, HEIE
80dBnHL < 2000 [EN% L T LN B EFERABME (20,21 %) @ ABR I 2 6%
B L7l Tch D, i EEEABR ERFEL TWDHER 24000 THD.
FhEhicx LT, EICL-UL D5, D6, D7, D8 & A8 Ok &K R L=, B/
EFThoTHRICEENE LD DI T, 727, FA—5HiE&tob s Todhin
i, E—=ZERITIZIEE LY. —F, LV T oA ET A L DT AT O
MREOAFERNFITE L. F LB IT 28 V BRSO v — 7 ik 4 Table 2 |2
A A8 LISME, FEERD V BRI — 7 R D 5.
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Table 1. &40 L~V O 4 R E

Decomposition level | Frequency band
D1 12500 - 25000 Hz
D2 6250 - 12500 Hz
D3 3125 - 6250 Hz
D4 1562 - 3125 Hz
D5 781 - 1562 Hz
D6 390- 781 Hz
D7 195- 390 Hz
D8 97- 195Hz
A8 0- 97Hz

Table 2. K01~V D V AT °— 7 Pl

ABRI1 ABR2
Level | Latency || Level | Latency
S 5.80 S 5.39
D5 5.76 D5 5.50
D6 5.41 D6 5.25

D7 5.72 D7 5.39
D8 5.37 D8 4.45
A8 4.12 A8 2.95

2.3 MERMIC SWT z#&EH

AT CIX 2000 [ENRE LI SWT 2 H L <, AR L~ BT 5 R E
DR EBIE L7208, RETIE, MERECHEEZE L CEREIC SWT Z@EH L,
FIZX A E— 7R ((fH) DNED X I IZEALT D287 5. Aiffi THIR L7 ABR2
\Z SWT % L7z A2 HIRT 5.

ABR DG DOF HEOHY|E TII Y — 7 ks & ISR oW 5 2 FIRFICnE e 35, &
HELFHIND OIFHES EFBRANCIB O TERE NS 5 I UG 7 I U R R EH
SNDEVIEOE—7ERFCTH D Z LRI Tl L7z. ABR O B — 7 IR ORI
DN TND Z ENZWA, —JF, MREEBICSWTIE, BB 8 —EECH
REN TN ERD-> TS, BB EZ 500~1500Hz THEK S 4L 5 I IE % 3 ik
5y (fast ABR) L\ 9. £72, BB I Z 80~300Hz THEK S 5 I IE & FEERIE AL 5y (slow
ABR) W95, ZD2ODMSITHRL TEBET HMKICH b H S, LrL, WTiod
A biEE, 1000 [FH>5 2000 [EOHNFALER A Ffi 9~ 5 RIS L2 O T, k) 74
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ABR ABR
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Fig.2. ABR W0 SWT % v 7= Rk 00 2 i,

A LTOHELBIIEMTERNEEZZHINLTND.

BESIE R ANS+ 205%%) @ 10, 20, 30, 40, 100, 200, 300, 1000, 1500, 2000 [=]
BRI ONWT, ZhEh, SWT 2@ A Lz, sHANERE SO SR o EREE
% Fig.3 Ci%, (S), D5 & D6, Fig.4 TiF, D7, D8, A8 DEAEZ %57

Bl sw & 1%, sweep OIS THEEIEZ EHKT 5. Fig. 31358 VIR IV ik & Rt L
TWRWE A TDRETH LN, BHERLHEINTKETHS. ABR PIEFTHD
W o — NIEEFET DO THENSEMETH 50, WIEOBRZ82L, [F— A
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B LTI RIBRHCBE DR D 5008 ) R ZIICB W TITEETH 5.

—%_,#M&% iﬁ&& FEIECH DR WA R CHIZT 5 Z LIXTX 720,
D5 ORI T, 13F 10 BIFEE OB R S MR RSN LT H RSB OA
HIFE L L enZ &75)5)%%75 B TE 5. EbIL, EFEEON) =— g SURFEL
RWNET, [F—RERICR L CRER —ISRIeR G oD 2 &%, ERAEREV. £
BS, D5 OFEREEZ AT, 5§ VIEE— 7 ERE X O [V K e — 7 MR 2 1E 5
% &, IEEE 10 B TROSEIE & ORI 0.9 7220, 200 EILL EI3FEBIMREILIZ
1 &0, BrxOMBEIX200 B THDL ZERbhotz. BEHOARY ) —=7 BEHE
R CICRHVIUE, R L 0 ERECHIENFEETH D & TREND.

— 7, RERARIERRICRET 5 D8 HAHVNE, HIEMIE Z &1 A8 X, MEREEIC L > T
W OMMNR Y7 L TWAEIICHIETE 5. DSER LR, MEIZ X D8N H
W2 EREEENS. oFE Y DS (BLWD6, D7 bIAEE) 1XHIBMIE 2 & DT E2%ZITIC
<W3, D8, AR AT 5L, HRMELREOTW (D X) 2% TW\ah X ) ichlss
TE 5. A8 DOREAUE AL B M O JE ek iiik & A2 Y, E£72, D8 ORERLJE IS H
WE, FEIRERCSY (slow ABR) O JEJ 5k & /2> T b, A8 IIINEIZ X - THIEMK
WOFWAEZIT CEBRMNEZ 2 X5 eBET VREHACE 2 L 8ET L. —FH, &
W E, BRI O BE R ER TRV ol b b LT, T¥ESZITC, LA
T2 LICLo TRIGEHBTND LHICBETE D, BRI OFRAEETT MIZONT
%, EEEHMAREOILRIBEOLEND DN, TTIXREICBWTNERE O
ARG % 3 A 7z

3. MEKBDEREMEFR

INEWEF D A8 3 L D8 DO (1) 12 L 2L AT IFER A2 Fh Lo, i
LabVIEW2015 Z /. A8 1T n=4, D8I n=>6RICLDELNP FETH T,

n

G.1) y=> ad

k=0

3.1 A8 Kzl &R

Fig. 5 I RTIMBE R BT — ¥ %Jﬂ%’(%%ﬁﬁi;ﬂ%ﬁ/pk e 1 TPl 25 T A D IR ER T
4|ERY, iﬁ, %IEJE@H*%Z T Fig. 6 IR T X912, R¥tay Bikb RE <, BE
ai,ay,ay,ay OEITIFIEREZE SV, UL, NE /ﬁﬁ/@ﬁ@, T2 OB O MK
ZhH 2 DRt @f@i, INEEED I WERRE, fIMEZ 52 24 t DIETH 728 D03,
ABR #1551 DMELK T D L, MKMEZ G2 DKZ t DfEE 72> T D,
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3.2 D8 KM ELLFER

Fig. 7T TR T MBEWRIET — % 2 W T HAL R 21T o 72, iin P2 H Ao IREIT
6 kL, Fiz, %IEﬁ@fﬂ:ﬁziFlg 8IZRT L HIT, ¥k ay B bRE L, 5%
ay, ar, as, as, as, ag DIEITIZIEFEZEIZ/ NSV, Lo, MEREOmYE, T7RbbiEro
MBRAE % -2 5 W54 ¢ @@c;t, INEEHD 7R T, WUMEA 52 2FEZ] t DfETh -7
HON, ABR DR HMEEKTTHE, MKEEZ G204 t DfEL 72> TN D,

3.3 BEBEEDEFZRETIL

A8 1T o, Bile, yile 72 Db h D EHFEMEE (spontaneous EEG) O AR 2 & de. #E
R AT KIS % D8 & H IR ISR 5 A8 DINFE Z & OFEIE & i+ % &,
FRIE VIS REAE ORE (RO 5) MZER CTh L. mEDOMAAFEH L T
LEOIZEbiG. Thbb, D8 OMAEKELZ T 5 &, 2000 [ENES 2 Z L2k
T slow ABR IEER S B4, R 5 005 6 ROMOWEOMAKELZBIET 2L, MED
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Fig. 8. &MEEID L1 D8 DIl X LR E

L2 D8 & AR TIIFIER LK CTH D Z LB TE 2.

Fiz, ZHEAELORE R DI ag DRENRE S, TNLSOFEMEIT NS &
IERTH 72D T, 20 Hz D A5 % Dirac comb &5 %, H¥MKH T Dirac comb
W5 LR ET7-TTC, EFARGD) 2E5ITRO L I ITHE LT,

n

(32) y=a(N)+ ) alt = 5N

k=1
CZTCNIEFMEREERT. n=4DL & A8, n=6D& & D8 DITPLZHALKT.
Fig. 9 1%, AR LT NN DWROEREES OXRRHITH L. VMBI 0.98
LY, RMEORWEUZHAEZ:GL 2 LN TEL.
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Fig. 9. 2000 [N D L1 D8 & A8 DU {ELIZ i

4. FEHLEEE

SWT Z H\WT D5 Tix, D RWNEES TR b2k a5y (fast ABR) 12 & 2
REOIHAFRETH Y, L0 Bl ICHIRE T & V EEREORMFRZ R T [-L dh#ROfiE o 5
BMERNEE-T-. Z0OZEE, ZBWICRBITS 1 >OFIEERIRRTLEEZD. —7,
D8 THIZ T X DRGNS (slow ABR) (%, 2000 EINGE L v XK CTE 5200, EBR
Bz oL, Lr< e 300 B EOMEREEZEL, NENRLETHLZ Enb
Motz MENRELAZBIZETS L, TOHEBIZEBEME & OMMRE WS 7k 2nEE
LTWDEIICBETHZ N TE. 2T, A8 T/bh, BN & FIEkDOHERK)E
Wt & R oW B OIMNERRR 2 B2 T 2 LRI O T-23 D8 LIZIFEFETHLZ LD
Mg TED, L, IHZEROREN A8 1L 4R TH- =Dk LT, D8I 6 ®AR
VETholo. 2L, HEMEUANOHIEE IR EE 52 D=2 —m A=A LD
BG-GB T E 203200 ORI REEIR T — & TORGE, T7 /WVIKEORE 4 n E3
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