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is classified into stable plaque or unstable plaque depending on its tissue compo-
N NG 1 - case Of runtiure 7‘"‘\\%"7\" re 1€ 11SS11e 1 N
onat “ﬂ\ 1([ UL S Vi important for ar ) irate diagnosis of ACH For the

present, the major method to get the information about the condition of the coro-

ree g 1e IntravVascular 1tr: yund (IVUS) method. In general, a medical

L Praf : .

In order to perform the accurate tissue characterization and also with high-speed,
this thesis focuses on the excellent feature extraction ability of sparse coding. The
feature extraction method by using sparse coding from the backscattered RadioFre-
to characterize the tissue of coronary plaque using those feature vectors are then

scribed

Chapter 1 is devoted to an introduction of this thesis.

In Chapter 3, a new method to extract the feature vectors from the RF signals

from the RF signals, the basis functions for the sparse coding are first constructed
by the RF signals reflected from various tissues. The target local RF signals,
reflected from unknown tissues. are presented bv thos 101
expansion coefficients of unknown tissues are then obtained as feature vectors. The
tissue characterization using those feature vectors is discussed in detail in the next
chapters.

In Chapter 4, the method to characterize those feature vectors by using k-Nearest

k-NN) is proposed. The k-N n is a pop
istical characteristics have been well analvzed so far. The k&

as a classifier for this problem. In the experiments, the proposed method and the
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show that the feature vectors obtained by the sparse coding are more effective for
the tissue characterization of coronary plaque than those obtained by the frequency
analysis based method.

In Chapter 5, the method to characterize those feature vectors by using a sub-
space method is described. The k-NIN takes much time to calculate the distance
between the unknown vector and the learning vectors. In this chapter, in order
to perform a high-speed tissue characterization, the subspace method is employed
as a classifier by considering the distribution of those feature vectors. In the ex-
periments, the proposed method and the frequency analysis based conventional
method are applied to the tissue characterization problem in the same way as de-
scribed in Chapter 4. The effectiveness of the proposed method has been verified
by comparing the classification results by the proposed method to those by the
frequency analysis based method.

Chapter 6 is devoted to conclusions.
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eque EE%EBIT2Z LT, MENTOREERET D [14].

2.3.1 BIZREEIE

— MR, BEREIFIAFBLEL Z & DT E D EREEIPH % 8 2 72 20kHz 2L E
DERAEEDZ & 28T, TEMZIZZOEKRE NN, EEKEIZAMOE TH<
ZEEHMELULBRVWERDI L THDEERSINT VS,

RS EREFA U LD ICERDFEREES FELE UTHOWOND D, FiEE I
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2. AEHGEE DIKRIFIZE A D (BFRIIMEIK S 2 EITKIF S 5 4%, BRI ER
FEARTHI 10> DA =X —1F L H ).

ZOMEDE NI LD, BERICESEGFHTATIE, X#a Y Ya—RiffEE
HPHSRILGA A Y =2 7 EOBEGEHINTE & 13580 > 2R E L 5.

EDRE

WL, MRS A OV AL, YA COREME ST HETH S (1M 2.7)

[11]. 7SOVANED Ty D78V A %K U T, AR LI2H 2 KAHAA P BR» 5D
RFEE%2%2ET5LE, UTOBERALED L.

2X = Ct. (2.1)

2T, X \MeIREERE, ¢ 3EERR, CIMERETH D, 72, NRE&TDE

HSIZB T BEMEE C B —ETH D ERET B &, (RMREEME X & IR ¢ AMEH

WEC 2N LT THEREE R ) & WS BERKAVE DD, Lizd-T, K
Mt zEHlldoZ 228D, EtX PESND.
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ZZ T, xp, zplIEMEA, BOMETHD, Az IIXFAEA L BEOEHTH .

AT—TI

AT—TNElF, AEMETCTELMENVEDI L THL (M2.8). #T—TI
DI E R T (Ta— 7)) PEEINTE D, BHERE2EZETHI L
MTED. 2070 —7HOIRE 11X, EXUETE2EERETIC, XI3BEEHE
FEBERETAN LB T IR RD, BEAEELBEORE 2R, KE)TIX
JEBHE TP ORI NS0, BAOMIIILNU THTHEAT 22D, 20
REIC K D EEEAERESI NS, MENBEBIATIE, FVTNVEESAMEM
NTWd (K2.9). FVTNVEEAALE, TO—T2EEEIED I L2 LD B
RIZEE K Z EE I, ZOREHICEERNEHOEGEZRELEELTNTH 5.

2.3.4 XRRFZE

M NHESIREOREARN 2R RGTIEIZIE, AE—RERE BE— NRROD 2
b 5.

A E— NFRTIE, FBEENTE T2 5 Of# i 2%, Mtz RFEES
DIRIEZFRT D, ZORRGHEZ, RFESOIRIEPEREZBHBLPTVE VD
iz iEo., LA L, 1IRTEETH S0 1 EHEL D ESNLHERITDR N, £
T OMTHBDUERZFIFITE 2L HOEBEIZR>TLE S R EoiE
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B E— FR/RTIL, RFESOHIREICHIG U ZHEHEZEGEE LTRRT S, Z
DB, TO—T7 %X BB SHEEROEEEZTS 22T, MEKHEZHRRT
5ZENTES. MENKOMTHEGZ (LT 5720, ERORRX MR DT
MBLURTWE WS Rz R [13].

X 21012 AE— & BE— NOFRRGIEZBEERMTRT. EZllOXIX, MEN
AT =T IVEFEALZMTHS. AIOXMIE, AE—FNRREBE—NRRD
MThs. FROMIZ, To—TeYBEE2RLTVWSE., —FLOMMPAE—FNEK
RTHY, WBEOFIREZ LIRTEFLLTGRLTWS., —BTFTOXMABE— K&
RTHY, WHOBRZEGHE L TRLTWS.
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PEATIE, @HEIDBE— FRRZEALLZHD (B E— NEG) 2 A\ THERE
DREZITS. TI T, RFES (1RTES) 256 BE— NEGZERT 570
DR, MOZEDRRFGIFIZOWTHAT 5.

[ 2 25 45 D L3 5 I

MEWNEE RT3 —EETIE, Moo REES52E2 (M2.11).
1. REE5DMNEZ KD 5 (X 2.12).

2. 1 THRONZETENBAT — AT 5 (4 2.13).

3. WA T — ) ETOEREST Z KD D (X 2.14).

4. 135 N7 WAk R BEEEIC AL C B E— NESEERT 5.

X7, AT —TVEXE29D IS IZMENEZ T I TLEELTVWLDT, X2.150D
XD ICEG R S HRENRICEEM A ey T 5. BLEDOAETIER LB E—
NEHIX 2.16 £ 72 5.
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MERBEREIC & 2 BRI

AMEREEEREDRREIZIZNEOIRZEE 721 T L, MEBED 75 — 27 ORI
“M%EEZ&% RRRIL, @%, Z0BE— NEGZ AW TIERNOKRER
75— 7 REOFEMAR Y E2iTD. LA L, BE—RNEAIX, Ta—75 5 0OFHHIZ
Jio U 72z 88 5 I O JRk e R AR MER 722 £12 K 2 8 & I O BEL DS EHIN T, A HHREE 72 i &
5. UlhioT, ZOEBDIANS T T — 7 QMR 2 1R 25 Z 2k
WtTdhH s, ZOMEEZAIRT D722, REESHS T 7 — 7 MR 2 17
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2.4  FEROMEBIMERHBIFE
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WREINNDE., 2o DR THERENLRFIEL LT,
% & BRI IZ D W FIEIZ DWW TR S [15-19).
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1B, UTO LS RBSHOWEIZEE U, RF1ESOMMIERANE > T
HTHD,

1. BWOYBOBEREDAENKZWNFY, 2 O0WEOEFH THHIZ K
INBHHGEHEDOI RN F =P REN,

2. A0S EEROBR LD %YT%X&%%E%@)’E%W\%L\ GAIZIZE LD
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NIRAEE LA D AR MR 2 H T E 2 Z e Db h 5. 2 OMMREIZ IBENRR S
EWOHOREARMAL, MR TONTEY, TOAMERPRINTVS.
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HENREEIEWVIEFERFEO T XV F—EEVOT, H—-OYETHESED
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ED X SI1ZIBIEICIE, HHEL 22 IBEIFHHIGZRMIZ L > T—REMIZIRETE
e WO ERZEERD S.
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RF 155 O BB BURATIZ & 2 8RR AT BE § 2 D BMEP R I TY
% |18,19]. BAAMIZIE, H2—EDORIETYIDH U TELRFESIINLT, M
fistEr 7 — ) T AL, FONT—ARZ MLEES, BoNNT— AR
7 MIVEREAR S ML e LT, ENOMEEMRER 2175, Lo L, e
MOBONTZNT =AY MVORIRDFELS 256034 <, GRER T I — 7/
MR BN B > TRy, 21718, B2 ~DOMfd 5155172 RF1F
AR 2 AT\, BoNENAT —ART MLERT. £, FEZERIZ BT
HEMBEDNNT — AT NV DA% 218 12R 9. X218 Tlk, EiREZEM Eiz
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2.18: BRI SBESNILNNT —ART MLVDHA

2.5 &S5
AETIE, 9, 2aMEEEN2HET S ETHREL R EEROEEL 75—
2IZDOWTHREZ, £/, 79— THVLONS HEOFEBEE B E—

REBRDFRFFEIZODOWTHHEZIT-7=. UL2L, BE— NEHILX, Tu—7015
DEEEEIZ IS U 72 Z O E PR IMBR AR 212 X 2 BE IR OBELYRIN T, RIHH
BB 75, ZOREE BR300z 1B IE L R I o0
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3.1 S

RETIE, RFEFTICLDMENT T — 2 OMMMIREE %2175 7212, RS-
A3—=F 1 ¥ 2 %A= RF 55 ORI IR DO WTIRR S [27].

3.2TIE, AN=23—=F 4 Y ZIZOWTOHPEITF, TOFEET LT XLD
FIHZIT 5. 3.3 T, BAEWNLRFE55 0 OREEMHIEICOWTERS. 3.4
TlE, RFEEEPSHBONFHREIINT 2HEE21TD.

3.2 RA/N—2OA—F4q45

AN—=A =T 14 V7%, EYO—IRERE ORI 2 B2 E T VL 72
H DL LT Olshausen 512 K> THEHEI Nz, EBIAN—20—F 4 V72V
THARBEGY O HEKEREZFH U AR, HRROEMZAE & Bl KRE
D IZ R U 7= LR, ZOANR=RAT—=FT 4 VTR 2B AD
oA IZ b T WD

3.2.1 A/NRX—22O0—F 4 VDR B

AN—AA—T 4 V7T, BE5E2/NBIIIHEIL, TOXMI L 2 RKEKL
Z DO TERE D LINET 5. TOBUZ, FEBEBOBREBIZ A= ()
MOXMNERT Z LT, TELRIIDBOREEBCHERNGETE2RET S, Z
ZTDAN=ALIX, HIEFEREBEMTRERIEAL L ZORBMOMED, £ < DM
IMEE DIEDERBIZEDRINTVWBREOZLTHSE. AN—Ad—F 1V
TTINEHEOES L BEBBOES (IRx) E—H L TV HENDH L0, HE
BB OBITITHIRI N2\, ZD XD ITEBOEFDOIRIT LD % < OREEHD)
5 75 2 FEEBARCR I S FL BRI HUR (ove lete LIFIEND. AN—A
IA—F 4 VI TIRANES 2RI ERRTE 2 B MEEEER E F0RE %
FHIZEVERTS.

ANMEB%E X;(i=1,...,N)&$5. NIANEEORKTHS. 20 X, 251
JEREE . F DR DIRERNZ L D, IR TRETE S LINET 5.

M
Xi = Zaij(bj. (31)
J=1
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3.1: L(z) = log(1 + z?)

ZIT, ¢ IEERKTHY, ay 1ZZOHRBTH L. £72 M ITHEBEB ORI
Thd.

AN—=RAA—=T 4 7%, PEOREFEBORNTILOET 2R MIZRET 572
B, B ai=(a;,...,a00)" DTEBET A= (B) 12725 & 51232 MK
OEHRET 5.

BARPNZIEL T O LS B a X FEK O DR ESIN. ZD 0 2H/NMNITH LI R
BRI ¢; L5 a, 2FH L ORD S,

0= f+ Bg. (3.2)

ZIT, BIRE2HOEEMZIRET D EDEHRTHS. F1HIZ, ANET X,
LHESEDEERAZRL,

M
Z (Xl - Z aij(,bj) (33)
i=1 j=1
b, ZOHELIEIK, HIWEEPANESZ2ENEITHEETETWS 2 FHE
L2HTHD. H2HII M a; DANRX—AMDREZRETL2HDTH D,

=L (%) o

L5, LIMEEOIFGERTHY, ZOLE2BEYNGEIZ LIZLD, FEa,;
BAN—RAIZTDHIENTES., o ldEHTHD, ANIESOEREFES—
REIZHWS NS, L( )liaU—O’Cﬂi/J\ mh, FIho o BEZLTEE
ED BB 2 & 5 Bk EAWS. Fle LT, log(l+22), —e @, |z|7%&
ENEIFoND. KSLTHOW log(l +2%) 2 (3.1) 1IZmd. TOM(3.1) &9
log(1+2%)lda=0TR/NERD, 2 PEIT D ERTEINTEBTHD Z L
ZANT A AR
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AN—RA—FT 4 VT DEE

IR s, 1R TR

M
aij = |Gij — ; Rjkaik - gL, <%”>] (3-5)
DM L > TIREEI NS, T2 T,
dij = X1‘T¢j>
Rjx = & ¢ (3.7)

ThHYH, TISEEZRDT.

7z, FHIBVWTIRERK ¢; &8 a; ZRAICFHIED. ¢ IFHEHX
Niza;; EAWT, A MEHOBREDTLEIITEHIND. T74abb, 0D
fidz AW,

n 00
Ap; = —5o -,
J 200,
N A
i=1
L%, 22T, X%, AMESEEERR L RROMEH TERLZHDTH Y,
M
Xi = Zaz‘j¢j (3.9)
j=1
b, £z, nidFEEETHY, N30, X MINKT 5 EFTEHEEY IR

I FERTR, BEEK ¢ LR a; OMEFIZED, ANESHETTINSG.

3.3 AN—ROA—T 1 v %=AHW:RFE50HHEME

MEN T T — 7121F K E < aGAUKAS, SRS X CIREMHRFET 5.
ZDHTH, AKAKBIZ RFESIZE T 2 KERENE WO, B E— NE&EH
SHIETHMT 2 Z &N TES. T U TREHEM: ML & IeEMEffRIE, RFAE
FIZBT B AEREINEWMEE 25728, BE— REBROADS, I OHE
IS 22 L IZREETH S, LD > T, REFETIE, Z ORMEMER L &
MAkz DT AZ L 2EHMWE LT, ANRX—RA2—F 4 v 7 %2\ RFE5DEK
B 245, BAMIZIE, TSRS 3 DONIEIZ X Y RF E5 ORMEE % il
5.

1. AFMEE LR AFETF—RIZN UTAN—AaA—FT 4 V7 %A UREBEK
2185,
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2. PHTFT— 2B HERBEHVWCRETSZ LT, TORKNNX—2% RF
SORHEE L TES.

3. IR R THEZRAT— X IR U THEEENSEONRERKAEHNTE
HI DI LT, REOT—XRDBEHNAX—2% RFIESOREEL L TEHES.

9, EHIOFTEDES N TV DA & BEEMHB» /B oNZ RF[EE%
FLOT—DODANERLE LUTAN—AI—F 4 VI OFBEEFFS. ZOASEE
£725 RFEHEIFMMEICABRBIC X DESAMICR2 8 LI, BIHmes
JERMIZIZ 2 x4 HE LT W HINTHESTHD. TIT, RFIESEAET
MZED 2T S Z & T, MENMROEEFHREEZETEZLLEZEZLN
5., ZOANEETHAEET —RXIIHUTCAN=—RAa—FT 1 V7 2EPL, HE
BB EES. ZOZEEDBEOANR—ZA2—=F 4V I7DNIT A=K, B=0.75¢&
n=0.01 & U7 FEEEBEKROE M IZOWTIE, BEBIZE>THYHIN
RITBD 258 LT

Wiz, PET -2 EHERREHVCRETLZ LT, RS- 255,
BREBICHINRTH D2 RAT — 2 U T HERKZ2HWTEET S Z & T,
BB Z—2 %2185,

FPET = AP OBONTRBNX -V 2HEIT—X & LT, KT —XDERHN
R—YDNEEITD. ULENoT, ZOAN—AI—T 4 VY IThH5HESLNBEEBN
R— > DRFED T T — 7 OB EN DBRICEE L 72 5.

3.4 AN—RA—TFT 4V J7LUBLNZEHE
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/
.35

] 50 250

100 150 200 100 150 200 250

Basis function number Basis function number

(a) (b)

[ 3.2: MUBIEIC B 1 B RHUS K — > OHEHED T, (a) SHEMEELE, (b) NEEMEHLE

300



WIEW AN—RI—T 1 %AWz RF 55 ORHEE A 19

- 5

3.3: 1 DDFHT — RITHT HHENR — > OMOHE. (a) SAHELEMRE, (b) FEEMEHRR

BoNTREED, MBI I UZRSETH L b b.

1 ODEFTF —RIZHTHBHNRR -2 2K 33T, ZOXMDSEHRE—
D%  DRUME L DO ERMEIZ X VR I NT WD Z Ehbhb. ZHFAN—
AdA=F 4 VI DRBETEDHDLANR—A () MIZLDBDEEEZSND.

3.5 5

RKETIE, ANXN—AT—FT 4 VIZOEIZOWTIRR, FOXEHETILIT) XA
DWTHH L. RIZ, AN=RAT—=F 1 7% HAWT RFE50 5 ORHEEHH
RIZDOWTIHbR 7z, RBIZEBO RFESICANN—Aa—T 1 V7 %2#EHL, 55
NAEHEIZDOVWTDOEEE[TH 7=,
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4.1 #S

ARETIE, FHIBTERRIZFEEZ -EBEC X 0BRSS U <IXIeE MM
I L 72RO VW TR B,

4.2 T, EEREIZE Y U CHEERIZAWD RFEFSIZOWTIHRRS., 4.3 T, #il
WD E-LIED TV T AL DOWTHHT 5. 4.4 TlX, /ERTIETH D
WBIRATIZ D K FIL L LR 21T\, REFIEOEMEZ RT.

4.2 ZEROBE

FERIZFHWS RFIESIX, "Xk bR, SEEINZRFIESTH 5.
NSO RFEFIX, MEBEATEGHIC 2048 /X, AEFNIZ 256 mOIEHRE RO,
ARFEBIHEE UZIMEIE, WEMARORBIZ LA EABESNLTVWS, DD, Z
N5 D RF EF T IEEBE O & DI TR BRI NTWET—XTH5S. 7
Y X0 T — X U TIARMEERRR, BSOS H 5 S W imE 4 % <
NZN2HMHWZ. & bOTFT— XTI L Tl 4 ¥ s Wik iR = A7z,

AR L 72 D R O BLOE 2 X 4.1, M 421257, Mo EOoHEEIT
RRAEMERAR 2 R U, REIZIEEMMSE RS, VYO MEWIZ 1) 5 B0
i, WIS RREME AR S U QIXIEEEEO AR S5, 2k, Y FLRESR
HYchHdZ EIZEBALTWS., 2 LT, b bOMERITEIZ 1T 5 B/ aHE
i, RRAEMERAR & BB AR D 2 D DM 572 5.

R IRIZIZ A AT 2 DO Rk 2 HWS. BEKIZ LX) HX 7z RF
FRIZH LT, MR 7 — ) £z i70, BN 7 — ARSI MLV ERHE
B LUTHWS., £z, BEBIZIEANN—20—FT 4 V7 LEROEDZH WS-
@,ﬁ%%ﬁ%%ﬁb&w%%tﬁ!%ﬁ%%@bt%%ﬁ%éﬂé.
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B 4.1 DHEOT — X OELERK. (a) VX O MBWE 1, (b) 7FFOMBWH 2, (c) 7
D MW 3, (d) 9 ¥ 0 MEwE 4

AZWARERE UTHAT 2 [28]. 20 k-EBHETEMAT VT XL THLIED
D, INETELDNAX—VHHNEHR I N, TOAEPRINTVWD

4.3.1 BOkEE

N v ' N) RIS TIRA L 2 S RAIZET AT — X%
T HAREMED E VW E WS B ZIZEDL. LR ->T, ANTFT—RIZH LTRSS
TEWEEREIC IR T A HI T — R D2 5 AR AT —EZDET 225 A1, L LTH
19 5.

WHIT — X127 7 AEWME LT (p, 1) (i=1,...,n) THAONDE. ZOHMT —
RANT—REDHEHIZHESEANT— XD 5 Al 2175, KIFFETORHEEIZ
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&, —fRa—2 Yy Ntz vz,
D(p;, z) = |Ipi — =||. (4.1)

Tz g b AT —X2Th .
L7=D3oT, ANT—ZDET 7T A1, 13,

l. = argmin D (p;, 2) (4.2)

L7 %. B3 ICROERE S8 5N D WA 2R, ZORTIHE, RHHEN L
H LD Y T ADBMNT — ADRAL TS, BOEBHETE, ANTF—%
&, BOEVCEEMICEET 2 HI T — X1 & OIS 57, TOMIIBITIERES
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Bisre e, A4 RXEFEOHELZIFIZAWVEWI D H D . ARFEBRTITITEK
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FSADT—RDEBETHSE. ZDLx, 7I53AN - 7T AMEEH L%
_ S
-3
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