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Extraction of Nasopharangeal Mucosal Lesion Portions by the
Two-dimensional Complex Discrete Wavelet Transform

Zhong Zhang* Chong Huei Shan” Hiroshi Toda*
Takuma Akiduki® Tetsuo Miyake*
“Toyohashi University of Technology
"Graduate School of Toyohashi University of Technology

Abstract. Nasopharangeal mucosal lesion that caused by the laryngopharyngeal reflux
disease (LPRD) is a kind of disease when the stomach acid is refluxed back to throat
and affects the larynx and pharynx. And it is hard to diagnosis LPRD. In addition, all
collected data are contaminated by noise that will affect the analysis result. In this study,
We proposed that combining the 2D-CDW'T with morphology in order to extract white
dots from NBI of nasopharyngeal mucosa epithelial tissue.

1. ELC®IC

B OWCRAL R MERIZ & > T, BERYGTIZ K > TR Z S5 2 ERER (2 B S0 i 5E i
DIEIR % FF 2 5 B O LPRD(laryngopharyngeal reflux disease) [1], HAZET rﬂlﬂ{%ﬂﬁﬁféj\_
WIE] EIFATWD Z DL Lo TWD., HARTIE, 1995 AFENH SRR Y REIZ B S 2
HEVPBATHY, BOETIRELAEED2D2H 5. UL, HATOMREMRIERR SR D
FEMRITELESNIZ BN 728D, BRI & AR~ IR H R R s R &, ER e OB EIZH 5 &
ZEZoNTWVWAEDD, MEBIEPEPZRINTOWRVODREIRTH S, F£7-, WHMFEIEAEE
JEEE DFER IR~ 2 EBNPEGLTEY, PR ZE 2 HMTHELI LR ENRNEZS
na.
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Fig. 1. LINSEEIEO Py B 5 0 ]

FER S [2] 1XNESE% FI\ T LPRD &3 O EIRSREE I R e 28 b 2 380, & DKL
ZALDIAR A & 5 A ZEE/X X — > (mackerel cloud pattern) % € # U 7=. | A S5
KRR D ARG DH 2R, 72720, K1 O (a) I&IEH 72 IR TEKS IR o PR 85 i 5 oD 441
T, (b) X EIREEREOREZEGOHITH S, KmRO & 512, IEH A LN TIXHE S
DRRETH BH, JHE R LIRERIE CIER LR D D, 55 ZEEATZWRE DN
FRIEENT WA, Ziuk, WRIGEIERE S HE CThl S > 72 EINSEREAIETH 5. AWFET
W, E R GERE HE PN A8 OD EER AR AT 1T & 0 IR SRR R 2 Fl i U, RETIZ W D720
DHERALEREZRRTHHNE T 5.

PERDEBUIETIETIE, BEEEBO R — U EREP S RIGERET 27—V 244
o 7 FIERHAR—NVEEED 7 4 V2 ) VI kT y VMIEFEEZ WD DA D
% [3]. UL, 7=VIEBEAVSIELEIE, TI7AFYEORENX—VEFEFDOED
CHEDRONS. /2, AR—NVEBEED 7 4 VANV IHEVEIHER, FHRENK
L, MEBHPELS R-oTLXS. TITAETI, V=z—7 L v ME# (Wavelet
Transform, WT) % i\ 7z B R ULER % M3 5.

TV RIVERIZ WT % 5E 3 5854, Mallat [4] DMEE U 72 % EAKE AT (Multi Res-
olution Analysis, MRA) O E#E 7 )L TV AL % AW Y = — 7 L v h & H# (Discrete
Wavelet Transform, DWT) 2% < fiLnwo b, Z D7z, —RIR 7 1 VRNV 7 L1
R, FHHEENRDLNE WS RS EFRED. £72, DWT 3RO 7 — ) T8 IhR, FH
RI72 N 2 — U R DR M PR MR I A ATRE T H 5 728, B ATREZREER 1L 0N & S Rl
MZERD., 5612, MRAZHWTWA728, DoG BEBD L SI1ZXF7 A —XE2HET 5
e, BAT—NVOESEMETESNAERD. LL, MRA 2\ DWT T
&, B U725 OREONMEIC & > THFTFERISIZS DENAEL, RS ZR7272
W, D7z, FER, HHELEGRLHEANETH o, ZOMBIZH LT, FHS (5,6]
By 7 PAEEREER Y = — 7 Ly h & (Perfect Translation Invariance Complex
Discrete Wavelet Transform, CDWT) % 8 L T\~ 5. CDWT &fthiZ % kingsbury 5 [7]
% Selesnick & [8] m ENMERINSZH D H DM, KX TIEINS ZHRFRL T, CDWT
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EDNRR—VDEETHREINDEDEEHL, MKDOHE TR —Y, F7IIME %
HTE5., AISETIX, AW 2D-CDWT €L 7 + 0y —jffHx 2 llAasbE, W
WESEER W FAE (& 2 EIRSEREIR A Ol 234 5.

2. 2RTERBEHR VI —T Ly NEHBREEIL 74O
XL

21 2 RTHERBEH I —T Ly NEHBODEE

kD DWT % 2D-DWT i, ¥ 7 M AZEWEDO R EMFIEN D5, TROLEED
KO E K > TEMFE RN E LD, @R EGUIEPSREE L 2255808 H-7-. FH
5DRET S CDWT I, Meyer DEKX Y = —7 Ly hEEMBICHFFSINTHD, E2L2Y
T MAEMEEB L TW5 [5]. COWT IZEHE & BEEBIZ iz, 2 DDOERY = —
Ty MZL ORI NZ2DO0RETHL. THhbEAT—Y v 7EKIE, FEBEO A
=0 v B R (x), BEBERD A —) v BB o (x) BB Y, Tl -z —T Ly
N (Mother Wavelet, MW) £ [[ U <, EHEBD MW yR(x), BEEHDO MW yl(x) Bd 5.
728 MRA OEETIVTY) XLIZHWBFEBEDO T —INZ - NANRZAT 4 NVEDT 4 )b
REHE (), (bR), EEBHOTNS & (dl), (b)) LT 5. M EDXS7% CDWT %
2 IRTTITHEIR U 72 2 IR RN Y = — 7 L v M & # (2D Complex Discrete Wavelet
Transform, 2D-CDWT) ([ZDWTiRR 35,

2D-CDWT T, A7 =V v Z7HE MW 2, ThZNEETE - BEHRERS, h
SEHVWT 2MIEDES f(x,y) 2 2.1) ZHWTEMTS. 22T, RR»™5 11 DN,
RR, RI IZLATFDX (2.2), (2.3) TIN5,

NE)
iz=]

2.1) f(x,y) = RR(x,y) + RI(x,y) + IR(x,y) + I1(x,y)

-1
RR(x,y) = ) fE o 085 00+ D" > ditR e, couf, )

kx»ky Jj=J kxaky
-1 -1
HL,RR R HH,RR
(22) + 2, 2 e 0o o)+ 3 > i, oul )
J=T Kok, ’ J=T Kok, ’
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D= MZBWTHEKRTH 5. L OGRS IEOCHE [10] 22Xz, kIg,
dAMRR - qHLRR - gHHRR %5203 v = — 7 Ly MEEE IFIEN, & IR I D a4 12 FH 24
5. ZUz—T7 Ly MREOFEIE, MEUEEDO ANGEEITHL, =32 - g8
AT 4 VA EHEHT A, LT, BtEMEZXY VYTV, £y z—T Ly b
B EES. £72, HEL)LOD ;[/ﬁkx(x), ‘/’5‘,1{‘,()’) HDOU—T7 Ly Mk, Z22f (FR) 48
BiZB\WT, ik - MNDBEBREH S, Uz —T7 Ly MEEROFHELIES XU L RV
DU z—7L v NOBEROFEMIZOVWTSH, Hk[10] 22X vz, 2D-CDWT T,
[EEBRNHLT S R 25l DADDAT—U Y IRIE, K5, KRR
RO D qHIRR - qHLRR = gHHRR 252 )3 0 U5,

22 TIIT7+OY—EE[9]

BT 4B YRR, NRETHEGENTICHEER L IFIEN /NS 2B Z2 S TR
B, THIZEVEENHONRE L5 2T FIETHS. V7Y —HER
BODOEAWIFIZ L 0T 0N, Tho DflZLANITRT.

2.21 #&/)\L3E (Erosion)

Ma/MLBELZ L 7 A0 Y —HADEARWBED O L DTH D, T ORI E D G112 2 [
HAE U 72 HI 2 DBEL, M WES 2E > THWEOREZIERT 5. B 2§ A oS RE
LEEE B 251K 28T, ENT7x0 Y2 TH L. X2 1T INUEDH % /RT .
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72720, O (a) (EENMUEIZ T 2 H5E B T, (b) IJMIEE R A, (c) IFUHDRE
RThs. K20 (a) ITRTHEBITIE, EHEKMITEHEHEZETD D, HEIBD I WE
FERT. H/NLEIIHE B 2 REG A IEES Y, HFOHMICHRT 2E G A OE
FENEHME1 DL E, FHEZEN 1IZEL. NG EICEHEZEZ 01235, 2
DEFIFIRATRT Z LN TES.

(2.4) AeoB={ZcE:x-beA,Db'B)

2.2.2 AR (Dilation)

BT A0 Y —HEOHEAMHED—DT, RN ZEM S 5. iR T, EHED
INE TR REMSIDN, DL TV D028, WRLEIZLTORTRT Z 2T
3.

(2.5) A®B={Z€E:z=a+b,ae A,be B}

72720, a3t G A DEFE, bIIHEEEB OHERTH L. X (2.5) OMHAFERIX
TR A CHEE(LEE B OERMGHRMEZ L oL DTH 5. AW TIEFRMIEZ 1,
5 A ROV A X &S 5. M3 ITIFUEOFIZmRT. 772U, KD (a) 13H5E B D
B, (b) IFAWHFREHR A, (o) IFNHEDOFERTH L. KD (a) DHGIHIFFEHEETH
D, HEEHSIXHWEREEZRT. WIRAEIIMEE B 25 L EH A IERES Y, HEES
DOEFITIMEELZLEDR 1D E, FHEZEN 12T 5. TNUSOGE, EHEFEZ O
29 5.

223 #—T7 = J4LE (Opening) &/ O—< > 7L (Closing)

F— 7= RIS NMUEE & R (3.2 ) 2 MlAS DY, —DATFv S LT
HT2EDTHE. Ay T TONFIXERANHENLELZ T\, RIZERLEE %2 EET 5.
Z IR D IME XA U 72/ NS RIS D A% R ET 2EHZRf o TWwWad., Zu—v v
SULPRIFIZ AR DRI /NLEL 2 17\, REOMERX RO A% IRET 2/EHZED. B4
=TT sa -y TN OFERT. 72720, (a) 1ZA—T =V T, (b)
ou =y UEOFTH S.
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WARBEH R TIRRE S <, TOEENHT S L, KEDGIZS A ZHERkE LTl
NTUES 70, KEDEEBITRVSmEEEZY D KT HIEE2Z X7, AIETIE, £97
RTONBEBEE G % [F— 725 TR T 272012, T 320 x 320 EEH1 Y 0 B 55 %
AL, MR RWE ZAFT, FEITRZBEHL CHEEZU D HT. £72, HfEE A
MIOHTRS S, B ZOWEBEDIESI R RZPT V. LrL, XY a2 THGUHE %17
5 & EIZ, HEENEL, HERMbL2E. THhLHRLT, B2 L —A7—)LL
IS DEHELX T V. /o T, RITIFT D HINAZEHRZIRATT L — AT — ) ~Z
5. 72720, R R IFEGEORAEZE, GITfkEESE, BIXEFOEZEEZRLTWS.

3.1 Image(x,y) = 0.299 X R(x,y) + 0.587 X G(x,y) + 0.144 X B(x,y)

X 6 IIENHEm G KO I NZEEDO T L — A5 — AEHFERZRLTWS.
7720, 6D (a) RABEEOTHIGT, (b) 130 HENEE, () 1E7L—A7r—2
B X N7EE OB TH 5. Fig6.2 Tik Fig.6.1 (b) & 2 L — A7 — ZAZHUZ U 7= i
BzRT.

3.2 2D-CDWT IC & 35t & / 1 XBRE

X 7IZRTDIE, V=R — VAL /- E§ % HHAAA, 2D-COWT % EfiL, fif
Bifbe ) 14 XBpEEfT > EROHITH B, 7270, KT D (a) 1% 2D-CDWT 12 & b [
Bea DR U TZAERT, (b) IEfI -Gz Sk U2, Bk S 0zl (o) 116
Bifbe ) A XRExRToTH S, HEZBHHEELZERTHD. YV —T7 Ly NEHIE,
2D-CDWT IZff L7z~ —w =7 L v b (MW) ZEZEHR Y =—7 Ly hO—FETH
%5 m=34RI-Spline V= —7 L v NTH Y, BEHESMHUHEIX Level- 4 F TEMLZ. F7/z,
E RIS LEIZ Ty V2R T 2D I HEHINDFIETH L. AWETIE, S
A RO # iR 3 A 72012, 2D-CDWT T/ X 7=z LT, Level-2 TD

11
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Jx—7Ly MEREE 21512, Level-3 & Level- 4 DV = —7 L v M ZEZZNTH 3
Bzl ZhiE, M7 0 () 1IR3 &1, Level-1 12135 A ZHEEBEDIBHWANIE L A Y
Honz<, Level-2, Level-3 & Level-4 12135 5 Z RO G R I HEZR T E 72728
THd. HTD D) »onnsd k50T, BEEEBLMEDORERIE S A 2Bkl FL % 58
L7z, UL, RER /) AXTHERPAINTLES T MR L. Zd EIRSERERD
REDPHL o722 M5 TH .

ZFIT, AMIERIE /A ZARECZVz—T Ly MMaREERZMFH L., Yz —T7 L v M
JB¥EE Donoho [11] IZ X W EEEINATHET, Yz —T7 Ly MEHIZ XD ORI NEE
V=7 Ly MEEIZHN U TCHIBES E /A4 XDOER 2T\, BonHkhryc—7
Ly M EEER L CHWES 2T 2 FiETH S, LUFIZ Soft thresholding & IFF X
N5 z—7L v MGBEOWIEAE KT,

(3.2) |@A:{@”|A’ @3;&

72720, |djayl &LV jTOY 2 —T by MEEOMIHE (/)L L), BWAE (x,y) &
F— X OEERE, A FEE, |d | E0EENEZERESDOY 2 =T Ly MEBOMKHET
HbH. £7-, BEAIZRATEZSNS.

(3.3) A= ko
ZIZT, A0 o 3v =7 by MIOEEERZE L, RATRD 2.

median (“dj,x,y| — median (|dj’x,y|)')
0.6745
772U, median(|djy|) 13 |dj.y| 2 RE S DR 7ZHRIETH 5.
N B2) &K, HIESOIRIELEME X b KEWEEITIE, BELLTDOES %
FEPSHEL, £REZOHMNEZXYOTEII LIZL->T, IBIEO/NI W< 4 X7 %
PRETHILENTES. ZOLIRUHIE, HxD7 z—T7 by MREUZH L TITW, 5

(3.4) o=
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Abstract
T4 A= a Ty RBAVSN TS EROH I ORSEL, AADRE R
BRICKESMIFET S, LrL, T4 Ab=2a > T4V R0y VT REEIERIE
ZWTH 578, Fourier 2417z VT fRiTIZEE L. SEFAE Y2 —T7 Ly M2
WC, T4 A= 3 Yy ROBARRZIRET . 61, IREFEZHWIEO
EADILAICOWT BN LIV .

Dictation on the sound design of the distortion guitar depends on one’s experiences
and skills. Since the distortion effector includes the clipping process, which is nonlinear
transform, it is difficult to analyze by the Fourier method. In this reason, we propose
the method to analyze the distortion sounds with wavelets. Furthermore, we shall
introduce the technique to dictate on the sound design.

1 XC&IC

1.1 TA4AM=3>70I1b2 &

Ry IR0y VEDY X VIV TENE XD BIESDERTIE, T EE>TVNIEE,
ILFFR—ThH L LIe TV 2IVESEMWZESRMEDN TS, ZCTREBELEZ
B0, TT 27 REMINE T )V RZZHNT, BEXESICELZNMATNS. 7
JRCET A A=V a VT T2V R A—F3ALT V7% AV Ly T 72k E
DORER IZFEMEE L, HEERIZTNTFNOLT 27 ZZFMELENS, IFHDOE R RER
LTWL. ZOHITE, BHAO—FETHEITAAM—a T Tz 72 30T EE5->THED
WEEHWSEND, FE2VZXNMIIREIIRADHZLTT 272 THS.
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(a) Clean (b) Clanch (low dist.) (c) Distortion

—— Original wave
——  Amplified wave |
——— Clipped wave

20

Amplitude
Frequnency [kHz]

time time [s]

) ) Figure 2: f(t) & f(t), f(t) DAXZ v ¥
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A=y a YUY ReEZ B3 EYTHS.

2 TARM= 3T FOBFEEICDOWNT

BRET2—70Ly bZ2HWT, T4 A=Y a3 YUy RORHEMEZIT> T3, FF
WA TRREEEOE WV Haar V2 —7 Ly hZHWT, T4 A b=y 3 Y72 ROk
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1 (0<t<d),
Y(t) =4 -1 (3<t<1),
0  (otherwise)
ZRITEDLET 5.
2.1 aE

I DHBEIEOMHZICERH LIEREETH S, 7V v BV T ENATICIETTOE OFHRD
KoTWiaWeER, IRIEOMEINZRHMEL LTl d 2. B5 FIcn LT, BIRIZRRE

= E 7
[rwe (50 e 0

CIEEL, TOMEMPRKZIVIZEEATNS, BIBT 1 A—23 DD> T3 EHIlrd
5. COFHEZMNEESRT EICT . GAENKES FICRHLT, Haar vz —7 L
NeDHBEZE BT LT, MR EME L TIRASTENTES. (1) ATHB N Ta!
ERHIENEDEEZD L, Haar 7z —7 Ly hOAT—)IVHZE(LT 3L, ThicEbE
THHMEOENKESZLLTLES. Z070, BEORICAT—IVIST A—Z o= ZZHT
5ZLIickD, Haar Vx—7 LY FORT—)VOZLIC K DR EEDOKELRZEIMZ S
TEMTES. UL, flax+b) DEHICHEFT S 1 TGEM f(ax +b) = f(b) +af (b)x &5
Zlze X, ffOWEME|IEHLTVWS, L0528 THs. iz, aHidy((t—1b)/a) D
L'R)ICBFZEMEETIBICEHNZ BB ERZ L8 TES.

COFMEOERIX, HOEE, IFEFICLEE,, bWnws2ETH5. AL, EHERAL
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2.2 TE9E
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DCT and DWT based Block Adaptive Image Compression
Algorithm Using the Quantization Errors in Each Block

Keita Ashizawa* Masaki Morita’
*National Institute of Technology, Maizuru College  "Meijo University

Abstract. Currently, the most popular lossy image compression scheme is the JPEG,
which is based on the DCT. A key issue in the JPEG is how to avoid edge artifacts due
to the Gibbs phenomenon. To avoid the problem, we apply a frequency transform scheme
partially based on the Haar transform to the JPEG. The Haar transform is particularly
effective for the reduction of edge artifacts owing to its rectangular basis functions. Nu-
merical examples using 8 standard images with various features show that our proposal
improves the performance of the JPEG, especially for step edges.
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9% T E DML RNEIR.

BFD TV 2)VEGIEREDZ <&, 71w 7B OBETY 1 2448 (DCT) 15D
CHEAMESHWSENS. UL, DCT ZHWcaE, wifgZe kS % 4 DRKN 7

27



28

Proceedings of the OKU & ISM 2016 Workshop on Wavelet Theory and its Applications to Engineering

Oy 7 eRz@EH 4, Ty lkF870y 7T, £A7 0y 7RI O HENES
LZ5lERLTITTEMENTND. ZTTHLIE, RENBET SR —T Ly
ZH (DWT) ICEHLe. TNE TS, HREZRKE URd HiliZx DWT Th 24/ —)V
ZHs (HT) 7% DCT A B DR T 7 I B R O G TARNDISHIC DWW TR L T X
Tz, ARETI, BIRIOAT—27 2 a3y TLRICHRER L TERIKROFHBICOVWTE o
e, ZNOREREZEGTEMEICHEINT 2BOMEM BT S, 20 LT, Jay
D BN TOWNIRE WS BHHADHT, T x—T L ERZEDXSITEH L THL O
EWVS T ez LT,

2. MHHELEINERE#HR (COT)

INFET, BARZERZLHz2H—7 0y 7 CHAGDE ST &, WFrEZ R < 7ok
FENTER. BLZ, BEREMZHAGDOEERORERZ TOREL LTHEL,
ZOHTHREZREDZ T 0y JHIGEINT % & TRbNIEIEZ 45 T & ZidAr TV
% [1,2]. AT TIE, conzifiaabeiERLZH (COT : Combinational Orthogonal
Transform) 75z0& LS.

2.1 g

AR EREERES & Ul E 0B B IR D { FEREERE R ORI % Fig. 1 1<)
9. JPEG EH#E S5 TIX, 8 x 8 MiBHAI T Oy ZIcn#lEhizdXToTay 7ick
W, DCT Zif LS s lir & b7 — 7 VTR HE LRI S 21T
I [3]. FHUSH LT, COT ARNTIE, 70w ZHIGHEICIICERZH 7175 . Fig. 21
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Table 1. FEERDEID B TENT=T Ty 7 (g = 50)

K,

k — O k = k = 2 k = 3

N 2453 1060 327 163

(a) Barbara i’fi)wm 2151 715 212 856
NSO - NKO 302 345 115 -693

N&o 2519 730 633 212

(b) Bridge N&o 1702 760 971 658
NSO —NEO 817 30 338 -446

N 2380 1131 249 120

(c) FishingBoat N%’f;)orm 2028 1118 376 302
NSO —NEO 352 13 -127  -182

N 2439 911 500 171

(d) Goldhill N&o 1546 818 666 970
Notn =M 893 93 166 199

N 2343 525 1012 215

(e) Mandrill Nil—(i)orm 2004 503 1196 389
Ngo -N&O 339 22 -184  -174

N 2361 655 737 211

(f) Pepper N 2044 629 797 452
Mol =My 317 26 60 -4l

N& 1989 783 738 310

(g) Splash N& 1596 827 772 555
Mol Nl 393 a4 34 s

N 2246 754 553 197
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1—norm

Nogr—NS0 . 275 48 41 -188
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B OBE DR L D B B8 N o
7 x—7 Ly MENTIZOWTDEER

N T AR EH g
CFOEEERY T RREE RS

BE., HHSOBRETXZZZINADZENTERVES, MRENEIBAENER SN
L. TOFRTHLENOEFHEZ 52 THERINHIMEZRHVIBRENR S S, ZOBREIX
MRI 72 BTl D E 2l TIT O DA 72D TRRZ 72 ECOIEHANREEN D03, Mk fig
oL SODIHRZ L VOERMEPENL TS, FHUIREIRFZ W O EELEZ K 5 H
T, AT E CHEMESR BT Iy = — 7 by MEfTZBEH L CE/-. ZhET
DR EEICONWTE LD D LT, MESEPARIC LIRILRICOW TR 5.

Application of wavelet analysis to auditory evoked
brain responses using objective audiometry test

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

Abstract. Wavelet analysis is applied to the auditory filter of the cochlear models. Au-
ditory evoked brain responses which obtained at mid brain that relay part of the auditory
central system are used to assist human objective audiometry test. As examples are Au-
ditory Brainstem Response (ABR) and Auditory Steady-State Response (ASSR). In our
previous study we proposed a novel quick diagnosis by applying the discrete stationary
wavelet analysis (SWT) to the waveforms of each averaging. In this study, we discuss the
effectiveness and possibility of the wavelet analysis to accuracy and quickly detection of
the auditory evoked responses.

1. [FL &I

V=7 Ly M CIEH LR OLTIREIL, THUNATIEIE e L2582 v
%2 LT, AEEHEGEORME AR IS W T — Y YT LT, R & R % [
FFZR N TGS, BIRIRRSRYT — 2 /e E AR T D6 & LTURSTIER ST
WD (BRI [1]). BERFHIRIER TH 2 WAL REIRE R 1%, BRI & AR b
HERIFRZ2 B R ME 2 & Dol 7 ¢ /L & L 72 4, Patterson @ Gamma Tone €7 /b
LA O Gamma Chirp €7 VWD W LR Y L2 70 (BIZIF [2] Z28) TRV
PThHrZenmbnTng. DFE0, 7=V ZGERENI LV by =—T7 Ly Mot
e HLEINTND,

39
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— 0, WREHENE X D0E 220N OVWTIERARERF RN TERVEA R
&, HRE OB S TICHE I ORE &3 5 BN B 555612 FE M S 4 25 BER A 4
IS /A (objective audiometry test) &9 [3]. RAIFE IR O ez, FHK
(ZRT DIMIE B2 L, R S & SICHE A TERER P HER O SO T B B BEMERE R SUG
(auditory evoked responses) ZfitE e L CHEN 2 MET 2 HERH LH. FxlTEDRNT
HEFIC, BEMERMERSOG (Auditory Brainstem Response: HilZ ABR &\ %) SCBEMEE & UG
(Auditory Steady-State Response : Hi{Z ASSR £\ 9) ZHubZ Y =—7 L v Mgl & H
WT, X HEROSHIHRLE T LV OWER E 2R A TE TS, 26 DRUSITARER
EERBERMADOHFRICE D2 D TH Y, ZOMRESIE L RSNSOI HE, MR
BRBREFICBDTUAS AL TS HDTHD.

ARG TIE, £7, ABR & ASSRIZHOWTIERS. RIS, | RoTHHFEREY = —7 L v b
fi# T (One-Dimensional Complex Continuous Wavelet Analysis : 2L T “CCWA” L #597) o
WA, 1 RICBERCE R 7 = —7 L >~ MEST (One-Dimensional Discrete Stationary Wavelet
Transform : DL F “SWT” L) oG 2 ZnEhors L, BEREPRRIZB T2 60
BEMERREFEBOSIZFEM L TE /ey = —7 Ly MENT ORI & ATREMEIZ DWW CRIE 2 4218 L
TEDFPIRICHONTilimd 5.

2. ABR & ASSR [ZDL\T

ABRGEMIZ [4]) (F At & A ap ST B R O BOS TEAIM 2 52 Tino 10 2 Y
BREEEUWNICED b, i (&) ROt (Middle Latency Response : MLR ) (3 PRI
WER LA GRERERROKS E DN TEY, E552ThHrb 100 X U BRELNIC
ROOND. MEDOBISHKIITITZENENATIN DT S TWT, B (Tl E ATk
FOSDMG 65 £ TORERE) 23 50, 100, 200 msec T 5 KIGIE, T OEREE & -
T, P50, N100, P200 7 & LRI D . F£Tz, BRFORWNHF N BIAEIZ P1,N1,P2 72 L
EBMEEND. N & PidttEE /R L CNTC, 22, BYE (Negative), Btk (Positive)
EEWRLTWD. T742bb, KEBOEY—2121E, RYT 47D P &EOBREDIRIZE =
0, FEEORIIE, XHT 47O N &ZOERFOIEIZE SO HTWh5. ABR I,
1IN VILEED 7O — 27 2R O30 R S AVHRERMED A > L 2 HEE Ofl
PO T2VNIRRED B HE D & HIREEIZ, T3 —E ORBIREE) D B 72 5 FlICR I 2 b L
oL ZWZORELDHIET, On-s & b H) ThY, MM O T EIZE L5
O JEWELH OBERAZE N 2 OF AR E A 51, ABR OF TG V ORI &
i ORETARE R, Wi AR A — A Y — T AR T >N
IR BE BRSOt e MTIERE SN TV S,

Fig. 1(5IH [5]) oKD Lo 7 Z 7 i3 kP (ISD) 600 msec, & Al & £ 90 dB
D7 Yy BEORINERTH LS. £ TROWEEIL, &R CEEORE M2 x5O E T
FRELELDOTHS. /£ LT PO I ABR (IEFEIZIE slow ABR), kM E— 2 i bIEIC,
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P1=Pa, P2=Pb TH 5. &£ FXTxRT X 512 10 msec £ TOE 412 ABR O H I E 4y,
100 msec DER4TIZ MLR, 500 msec DER43IC SVR 23iik T& 4. AMIIERIzER o
ABR D% & DR O%S, MLR ORJEOHETE #FK LT\ 5 [5].

ABR(PO) Pa fo Pa Pb

P3 Click, 90 dB, 1S|=600 ms
JJN MLR
Nb
Na Nl\m W MWM« N\
soomsee | EHU—TH TE L
....... 1 8 \ ! >

/p\fn m ‘\ (:- (.
?‘T&Rfi Na B 4 T ; - EEEEE
N R A R 1 ". : M BIFRA
MLR “,
__—_____
5w s 10 500msec

Fig. 1. Pathway of ABR and MLR [5

2.1 ABR D&t

FHRNIZ R S B 2 RIS > 7 ) o L CT ¢ X2 VIEICER LT
EERFESE L THWS., Bl S ICEonkEES (Zvg 1epoch EvH) @
Yo7 TR A 10 2 )h,#/7)/75%ﬂ25 PeoT, 7Y IR
0019 IV (10 T UR/512 5), ZHNZ#VIERLINELT, ABREEEZGS. KINER
BB T DWEIEOT 4 PHENBEIZEBR LTV TV T fliE 7 7 A M LT,

TEDHER D 19-21 51 30 A0 DA bNT-RBRT — XIS THIT & e L7, B
NIEFEHEDOEATH, 2000 [ENEZ# 0 KEE, ABROE—7 BLFHELAEE VI b
F TRV RFR 2 D FEBRIZINT 2000 [FIFREOMEAET 5 &, —BIICE b R E WIRIE %
L VIEOHBINEOND Z &2 FHND LTWAS.

EZ 2.1 Epochy, I$ k & H ? epoch TH Y,

ABRy = Z Epoch,.
k 1

ABRy % N—average ABR &\ 9. Z Z T, 2000 — average ABR % H.|Z ABR & FE5,
ABR TR E—7 ¥ (%252 THoFRBANE—27IZET D ETORH) 2L

DOFEENERINICHA SIS, Bl 2 IXE RS E CGERIPRREE, Intensity) #ZAH L V
Ko —7 OFEIZLVEELZ RO T, HEA—TU A7 T L 5H/#i< 2 L THFEOZE 217
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2, o, BV EOE—7ERE (peak latency) Zah~, HEELH VI E— 27 BRFO
Ptk & L7zt (I-L curve) ZH#< 2 & T, HEREORBZBIET 5.

2.2 ASSR D&t

ASSR &3 1 BPRIZ 40 [E172 5 100 [Bl O 0 3 U 72 BETE I 6k UM 23 & 7 19 72 SO
3 HIREETH D, ASSR IZ1F 40-Hz ASSR & 80-Hz ASSR 7285 ¥, 40-Hz ASSR DjiZ
Ji1% slow ABR (P0) + MLR 72 % PO+Pa+Pb ( [6] Z/8), 80-Hz ASSR M2l slow
ABR 77205 PO EEB %2 53T\ 5. 40-Hz ASSR [ZREEFRFIZ, 80-Hz ASSR [HHEAREEIC
B 5 [5]. ABRICEHATEM BRI SV, BEIRFF 28122 415 80-Hz ASSR
ERAWTHEA VAT T 2%/ 2 &7 E CHIEOBKZHISE 21T > T\ 5.

80-Hz ASSR Di5&

80-Hz ASSR IZ DWW\ T, WA 7 4 VX T A 2 HWC, BREx £ 5
HiENRH D, EEE, MEIRFFC 80-Hz ASSR ORIEAN L#RH K & 2 & 2K H L T Picton
SN IckvBE SN OMAERE 4/ —4% 71 & MASTER (Multiple Auditory
Stady-State Response LAKE, HiiZ MASTER &\ 9) Tl 80 Hz Z A M A H L T
%. MASTER T® 80-Hz ASSR (%, FFT ZfiH L7c/XU —2 7 FUENTEEIZ XL - T,
EABEZNZN 4 SDOHEEWNE (Carrier frequency: CF) 500, 1000, 2000, 4000 Hz
DI EDOBMEZ FRFICHTIR D, 2D 4 DOWEEEREE (&R oME %22 70
~100 Hz @ %72 5 E R HIC CTIRWZT (J5REZET & A LA SAM & (Sinusoidally
Amplitude-Modulated tone) Z1ERk L, ZEAFRRRIHZAT 5. ZEAHI%x OEEEIZ L > T
IRIGZE T & 23 T2 G pl SAM & & [ 228 C, Wi A SRR b C oSk A IS 3 5
HALORUGE A7 MAVRF L THARD. Thbbo D RISITME -, 257808
(Modulation frequency: MF) (& —£4 2 B 3 O/ U —3 K& <720, JE PO JE L
5y D /3T — & Fotest CTHMG U CRISOAMEE [.5 2 & CHGEEENH Z 2 2008 5 0
ZHET D, ZOXHITLT, —EICHMEOD 4 HEEOBEBEER RO b D,

40-Hz ASSR Di54&

40-Hz ASSR & Ak 80-Hz ASSR & [FIARICHFTER 7 4 V2 T V& W TBE A
WAEETH DA, BEZB O R IIZ ST av, 80-Hz ASSR ASHEAR -FIZHlE TE 5
DIZX LT, 40-Hz ASSR (ZREEFHCHN LRI TH Y, FERERFHIE 135 AR TR A TES
JRINDDIEN, —J5, BIEMWE (spontaneous EEG) D228\ 7= 40-Hz ASSR % H
WTHENRAZAT O 2 LA THZRY. £2T, Hax 2 EICBFE L722EE ([8]) &1

UWARII R DT — LA O T T % BRI AHT L CHRIE B A U, A TERRRRAHE 12 8 2 B B SR IE o0 A%
BRI T AR 2 D AT MR TH D0, T DRI 23+ 5 720128 2 S - AR
WwiEmE T o & B, BEMRRRRE RS L, ERENND LT ORI o 28R A @il & A Rk
TANEOEED ERBRELN, LTOLXS RFf¥EAT5. (1) & hTik 20 5B OHHE 7 ¢ V4 THERL
ENs. Q) ANBOREREESBFILITIN U TNy RIENZEET 5. (3) KW B & & JE % B Cdhn3 2
2% (GEFR). (4) S T, EIRIESILN D, AR R EEE No315 LY

4
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T, 40-Hz ASSR #HIE L7=. Z o3 ElL, MASTER & X 5 ICHEAMREEREIC LD
HIE CTldZe <, H—#EotE W4 CF=1000 Hz (ZxF 3 2 Mk 2 1E 7 5.

FHANE O 7 o TR EX 1024 Hz, Yo7 ) U 7R A > b 512 45 (500 msec,
JEIW Ky fREE - 2 Hz) %, 1epoch & L5 BN X ABR & [EERICIIRALEE S M BT h
2%, SOk [6] R0 [4] 1T S & (Fig. 2 218), epoch 4 1 JA#I 25 I V) (= 722

S0 — 26)
25%512
KA b7 NUTNET 2 HEEZER L GEMX[9]). T72hbb, FHUNMEDOY 7

Vo7 LT —24EE
D={d[t]|t=0,1,2,...},

WZxF LT,
i = (d[26(k — 1)],d[26(k — 1) + 1]...,d[26(k — 1)+ 511]), m>1,k=1,...,m

E LT, M=10epochs D dpy Dk =1,....mIZONTOEHZR ST~ T b %,
40-Hz ASSR OF LA AR HT —2 L35, Thbb,

1 m+2
- _ -
SMk = M Am k-
k=3
Pa
PO Pb
\J\/PO\A\//
Na Nb Pb
P

0 Pa
A ‘J\/\/
PO
i J\l\;
Na
PO+Pa+Ph | PO+PatPb

40Hz ERP =—p /\/

0 25 50 75 160

msec

Fig. 2. Relationship of 40-Hz ERP and MLR [4].
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3. 1REERERV—T Ly MR

AHITIE, ABR X ASSR PIC CCWA 2325, 374bb, Vx—7 Ly ko

(3.1) Yap(t) = %lﬂ(%): a(#0), beR
3.2) Wylx(®)] = C(a,b) = f x(t)l//;b(t)dt
7z, #HFEE/NL L (complex Morlet) 7 =—7 L v b :
1 —i iwot .
(3.3) W(t) = We w2 e Fig.3 2
(3.4) W, [x(5)] = C(a, b) = f ) () —2 e‘(?bz)z e o('F) gy
. v ’ —co V2rola

%Z ABR B X TV ASSR (2 ] L T, MATLAB 2016a %> T, #%245. o= g,wo =
2n(cmorwavf(Lb, Ub, N, fb=1.5, fc=1)) & L 7-.

= Real
04 —Imaginary|
- = Envelope

Fig.3. Complex Morlet wavelet.

3.1 ABR DA

2000 — average ABR 72> H ABR O > 7Y v 75 —H % x(t) £ LT, CCWA %
F L7412 Fig. 4 12" 7. Fig. 4 #%:5 &, ABR [ZBEKO RS- HH B MR S h

6
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TWLZENDND. IRMEDORKE WEITEAST D ILER 72 K-8 Sk 2 5 2 &
ITARETH 5.

Analyzed ABR Signal N=2000 (length=512)

1 1

5 100 150 200 250 300 350 400 450 500
Modulus of Ca,b Coefficients

1

™ .
8L ..

Fig.4. Complex Morlet wavelet analysis for ABR.

3.2 ASSR DiH&

80-Hz ASSR M5 &

MASTER (Z LV Rl S v —fitE (B F) EEG o7 —2 O E 7Y 7L
T CCWA 7% 32 L 7255 % Fig. 5 123, BWEAIEF OLAIXAELAEHbE T 8 DOJEHK
BIRMEDNBIEZIND A, ZOEGITITER, G004 SOREBOHDRIETH -T2, %
DFER%EZ Fig. 5 B HFET 2 OITEE L.

40-Hz ASSR Di54&

MR, B Sy (o LT CCWA 2 £ L7z, = DOfER% Fig. 6 (2R
¥, Fig. 6 O EOEBITE—EE CHERIMEZ 52 TICMEDO A ZFHI LT b D TH L.
RO G 2, 3, 4FEBOWEBITENZNATEE 70dB, 50dB, 30dB nHL D0
B Sux ThD. HNE dux T7205, 5 epoch WL TH 5. ik BT ERITL 220
A, Exn 2, 3, 4% HI3MEE 70dB, 50dB, 30dB nHL @ epoch i CTH 5. =
DENBIFRO Z ENFHNT

FHEEEH 0 IE I Syx T, 40-Hz ASSR OFEE R Ry 5 i,
HFHRIMEED 0 INEREO KL, TEOMREICREINT, —EThoT.
FHREE L UNRERE T, 40 Hz (HEDOMKIGE S0 8lg x5 (T~ .
T HI4EE 2 L epoch JJE TlE, 40 Hz IO SITBIZ TE 720,

BRI EEH D epoch W OIRIEIX, EEOREDFEL HE D ZITTWeL.

A
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Analyzed 80-Hz ASSR (length=1024)

100 7
0
~100
~200
~300

200 400 600 800 1000
Modulus of Ca, oefflcients

Fig.5. Complex Morlet wavelet analysis for 80-Hz ASSR (MASTER data).

4. 1 RuBERE 7T —T Ly MEM
SWT D7 L= Y ZAERO EBY Ths -

. RENDOEZT s ™52, SWT O%F 1 A7 v 7%, IT4%% (approximation
coeflicients) cA;, FEfIE%%L (detail coefficients) cD; @ 2 DOARFEL N HIZ L F 5.

2. 2B 7 Fvid, approximation (Zxtd % m—/32 7 4L %7 LoD, detail (Zx}
FTHNANRAT 4 Z HIDIZOWT s DALy R—y g i THLILD.

3. 2721, cAy, ¢cD DEIFELLL N THS.

4. WD AT v 71X, TR cA 25, BIOART v 7 THW- s & cAp ITEEHZ T2
TANBZERNCT v 7TV 7 LT, Fic/ir7 4 Vv E %855 2 & T Rtk
22 DD — N EERT 5.

5. SWT 2L 5T, cAy, cDy BMERLENS.

6. ZONPA Y kT (Fig. 7 ).

SWT IE, $pRER Y= —7 by FHDLWIIFFRRER Y =—T7 Ly N7 4 V¥
EMNTYAF LNV I RGEER Y = —7 Ly MMz 2709 . BIGFMRIZIZ ISWT
(Inverse discrete stationary wavelet transform) % i\ %. ISWT (X, FEERERY = —7
Ly D WIHRERRERL Y = —7 Ly MR T 4 /L% (LoR and HiR) # T~ /L
FLNVIREEH Y =—7 Ly MR EB IR 5. v=—7 L1 v FEEIIHEMERTRE
RRERY = —7 L v kT % Bi-orthogonal 7 =—>7 L~ k (Bior. 5.5) % i\ 7= ( Fig.
3).
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Averaged waveform of brain waves which is not evoked One m wavefor- of brail e wlici S rar evoked

Averaged waveform of stimulus iltensity 70 dB nHL One epocl waveform of of 70 dB nHL ™S
zﬁwwmmwmf WMWW MWWMMMJW

. - - ms
Averaged waveform of stimmlus imfemity O dB2HI. | RO e A TGO

; w“w,\\\ W\M N
-l L X X , X ) X X , , ]
300 350 400 450 500

50 100 150 200 250 300 @50 400 450 600 T TR )

Averaged waveform of stimulus intensity 30 dB nHL N One epoch waveform of stimulus utelsuy of 30 dB -m. ms

EW%%WMMMﬁWWWmf 1

o

100 250 450 500

Hz GCab

Fig. 6. CCWA to brain waveforms.
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low-pass approximation coefs One-Dimensional SWT
Decomposition step

cA
Lo D !
P
Hi_D L .eD, g
- | S . cD; 1
hjg'h.Pass detail coefs level j =
evetJ level j+1

where Convolve with filter X where Convolve with filter X

Initialization cAg=s

F | 1'2 Fiy1
Initialization Fy = Lo_D whare Upsample

L | 2 } Gjas

Initialization Gy = Hi_D

Fig.7. SWT procedures.

Dec. low-pass filter bior5.5 1Dec. high-pass filter bior5.5
)

0.6
0.4

0.2 T T o-ee?,, o?°°°
-0.2 -0.5
0 5 10 15 0 5 10 15

1Rec. low-pass filter bior5.5 0 I83ec. high-pass filter bior5.5

0.6
0.4
0.5 0.2

0 Fooley zole
0 -0.2 l l

-0.4
0 5 10 15 0 5 10 15

0.5

Fig. 8. Bior 5.5 filters.

41 ABR DiZ&

40-Hz ASSR (2 DWW THII 2 1X3CHk [10] B LV [11] THRRTW5. KfE Tl ABR (IZ
SWT %3 L7552 20 THEDY BT 5 ([12]-[16]). Fx OFERIZ X 2 EHUBEE O Y
VY T REED AR D LB SR L~ L ORE R E B A Table 1 1259,

E & 4.1 KJE R (A8+D8 DRERL A EL) & iR 5y (slow ABR), &8 i i ak

10
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Table 1.

Decomposition levels of SWT and each frequency band.

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- 97 Hz

—0000

— 1500w D7

— 2000
— 15008
2000
e 3000
e 2000w
e 3000}
—— o
— 30

Result 1: Decomposition levels of Overlapped averagihg waveforms

— 10w

D3

D2

noise

depend on
averaging

Fig.9. SWT for ABR.

11

peak latency detected ~ W -
not nd on avera b i

obtained few averaging
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(D1+D2+D3+D4 ORERKE W) % 7 A Zpksy, W3 LI O [ E I (DS+D6+D7 O
%) Zdi sy (fast ABR) & L 5.

Fig. 9 I, ABRy,N = 10, 20, 30, 40, 100, 200, 300, 1000, 1500, 2000 @ Diy,i =
L1107 & Aiy,i =8 WHEOMA Z L oEREE 277, MMEIZ X > TRIEDZ D O 7
B»H5HM, —J5, Diy,i=5t07 %\(ﬁ@t — 7 BRI E DD TR WINE RS S B S
5. B2 D5y NEAZE TN = 10 LIKE, IBEF (NZAR) NZEAEED L. JIAHBER
% 09 THo7-. Zi% locked phase &5 = L1279 %.

—7J7, slow ABR 9725, A8y,D8y TiE, MEIZ KL > Tii/Z D synchronized phase
@5 L7-. Sine Wave Fit 7))L 3 X L% AW CTHEEZTET 5 Z L0, HWATT L (H]
ZAXSCHK [17] Z8) OIS EZRAB TV 5.

5. FLHEBE

ABR @ t'— 7 B O B UL LR o D> TWD Z E MBS, —77, HERUE R B>
WL, BB RS TR SN T RN ERbho Tnsd. ABR ORIGD A
DY E TIEE — 27 e & JEIR G MO G 2 FRICKNEE T 5. > T, ABREED
Fhithds K OREICB VT, SWT IZ K 2 e8I ERAT I ZER IR TH L Z &b
Mnoi-.

Bz, INEBR O ABRy (& SWT (2 X 2 B8 3 BT 23 45 & E o R
2= “CEJ“#?% 55 fast ABR ENHREIIZN I & 72 5 slow ABR OIEA#E3E L <
F, BEPHESRHENIC L 25T UIZ L > TEOBEENHIIZ Y 5o H D, ZOFET
JALDAEBY: - TR E OMAGLEETH LD, ERIELD b Es DR 7T
I AT N FIRE & 7o 72, — 77, slow ABR, A8 1%, RIFEICEBWTREREEND D
LAULTERS, N 300 BIFEEE S 7o h, 3 RIS AR CTH L. RIZED bET L
Bl aZT 58T, RSP HLARWEEICHEU EITME LR T, KRR LD
HIEDOREEN T L ERD.

Zin SWT IZ L% ABR OFEMIHT 2517 T, ASSRIZOWTELET 5L, ASSR I
ABR D53~V A8 D Z B Z T DS THHDT, —EOMEFRMNLETH
HTE, Fe, WERREBIINEIZCE > THEZEN TR EXHB L. H—xE
WO A2 V53581, CCWA 12 & - THRERI—E B0 B 2 B8 A B oS & -,

U —7 Ly MENTIZOWT, Y72 0iEEHWT, ZEROBEIELND SO EIGH
L7ey, BRRRI 72 2 4 PRI DWW T, KW BRI NGREIZ DWW Tk T A 2 &b H
XLV BWHIEOREEZ L T2 222, TO/RE, v=—7 1 v MEFTOREM
ML A~DICHOREER E2 D S L.

SR EBR O, THEKRY CEME OXEAZ 7. £7-, FHFE (C)26400199 0%
T T L ICEGE A.
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Multi-Dimensional Discrete Wavelet Transformation and Its Application to
Polarimetric SAR Classification
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Abstract. Discrete Wavelet Transformation: DWT is explained in a comprehensive manner starting from
one dimensional to multi-dimensional DWT. One of the applications of the multi-dimensional DWT is
introduced for polarimetric Synthetic Aperture Radar: SAR classification of sea ice type discriminations.
Polarimetric SAR onboard remote sensing satellite allows sea ice monitoring as well as land use
classifications. One of the specific features of polarimetric SAR is to clarify scattering properties of the
ground cover targets. By using the differences of the scattering properties, land use classifications as
well as sea ice discriminations can be done. In order to extract scattering properties, scattering matrix
is derived from the polarimetric SAR data. From the scattering matrix, trajectory in a phase space is
calculated. On the other hand, time and frequency analysis is available by the multi-dimensional DWT.
In order to use the specific feature of the trajectory in the phase space, behavior of the scattering
properties, multi-dimensional DWT is applied to the trajectory. Thus the specific polarimetric features
of the designated ground cover targets are extracted and classified using supervised classifications.

Keywords: Wavelet, Multi-Resolution Analysis, Polarimetric SAR, Classification

1 Introduction

Radar polarimetry allows measurement the physical characteristics such as di-electric constant, slope of the
ground cover targets as well as directionality of artificial objects by using scattering mechanism between
electromagnetic (EM) wave and the targets [1],[2]. Polarimetric SAR image classification with the following
three components of the polrimetric SAR data, (1) transmit Electro-magnetic wave with Horizontal
Polarization(H-Pol) and receive the echo from the ground with H-Pol(HH), (2) transmit Electro-magnetic
wave with H-Pol and receive the echo with Vertical Polarization(V-Pol)(HV) and (3) transmit Electro-
magnetic wave with V-Pol and receive the echo with V-pol(VV) is widely available [3],[4]. On the other
hand, the extraction of the scattering characteristics of the targets of interest by applying eigen value
decomposition to the covariance matrix derived from the scattering matrix which is calculated from the three

components are proposed [5]. Furthermore, the classification methods with the single / double /multiple, odd
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/ even / diffuse, and odd / even / Bragg / multiple scattering components derived from the eigen value
decomposition were proposed [6] while the classification methods with the sphere / deplane / helix, and
sphere / Bragg / double of scattering components which are based on the spherical polarization which are
derived from the scattering matrix were also proposed [7],[8]. Aforementioned proposed methods were
reviewed [9]. Moreover, the classification method with the entropy (H) which is defined with the sum of the
first to third eigen values and the ratio of each eigen values, the anisotropy (A) which is defined as the ratio
of sum and subtraction of the second and the third eigen values and cosine a (cos(a)) which is defined with
the elements of the eigen vector corresponding to the first eigen value which is called coherency matrix (3
by 3) was proposed by E.Pottier [10]. The application of these methods to sea ice discrimination (such as
thin ice (TT), smooth first year ice (SF), rough first year ice (RF) and open water (OW)) with the polarimetric
SAR were attempted by using H, A, and cos(a) [11]. Classification performance, however, were not
satisfactory (20-40% of classification errors were occurred for the classification of sea ice into four classes,
ridged, compressed, new forming and smooth surface due to the fact that scattering mechanism based
features were not used effectively. Meanwhile polarimentirc SAR image classification with polarization
signature which are derived from Stokes or Muller or scattering matrix is widely available [12]. Polarization
signature represents the scattering mechanism, in particular, surface roughness of the targets in concern.
One of the problems on the classification with polarization signature is classification performance. The
method for effective utilization of polarization signature is still unclear to improve classification performance.
The method proposed here is for extraction of effective information from the polarization signature by
transforming the polarization signature onto an eigen space (eigen value decomposition). As the results from
the eigen value decomposition which corresponds to the largest eigen value, a trajectory can be drawn. The
trajectory represents the scattering mechanism in concern so that the largest curvature of the trajectory
represents the most effective representatives of the scattering mechanism of the target of interest [13]. This
is the theoretical background to propose the utilization of maximum curvature of the trajectory in an eigen

space which is derived from the polarization signature to the sea ice classification [14], [15].

Polarization signature is the back scattering cross section in the space of the ellipticity angle and the
orientation of the electric field vector. It represents the scattering mechanism, in particular, surface roughness
of the targets. Polarization signature is useful for visual perception of the scattering characteristics of the
targets. It, however, is not easy to utilize for classifications. One of the problems of the classification with
polarization signature is poor classification performance. A method for utilization of the polarization
signature is proposed here. Also, wavelet MRA: Maulti Resolution Analysis [16] — [18] is applied to the
polarimetric SAR imagery data for enhancing high frequency components of the data for improving

classification performance.

Firstly, the proposed method is introduced with a theoretical background followed by experimental data and

the results from the experimental are described together with the results from a comparative study between
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the proposed method and the existing conventional methods. Finally, concluding and remakes are described

with some discussions.
2 Proposed Method

2.1 Full Polarimetric SAR

Received echo signal (Ey, Ey) e is expressed as follows,

E, e (S, S, E,

Ev rec_ kR Svh va Ev il (1)

where S is a scattering matrix composed with HH, HV, VH and VV components of Sy, S, Sw, and S,., (Ep,
E,)Ti denotes incident Electric Magnetic: EM wave, k is wave number of the incident EM wave, R denotes
range, respectively. From these elements of S, Muller matrix is calculated while Stokes vector at the receiver
J, is calculated with (Ej, E,)"wc and also Stokes vector at the transmitter J; is calculated with (Ej, E,)Ty thus

the polarization signature ¢” is represented by the following equation,

GO=CJrT<MS>J,=O'0(}(r: b s ¢t)
C :const. 2)

where the y and ¢ denote the ellipticity angle and the orientation angle of the orientation of the electric field
vector, respectively of which the polarization is described with the two parameters. The polarization
signature describes the scattering coefficient as a function of any assumed transmit and receive antenna
polarization and allows measure the variation of the scattering coefficient with polarization so that the
different targets show the different polarization signature. The method for effective utilization of polarization

signature is still unclear to improve classification performance.

Let X be matrix with three scattering components as follows,

X=[5,S,8.1,C=<X,XT > 3)
C= /11K1(K1*)T +/12K2(K;)T +/13K3(K;)T

where C denotes covariance matrix of X and 4;,4,4; are eigen values of C. These are corresponding to odd
times scattering, even times scattering and diffuse scattering, respectively. Also * and T denotes complex
conjugate and transpose, respectively. Thus,

A
_— ) (l = 13293 )
A +A,+ 4,
is called contribution factor. If the equation (4) is formulated,
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1 .
SRR = E(Shh - va + .12Shv)
1 .
SLL = E(Shh _va _]ZShv)
1 “4)
Sip=7(Sy+5S,)
then Spﬁerical, di-plane and helix components are defined as follows,
K = Sx LKy =[S, LK, =l Sge [ =[S |, for [ Sge 1S, | (%)
Thus contribution factor for each is defined as follows,
K.
—— (i=s,d,h
K., +K,+K, ( ) (6)

Polarization signature represents the polarization feature of the ground cover target, obviously.

The polarization signature describes the scattering coefficient as a function of any assumed transmit and
receive antenna polarization and allows measure the variation of the scattering coefficient with polarization

so that the different targets show the different polarization signature as shown in Figure.1.

Figure 1. Definition of polarization signature

The method for effective utilization of polarization signature is still unclear to improve classification
performance. Once the scattering matrix which is composed with HH, HV, VH and VV components of S,
Sim, Svy and 8., are calculated from fully polarimetric SAR data, then the back scattering cross section ¢’ at
the arbitrary polarization angle which ranges from HH (zero polarization angle) to VV (90 degrees of
polarization angle) for cross polarized data as well as co-polarized data is calculated (the distance among the
classes for cross polarization is greater than that of co-polarization, in general). It is called polarization
signature. If some quantization steps, ¢ (¢=5 degree in this case) is set to the polarization angle, then 90/g
dimensional data is reduced. After that such a multi-dimensional data is projected in eigen space through
principal component analysis. Thus the polarization signature becomes a trajectory in the eigen space. The
trajectory represents scattering mechanism of the target. One of the features of the trajectory is maximum
curvature. An osculating circle is defined at each data point (every 5 degree of the polarization angle, in this
case) of the trajectory. Then the curvature K at the data point is calculated in accordance with the following

definition.
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K=1/r )

where r is radius of the osculating circle. The maximum curvature is defined as the maximum K. The
proposed classification method is based on the maximum likelihood classification with the received signals
of three different polarizations, (HH and VV of co-polarization) and HV of cross-polarization together with

the maximum curvature.

2.2 Classification Method

Classification method proposed here is based on Maximum Likelihood Classification using not only
polarimetric SAR radar echo signals, but also wavelet frequency components as features for classification.
In particular, high frequency components derived from wavelet Multi Resolution Analysis: MRA is used as

spatial features of the target class in concern.

2.3 Wavelet Multi-Resolution Analysis

One dimensional wavelet transformation is expressed with the following equation.
F=C,f ®)

where F, f denotes wavelet frequency component and radar echo signal as a function of time. C, denotes
wavelet transformation matrix which is expressed as a bi-orthogonal function based on base functions. C,

can be determined with a reference to the appendix. Therefore,

G G =l ©
Then, fis converted to

Fi=(L1,H)), Fo=C,L=(Ls,H3), F5=CuL=(L3,H3), F=CpLy ' =(Ln, ) (10)
Also fis reconstructed as

Co'Fy=C (Lo H)=Ln ..., Ci ' F=Ly, COVF =S (11)

The suffix of 1 to m is called “level”. Level m implies that wavelet transformation is applied m times. MRA
ensure that the original signal can be reconstructed with the wavelet coefficients or frequency components
of the level m. The frequency components derived from MRA are corresponding to the level m. Therefore,

MRA does work as a filter bank.
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There are some base functions such as Haar, Daubechies!, etc. Through the experiment with preliminary
simulation of radar echo data, Daubechies base function is selected. Daubechies base function is one of bi-
orthogonal functions. MRA is applied to the polarization signature then the extracted high frequency
component is added to the typical features of received polarization power signals, HH, HV, and VV
components where HH denotes the horizontal polarization of electro-magnetic wave is transmitted then the
returned echo signal is received in horizontal polarization. Thus, spatial feature of the polarization of feature
of the ground cover target is taken into account in the classifications. Typically, three polarization power

signals are acquired with polarimetric SAR system.

2.4 Methods for Comparison

The classification performance of the proposed method is compared to the Maximum Likelihood
classification with only three components of the polarimetric SAR data of HH, HV, VV, with the three
components + H + A + cos(a), with the three components + Cl, and with the three components + Odd + Even
+ Diffuse for discrimination among the following three classes, Urban, Vegetation, and Paddy field. Also,
classification performance is compared with the previously proposed classification method with information
from the polarization signature by using eigen value decomposition of the polarization signature. As the
results from the eigen value decomposition which corresponds to the largest eigen value, a trajectory can be
drawn. The trajectory represents the scattering mechanism in concern so that the largest curvature (C/) of the
trajectory represents the most effective representatives of the scattering mechanism of the target of interest.
If the largest curvature is large, then the polarization signature is steeply while the largest curvature is small,
then the polarization signature is calm. The proposed classification method is based on the well known
maximum likelihood classification with the received signal of the three different polarizations, co-
polarization (HH and VV) and cross-polarization (HV) as well as the maximum curvature of the trajectory

in the eigen space through the eigen value decomposition from the polarization signature.
3 Experiments

3.1 Data Used

The PI-SAR (Polarimetric and Interferometric SAR) data of Tsukuba in Japan which was acquired by CRL
(Communication Research Laboratory, current NICT: National Institute of Communication Technology)

and NASDA (National Space Development Agency of Japan, current JAXA: Japan Aeronautics Exploration

#(x) = D 2920~ k)
k
! Daubechies base function is defined as {a} satisfying the following conditions, ﬂ = (— l)k o,

P(x)=> BN20(2x~k)
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Agency) was used. Tsukuba, Ibaraki prefecture in Japan which consists of urban, forest and paddy fields of
September 30 1997 were used. The major characteristic of the PI-SAR is shown in Table 1.

TABLE 1. MAJOR CHARACTERISTICS OF PI-SAR

Instrument NASDA/L-band SAR

Center Frequency 1.27GHz

Peak power 3.5KW

Bandwidth S0MHz

Antenna size 1.6mx0.7m

Polarization HH/HV/VH/VV (Full polarization)
Incidence angle 20-60 degrees(Fixed)

Swath width 42.5km

Spatial resolution 3m

Quantization bit 8bits(I and Q signals)

3.2 Polarization Signature

From the data of the SSC: Single-look Slant-range Complex, Skm by Skm of the area was extracted as is
shown in Figure.2. The image is 8 look processed HH, HV and V'V polarization of data which consists of
1000 by 987 pixels. One pixel is corresponding to 3 by 3 meters. Square boxes of blue, yellow, and green

show the training area of Paddy fields (After harvest), Urban areas, and Vegetated areas, respectively.

Figure 2 Polarimetric SAR image (SSC) of Tsukuba Acquired on September 30 1997
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Using equation (1), polarization signature can be calculated by pixel by pixel because the parallel polarization,
Co-pol. (HH, VV) and cross polarization, Cross-pol. (HV, VH) are acquired by pixel by pixel. Figure.3
shows the calculated polarization signature for each class. The calculated polarization signatures are different
each other. Therefore, it can be classified. The problem of the conventional classification method which uses
the polarization signature and the returned echo signal powers, HH, HV, and VV is poor classification
performance. The proposed method utilizes high wavelet frequency components other than these polarization

signature and returned echo signal powers.
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Figure 3. Examples of the calculated polarization signatures of the classes, Urban, Vegetation, and Paddy extracted from the 16 by 16

pixels of square areas which are corresponding to the designated classes in concern

Figure.4 (a) and (b) shows examples of the high frequency component (HH4: Level 4 of DWT with

Daubechies base function) of the polarization signature of image which is shown in Figure.3, and the

8
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maximum curvature of the trajectory in eigen vector space which is converted from the polarization signature

image, respectively.

(a) Example of the high frequency component of HHy of the polarization signature of image which is shown in Figure.3

(b) Maximum curvature image of the trajectory in eigen vector space which is converted from the polarization signature image

Figure.4. Images of the features of the previously proposed maximum curvature of the trajectory in eigen space which is converted

from the polarization signature and the high wavelet frequency component image of the polarization signature.
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3.3 Class Features

Because the PI-SAR frequency is 1.27 GHz, the contribution of leaves of vegetation is very week
(penetrated) while the contribution from the ground surface and the relatively large trees is major. Therefore,
polarization signature of vegetated areas is similar to the paddy fields after harvest except surface flatness.
On the other hand, HH return echo signal power and polarization signature for both urban areas and vegetated
areas are similar. As the results from the aforementioned reasons, all these three classes are difficult to
classify. It is confirmed that three components of return echo signal power, HH, HV, and VV utilized
classification makes about 80 % of classification performance. In order to improve classification
performance, the following feature is proposed by the author. That is maximum curvature of the trajectory
in the eigen vector space which is converted from the polarization signature with arbitrary polarization angle
response with 5 degree intervals. The proposed feature does work for classification for the classes with
different surface roughness, in particular. Although it is effective to improve classification performance, it
is complicated and requires computation resources. The proposed classification method is based on wavelet
frequency components of the calculated polarization signature. Therefore not significant computation

resources are not required and it is quite simple.

It is difficult to discriminate between urban and vegetation classes because the previously proposed
maximum curvature of urban and vegetation is similar as shown in Figure.4 (b). On the other hand, the
proposed feature of high frequency component HH, of image shows clear difference between urban and
vegetation classes. Therefore, HH4 frequency component which is derived from the level 4 of MRA output,
HHy4, HL4, LH4, and LL4 of the image which consists of 32 by 32 pixels with 5.6 degree step of the

polarization angle of the each dimension of polarization signature is used for classification.

3.4 Classification Performance

Using training samples extracted from the training areas which are indicated in Figure.2, training
performance is evaluated. A comparison is made for the following three Maximum Likelihood based
classification method with (1) received three echo signal power, HH, HV, VV, with (2) three power and the
previously proposed maximum curvature, and with (3) three power and the HH, of each dimension of
polarization signature. Classification performance is evaluated with confusion matrix and the & statistics
which is shown in the following equation (12),

= DA - P(E) (12)
1- P(E)

where P(4), P(E) denotes correct classification probability and classification error probability. Table 2, 3, 4

shows the results of classification performance.

10
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TABLE 2. THREE RECEIVED ECHO SIGNAL POWER ONLY (K=89.05)

Urban Vegetation Paddy
Urban 75.2 24.8 0.0
Vegetation 24 97.6 0.0
Paddy 0.8 1.6 97.6

TABLE 3. THREE POWER AND THE MAXIMUM CURVATURE (K=95.62)

Urban Vegetation Paddy
Urban 89.8 10.2 0.0
Vegetation 1.2 98.8 0.0
Paddy 0.4 0.8 98.8

TABLE 4. THREE POWER AND HH, (K=98.0)

Urban Vegetation Paddy
Urban 94.9 5.1 0.0
Vegetation 0.0 100.0 0.0
Paddy 0.0 0.8 99.2

As is shown in the previous section, it is difficult to discriminate between urban and vegetation classes if
only three power of features are used. It is improved by adding the features of maximum curvature and HHa,
remarkably. On the other hand, k-statistics shows that 7.38% of improvement is achieved by adding the

maximum curvature and 10.05% improvement is achieved by adding HH..

Conclusion

It is found that the proposed features of three received echo signal power, HH, HV, and VV as well as HH,4
of high frequency component derived from MRA analysis with polarization signature are effective to
improve classification performance for PI-SAR types of polarimetric SAR images. More than 10% of
improvement of the classification performance is confirmed by adding HHs. The improvement depends on
the level of MRA, because there is the most appropriate level depending on the frequency component of the
polarization signature of the ground cover target. The computational resource requirement for the
previously proposed maximum curvature of the trajectory in eigen vector space which is converted from the
polarization signature is twice much larger than that of the proposed MRA based feature utilized
classification. Thus it may said that the proposed high frequency component of polarization signature based
classification method is superior to the conventional classification method with three echo signal powers,
and to the previously proposed maximum curvature based classification method in terms of classification

performance and the required computation resources.

11
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Appendix

(1) Another polarization signatures of asphalt and water body

Other than vegetation, urban, and rice paddy field, other polarization signatures are shown in Figure Al.

Sigma note, ° of asphalt is relatively high while that of water body is quite low.
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Figure A1 Polarization signatures of asphalt and water body

(2) Another example of classification performance for sea ice classification

The PI-SAR (Polarimetric and Interferometric SAR) data of the offshore of the lake Saroma in Hokkaido,
Japan which was acquired by CRL (Communication Research Laboratory) and NASDA (National Space
Development Agency of Japan) on 23 Feb. 1999. From the data of the SSC which consists of Skm x Skm of
the area was extracted as is shown in Figure.A2(a): HH, (b): HV, (c): VV. Meanwhile, Figure.A2 (d) shows
the maximum curvature of the trajectory of the cross polarized polarization signature projected in eigen space.
The images are 8 look processed HH, HV and VV polarization of data which consists of 1000 x 987 pixels.
In the figure, blue, white, black and green boxes show the training areas for the designated classes of TI
(Nilas type of sea ice), SF, RF, and OW. Ice thickness of the TI is below 10 cm, and is covered with no snow
on the surface while the SF ice thickness ranges from 10 to 70 cm and is covered with below 15 cm of snow.
On the other hand, the RF ice thickness and snow cover situations are the same as SF while surface roughness
is greater than SF due to the fact that the RF is formed surface roughness during the drift. The definitions of
the classes are totally identical to the previous research work [19]. The definition is confirmed with Landsat-
5 TM image which was acquired on 24 Feb. 1999 and is confirmed with visual perception from the shipment

observation by one of the authors at that time.

12
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The typical examples of the polarization signature and the trajectory for just four training samples for four
classes are shown in Figure.A3. In the figure, (a) is the cross polarized data while (b) is the co-polarized
data. The difference of the trajectory among the classes for the cross polarized data is greater than that for
co-polarized data. The variance of the characteristics for both polarization signature and the trajectory for
RF is the highest followed by TI, SF and OW. Also the maximum curvature of the trajectory of OW is the
greatest followed by TI, SF and RF.

(a) HH polarization (b)VV polarization

(c)HV polarization (d)maximum curvature
Figure.A2 Extracted PI-SAR imagery data of intensive study area of offshore of the lake Saroma in the sea of Okhotsk in Hokkaido

vicinity in Japan acquired on 23 Feb. 1999.
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(c) Polarization signature of RF (d) Trajectory in eigen space for RF
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Figure.A3(a) The typical cross polarization signature and the trajectory in eigen space converted from the 45 dimensional data with
the quantization step of 5 degrees of 60 for polarization angle from HH to VV through HV for four classes, open water (OW), rough

first year ice (RF), smooth first year ice (SF) and thin ice (TT) where PC1,2,3 denote the first to third principal components.

The confusion matrices of the proposed and the existing methods are shown in Table Al. The classes
between SF and OW are most difficult to discriminate. It is followed by the classes between SF and RF and
the classes between OW and SF.
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(g) Polarization signature of TI (h) Trajectory in eigen space for TI

Figure.A3(b) The typical co-polarization signature and the trajectory in eigen space converted from the 45 dimensional data with the
quantization step of 5 degree of 60 for polarization angle from HH to VV through HV for four classes, open water (OW), rough first

year ice (RF), smooth first year ice (SF) and thin ice (TI).

As shown in Figure.A2, RF is easy to discriminate with the other classes even if only HH component used
for the classification. Also, OW is easy to discriminate with the other classes. The correlation matrix among
the classes shows that the difficult minimal pairs in the classification. In terms of scattering characteristics
for OW, TI and SF are resembled so that it is not so easy to discriminate each other. It is clear that TI can
be discriminated by using the maximum curvature as is indicated in Figure.A2 (d). This implies that the
third principal component of TI differs from the other. As is shown in Figure.A3, the trajectory of OW is
totally different from the other classes. Also the trajectory of RF shows the smallest maximum curvature
and differs from the others classes so that the confusion probability between RF and the others is not so
good. Consequently, it is found that Percent Correct Classification: PCC of the proposed method is superior
to the maximum likelihood classification without the maximum curvature, the existing methods. Table A1l

shows the confidence intervals: CI at the 95% confidence level for the correct classification probability.

2
CI = PCC £1.96, 2~ (A1)
n

where ¢ denotes standard deviation of PCC and » denotes the number of training samples (approximately

1000 samples). Also the kappa coefficient k£ (a measure of pair-wise agreement) is evaluated.
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TABLE A1 THE CONFUSION MATRICES OF (1) THE PROPOSED METHOD BASED ON MAXIMUM LIKELIHOOD CLASSIFICATION (MLH)
USING THREE RECEIVED POWER, HH, HV AND VV AS WELL AS THE MAXIMUM CURVATURE OF THE TRAJECTORY OFx’ IN THE SPACE OF
ELLIPTICITY AND ORIENTATION ANGLES, (2) USING JUST THREE RECEIVED POWER, (3) USING THREE RECEIVED POWER + H+ A + A
COMPONENTS AND (4) USING THREE RECEIVED POWER + ODD + EVEN + DIFFUSE COMPONENTS (C.I. DENOTES CONFIDENCE INTERVAL
AT THE 95% OF CONFIDENCE LEVEL AND K DENOTES KAPPA COEFFICIENT).

(1) PROPOSED METHOD (PCC=95.7), k=0.899 (2)USING HH + HV + VV (PCC=93.63), k=0.886

ow RF SF TI C.L ow RF SF TI C.L
ow 96.4 1.2 2.4 0.0 0.32 ow 91.2 1.3 7.5 0.0 0.28
RF 2.3 922 5.5 0.0 0.41 RF 2.5 91.2 6.3 0.0 0.39
SF 2.3 0.8 96.5 0.4 0.55 SF 3.4 0.7 94.3 1.6 0.51
TI 0.0 0.0 2.3 91.7 1.02 TI 0.0 0.0 22 97.8 1.01

3) USING HH+HV+VV+H+A+A(PCC=69.95),£k=0.591 (4)USING HH+HV+V V+0ODD+EVEN+DIFFUSE (PCC=93.38), k=0.885

ow RF SF TI C.L ow RF SF TI C.L

OW | 88.7 3.9 7.4 0.0 025 | OW | 934 | 038 5.8 0.0 0.30

RF 3.5 91.8 | 4.7 0.0 0.40 | RF 3.1 922 | 4.7 0.0 0.41

SF 21.1 2.3 76.6 0.4 0.45 SF 6.6 0.8 922 0.4 0.49

TI 293 04 | 47.7 | 22.7 | 2.06 TI 0.8 0.0 3.5 95.7 | 0.99

Although H, A and o, in general, does work for classification, the distribution of the data of TI and SF are
overlapped in the H, A and a in the feature space. Therefore, the confusion probability between smooth first
year ice and thin ice is relatively large followed by the classes between open water. Meanwhile, odd, even
and diffuse scattering components work for classification, in particular, the discrimination of RF with the
other classes due to the fact that the scattering mechanism of RF is different from the other classes. However,

its effectiveness is weak so that the classification performance is not so good accordingly.

It is found that the proposed method shows around 2.2-4.0% of improvement of classification performance
for the sea ice (Okhotsk) classifications in comparison to the classification with just three received power
of HH, HV, VV polarization signals. Furthermore, it is also found that the classification performance for
the Tsukuba data is improved by 14.3% for the proposed method Thus, it is concluded that the newly
proposed feature of the maximum curvature of the trajectory of polarization signature projected in eigen
space through principal component analysis is effective for classifications.
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7)) — MBI T e CT X s
REEE DI

{ﬁD /l_.\
* P KRR HE =

BE. av2)— FEEYIZYT % tomographic 72 IEMIERERAMII R TH S &
WO DARBRTH B0, e, ZHET (BERIBERRARFR) LS Oz &
b, av27 ) — MEEWIZNT S acoustic CT BHFED T 1 T 7 HRREINT WS, Kl
T, a>27 ) — MEEYNIZHT B acoustic CT BIFD 71 F7 2 /AL, ZOME
12X 9 54 Radon 2 G HIZEA L Tikawd %,

Development of ultrasonic CT for concrete structures
and application of window functions

Takashi Takiguchi®
*National Defense Academy of Japan

Abstract. There having been developed no tomographic non-destructive testing tech-
nique for concrete structures for the time being, N. Mita and the speaker proposed an idea
to develop an acoustic CT for concrete structures. In this talk, we introduce their idea
and discuss application of the windowed Radon transform for development of an acoustic
CT for concrete structures.

1. ELC®IC

av ) — MEEYNZHT S tomographic AR IERIEMRERMIIRKHEFETHSE LV D DN
BURTH 203, ELE, B4 RFEPREINGBDO TWS, ZHLT BRERAFERRE
R LIS, 2,31 ICBWTa Y Y — MEEYISHT 5 EE K CT W07 1 77
ERELTVWS, AHEEHTIE, 32V — a2 85K CTHEOT AT T %
AL, ZoRMEIZT %A Radon 2O IGIZBE L Tikdwd 5.

2. A7) — b OEENF
AHITI, AMBCHEL 2522 ) — b OERAIRIC OV THEIC T 5,

£21(3a>7YV—b) a2 =Mk AV b (cement: C). 7K (W) 1 (fine aggregate
or sand: S), WWF| (coarse aggregate or gravel: G) DIEEWITH 5,
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FE21 0 (1) EAY DN +K - AV FR—=Z b (cement paste)
() EAY N + K+ B (XY NR=Z} + ) = EJLZIL (mortar)
(ili) 2> 27 Y — b (concrete) I& “EIL X + fibF]”
CHfRETE B,

AEITIE, UTOERICEDE, av 2V — b3l ziitifld 5,

F5k 2.1 The concrete materials are artificial megaliths.

FIR 2.1 1F [2,3] WRWTEESINEZDLDTH B, U ROFERIIEITHNTWS, i
Z 1%, Valley Temple (BC2500?) % Parthenon #i#k (BC447-432) I3 & cdh v, &E
£ 2000 LA LR S 72BIETH, TOMEZR> TV, & IZ A%, 1 —<D Colosseum
(AD70-80) DAEEIZFETH B8, NEEL, MELOMR - 4 - - IKETHD 5N TWD,
X, B—=TEHTORBREAVPAFTERDR 272720 TH 5H, Colosseum D HNEE|Z F
W 572 M (Roman or promitive concrete) 1 2000 438 < BEADREY & U TD%E %
RBE-LUTEREWVWZ B,

a2 ) — MPELOREWITIR ST,

(a) Concrete is not tough to tensile strength.

(b) Concrete easily gets cracks in and on itself.
FOMBERZUEI B RITNIER S R0,

() Concrete is easily made and shaped in any form because of its fluidity before it gets
hard.

(8) The cost of concrete is very cheap.

FH, BOLVENAERBE V. Rl (@) 2H 5 2O IS NEZOBHEMHa> 2 ) — |
(RC) TH %,

o ko IV — b DBEWEEBAEIZIZIZFEUTH S
o LAYV NDTIAVMWENEGZ DSOS

FOHM» S, BEar o) — ARSI NALLERE, BHHar o U — ML, “HEFOR
M, CRAEMT FELIFENT WD, BIZZNOSDPLE TH oI e Wbhrolz, BUE
¥, RC BEYDREAMLL T OMRERL A > 7 5 OMFFE - FRHICB W THER
RED—D Ll 5T 5,
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HIEiCIi 728D, RC @EY D EHFmib & T OMRFEHITIER ICEERMETH %203,
a7 ) — MEEYIZN T S tomographic 7 IEIEME RIS N TV ARV E WS DA
BURTH 5, EE, 2 RFRMEREINTVED, ZHE#EHE X [2,3] 1280,
TR EME SV A E B % W7z acoustic CT scan DR ZIREL TW5, AHiTI, [2,3]
TREINEZTATTE2HENT 5,

WMok, £3, EBEEUT, AFOME AL -,

ME 3.1

o We can conclude that for the test pieces of the length less than 1200mm, there is no
decay of the acoustic velocity from the viewpoint of its first arriving time.
o The first arrival wave of the ultrasonic one takes the fastest route in the cement paste,

the mortar and the concrete.

INsOMEEZHEWT, 327V — MEEGEWITHT % acoustic CT FAFED 72D IZ IZIRD
RIEZ R T NITRWZ 22 EELTWS

% 3.1 (Problem for non-destructive inspection for concrete structure) Let Q C R? be
a domain and f(x) be the propagation speed of the ultrasonic wave at the point x € Q. For
@, € 0Q, we denote by y,p a route from a to 5 contained in Q. In this case, reconstruct
f(x) (x € Q) out of the data

3.1) mmj11U@M%

Yap Yo

forVa,B € 0Q.

ME31IZHDEDICZOMEIZEIRN 12m U TOEEY 2 0RI1I2LTWABD, #
EEEGEY O, SEERERIIBITZRRD 3y ) — NOREWHATEE, %< ORMEAN
DIGFHAPET ENTW5B, ## LI [3] 2&3I Nz,

4. BW/NIVAZTERE

HIHI THAST U 7z acoustic CT Tl, EHEMIEES EH/ OV AKES FIH & ZEHED
ALbETHWSNTE Y, JFRELAIZ M H DEL iiﬂfb\# EEE’T?O) LiEE W56,
TNV A GG E D i MBI DOREE DMEN, 75w, BUAREIXEEORE IKFET 5720
BRI AN I SR WD, R OV AREIZ K S B E DR X O KIE, /OVAE
FEDFBIZH S & ZABD R BVWESITEL 55,

=i

H

]

l

3
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R OV AT & B HWFERAT O &5 RFEHIZEI VT WD,

magnetic ﬂeld¢

steel

magneto—striction effect

Fig. 1. @i/ OV AERAEDF

X 1 I2BEWT, MOME ARG Z20), IAIVITNIVAEREZRT I LI2LD, K&
WD &8 () D HEERNE (magneto-striction effect) 12 & W& H 2 FKAET 5, K-T, &
W NVAEZEEETH Y, ZTOREPEREZMIETLEMBEATVDED, BEDEDHD
NHEEFLUTWVDPIIEEIZIZFARSNT WA, T, B SV AGTEEENDOEE
BUNTH D720, RERBEZECTORWEEDNEA, b U, BHEIC SRS
NEDL> TV, BHMOBEIZKRERFEL5ZTWIETTH S,

AFEHTIE, IV = bMEULEBMHEL XV LT, BEEE#M SVAZID
J5Z 8k, BHOLEINSERHTVELZHFANLMEEZE R 5,

BRI 4.1 $mar 2 ) — b, BHULIEBHBELXIL, 20T 2EM SV AZEIZRNT,
BRSA 22 THEY X,

Z ORIED I T NIE, IR A Z HE X 22\ RC 8E Y263 % 3% %2 PET(Positron
Emission Tomography) ~D R REIC 2 5, AGEH TIX, MR 3 mzfind sl
ZXHEE T2,

o [MIEH 4.1 IR THN T HUIMIAR X ML & BERBEREZRI DI L 2RT 2 &,

o HOPDREITH L THIE 4.1 RATRETH D Z L Z2mRL, TOMEEZ 5T L,

o M1 4.1 OFEMTFERZHWT, WEBEAZMES 7\ RC #EWIIx 4 5 &% PET
B ARETH B Z &,
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5. 72 Radon Zift

AECIE, FHORBICEELUZME 4.1 CEET IO EHEHNT S, Afiox
HEZYMA X MEBOEZEL2 5252 THIH, £T1F, ToHRHIIL-TWS, &
Radon £ (B X #f2 ) OE £ %2EEH T 5, & Radon £ (&R X ##Z£#) 1% Radon £
(X AR \ZBBEB A 2O ERTH DD, TOERIIUTTERZ SN,

£ 5.1 (B Radon £#Y) Let 1 < d < n. The d dimensional Windowed Radon Transform
Ryf(x, A) of a function f defined on R" is defined by

(5.1 Ryf(x,A) = f h(t) f(x + At)dt,
Rd

where h is a function defined on RY and A € {A = vRJ | J : RY + R” (inclusion), R €
SO(n)/S O(n—d), v > 0}. h means the complex conjugate of h. We write R, f(x, A) = fy(x, A).

EFE 5.2 (B X 8ZH#) For a function f defined on R" we call

(52) &J@fﬁjgﬁ®ﬂx+%wu

the Windowed X-ray Transform (WXT) with window h, where h is a function defined on R and
& € R™. We adopt the notation ¢ = vw, v >0, w € S™!.

NS DEHIZNT HWER L, [4] 22BEI -\,
FEUIFEEBICTHET AN, ME41 128V T, S BEMABEAIZIE, LR OMNRE
ZRILTIIEEWZ 2N WVWZ 5,

RIE 5.1 R? ECEHRSI N f(x), x € R? N EEAITH 2 Ry, BUHIHE
(5.3) f f(y + t0)dt

N5 a %Atk HLU, eSS, yLO LT B,

(5.3) UM X SR L IR NS EHTH S P, RIE 4.1 12U TlE, ZoZENY)k
%X BT IS T B E b S, 2L < ILEEEIZ THET 5.
6. hHYIC

AFEFIZANWT, BV AEFBIIE T 2 5IEOREICETMEZREL A, 0
P YT R X SRAHIZ BT 20 2 B0 28 5.1 LIRWBREZR > TWs, M

5
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A4l O ERESES L, ar o U — MEEYIINT 5 HE PET OB EEIZZA
%, G, EREBEGROWE DG 6 o OREOMEZ#ED, a7 ) — MEEY)
DR ETLED T 572 2 FRIZEIT 20,

HEE AWTIE, JSPS BIFERIZEE (C)26400184 DI % 1T TV E T,
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