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Abstract: 1tis difficult that diagnose Diffuse Lung Disease(DLD) from the textures on the CT image which are diverse.
In such cases, pattern recognition using computers is effective. On one hand, unnecessary feature got as input, then
there is a risk that the generalization ability being worse. In this research, for DLD classification with texture features,
we tried to selected the effective features combination for each class. However, since texture features are too much, it is
difficult to check all combinations. Therefore, we approched reducing combinations with a hierarchical feature selec-
tion. First, we selected effective combination of groups which include features extracted by a texture analysis. Second,
from features in selected group, we selected combination of features. To evaluate selected feature combination, we
calcurated test scores about all combinations and compared to Lasso which is one of sparse estimation method.
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Co-Occurance Mat.,
Fourier Power...

/ State vector s / | v
Classifier with
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D features have 2P — 1 combinations

Feature Selection with

Exhaustive Search, MCMC... (Linear SVM)
P
/ Energy Function E(S) Classification Performance
(CV score)
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consolidation ground-glass honeycomb reticular
(CON) opacity (GGO) (HCM) (RET)
emphysema nodular normal
(EMP) (NOD) (NOR)
B4 ROI Wi 7 FEEOMEIG]. a, b, ¢, d W FEAMMEBDORR
IS5 ATH5.
B (class) | wesgsen | 7A0A |
Consolidation(CON) 26 & 26 14
Ground-Glass Opacity (GGO) 50 % 46
Honeycomb (HCM) 72 1% 73 ¥
Reticular (RET) 70 66 15
Emphysema (EMP) 294 & 296
Nodular (NOD) 65 ® 65
Normal (NOR) 359 355 %
| it 036 B | 927 # |

%2 CT Hi&§H 580 U Z&5ER 0 RO ik DKL,

4 275 A THDBIRIHEE (consolidation; CON), T 1 4 A4k
25 (ground-glass opacity: GGO), EHAREER (honeycomb:
HCM), #81R52 (reticular: RET), KU, U F AMEMEEIC
BT BER/NE —2 2 7 5 ATH D% NE (emphysema:
EMP), HkitksZ (nodular: NOD), IEHRE#H/SZ—V 172
T A THBIEH (normal: NOR) DEF 7 27 T AT/ EI N
TR THd. ZOXKMCTHEKEELY, EMiMNfEEL K
RN 32 x 32 DBALMEIE (Region of Interest: ROI) 12 8 #ILA
EEHEEND LDITYY U E4T > 72 ROI Hif§ % /ERL L 7=,
EERTIX, 20 ROLEENS 39 HD T 27 AF Y Feld% il
WU, JNUGETFT—R2E UTHWLZ., 7 — &I ROI [
DOHBD A — X — RO T ADBED A —F — S EFEE
IZR2 &2, TAThIREBEEAT -2 L7
ANHAT—REUTHWLZ., T—2DOREOBUZIXERD
B, REBERAT -2 LT A NHT—ZDONGERIZ
Al —8#F D X R CT HiR & ) AEK U 72 ROIEE D& N8
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32 ERBE

AEBRTIIREBHERAT 2T AMNHT—&2 &2 AW
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class CON | GGO | HCM | RET | EMP | NOD | NOR
CVscore | 1.00 | 0.947 | 0.989 | 0.925 | 0.947 | 0936 | 0.929
Allother || 0.972 | 0.947 | 0.923 | 0.925 | 0.686 | 0.931 | 0.616
R3 KITAIBIFDE, IN—TEIFIZL > TRIZNZRED CV
AT (BB &, EDEDART—RIRUTEHN Y 5 AL
YL B 237 (TE)

ADAEMAL, K =50 K-fold ZARIFEIZL Y, IRAE
DIAXNVF—%HHL, BEEREZT>~Z. ZI T, 2.1
HICHEHALZEBY, BENLREER2TD. BB
ZBWTIE, 77 AFYRBINV—Td6 >D7N—7
(COM,RLM,GLH,GLD,Fr,Ft) 2 53&R 2175 . Z O, #l
AEDRIE 2 -1 HBEDTHAHEATMETH D, 5B
TIHBEINZ TN —TIZE L TS RN S BN 1T 77,

4. R

4.1 F—EEEROBER

BB OREEIRTIE, 6 2D 7N —TEROMHAE
HEEERT 3 REEMREL, ML/,

TN —TORFUE T DIREBHEEIZBNT, &b CV A
ATRERD TN —TDOMMAELEEM 5 IR, K
W N—7%AR, $o&E CV AT WREUVIREEZ Ht
HZIEIZYE AR 72, B DRI N TV DO AMEDON TN D
TN—T%KL, HbLbNTWRNT I —TFELFEL .
7 Z A& > THEBORENE— A2 7 TEIEN TN,
FHOTWBD TN —TPRDRREEZRATLI L L L.

CON 7 5 ZD#HATIL GLH IZEL TW3 727 AF v I
BOARZEHNDZET, OV —TIZEL TV E %
FAWAZRREDERWVRETH LD Z e300 5. £/, i
DY T AZENTEH, EBROINGIIHEA TIIHESD D, £
TOIIN—TEFEARNIEME D RN GDY, RO %
TEXDZEWDN5.

GGO ¥ RET D7 7 A% R\ /-2 5 AT, [Fl—DiER
INZ—VFIFEL R, ZDZ L FREBR Y T AN, Th
ZTHIEAE DRBIE L 727 7 AF YR T N— T DA E
HEZ/HOILEZREBLTNS.

FTA1IFTN—TOEIRIZBIFZET 7 ATREREV CV
AATERUZ. EDOTFAIBNTE, Rd BWIREIC
BIFDECVAITIXN0% 2BA TN,

F7z, TN—TEIRO 63 IREIZB 1T D ARTEH G % T
AU7. K 61X CON & GGO DIREEENAETHD. 1
BiZ T2V F —, M IRREEEEZ R LTS, I
RUTWBHED T Vi, 2ETOFEHETFT—X2Z2HNI F A
DA EHEST D HMANBO T XN F—EEZRL TS, 2
DEDIBITAVMENCT RN F—EIZARD RN E LTI,
FEUF—EWE>TEY, WRT T ADT — RN
BEWEZONDG. THhLL, HAT, DULIHT—F K
ERIZBRONR Y 5 ARG 2T, REBONZRIL
HOWBEEN 2 HITE Z L THMMEEEHRIS> 2357 —
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GGO
COM RLM GLH GLD Fr Ft
| HCM
COM RLM GLH GLD Fr Ft
Ret
\ |
COM RLM GLH GLD Fr Ft
B —
COM RLM GLH GLD Fr Ft
NOD

@

®5 &7 ACENTTIN—TEIRTHREE D CV A7 DIRED
%%, L6 CON, GGO, HCM, RET, EMP, NOD, NOR M
WRTHD. MENC TN —T 2R, MR EIENREE
AN BYORINTWD T IN—TRHHL TS Z I —
T%#%LT\W%. HCM Ti& GLH, Fr, Ft ® 32D 7)) —7 N
BEIENTWD.

ATHB. M6k 11X, CONDTr—A%2RKLTWVD. Z0D
TF—ATIET A VDL D E TR F—D(RNIREED LR
FAELTEY, #BINENRIN—TBEHELEL TS
eBEZLND. —F, GGO VT ATIE, 71 VDfHE
EDHTRINF—PEVREPFELTE ST, @ilichE
BB TIN—TBEELR. T8bE, +oIZoEd 5
BB AT DN LT T ATHDIIENEZ LN
5. ZO&DBRT—ATIEHMND S £ HRBNT T AT
HdLYWEITO LU CONYZITADEIIZLET
EHWM 5 A CHE U ZRDOZ RN F—Z D AR
BRIREEN L BAFAEL TWB 7 5 AL LTIX, EMP, HCM,
NOR D4 75 ATHh5. ¥4 D GGO, RET, NOD D7 7
AL TRENZ 5 AN LWL 2RO AT LD EH
SRV EFEL THAEN D /.

BB OFEREN S, CON 2 7 Ak GLH K7 )N —7
MNHELND R T, EMP 27 5 X {COM, GLH} ® 2
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Density of State (CON,CV score) Density of State (GGO,CV score)
0.25 ‘\ —— All other —— Al other ]
“\‘ 0.07 |
0.20{ ||
A 0.06 I “ I
g 5\“‘ 200 “\“‘ ““ ‘
£0. I ©0.05 |
Eoll (-
0101 | \ 0.04 I “ I\ I ‘
\ |
\ 0.03 1 A ‘w‘
0.05 | A _— N AN
4,1 L VLA |

-1.00 -0.99 -0.98 -0.97 -0.96 =-0.95

Energy (negative CV score)

-0.94 —-0.92 —0.90 —-0.88

Energy (negative CV score)

B6 Z)—BIUIE T DIREEENM. Bfc T 2L —, el
IZEEERLU TS, AfllZ CON, LMk GGO DIRBEEE &
fTdH5. Allother 2 HHEIZ, CON Tlk+2I27 7 A% i
U TV BIRENLBAFHEL TS DY, GGO TIEETDIRIED
HUELLEOTINF—TH B I BN 5.

TIN—Tmn 51552 [ 13 ff, HCM 2 Z A% {GLH, Fr,
Ft} D3 7 —T7n56E 5135 21 ffl, NOR 2 T AlZ (COM,
RLM, GLH, GLD} @ 4 7' )V — 7' 5 B 25 fEIZA] 1) A &
EIT5Z ke U7. INODORHEMNS X HITHE B O
MERIRTZZLIZR5.

4.2 FETERRE

BB TIIEE — BSOS R & V), CON,EMP,HCM,NOR
7T ACBWTRIRI NI N — T8 5 Rk A
W, ES-SVM/AES-SVM %% 3# A L 7z. CON, EMP, HCM
77 2B WTIX, REED KA 20 728 ES-SVM
HEBEMA L2, NOR 7 7 AZBEWTIE, &RER1 K
30X 103 RREEL 2\ 720D, K MCMC % FW TEBIY
72 ES-SVM 7% (AES-SVM) % JE A U /=.

X 812, NOR 7 7 ADRBEBHEIZ L >THLNAZ CV
AT RENAEDEEFIZEL TS, Ml Ree, &
filZ CV AT BEWIEIZ, WU CV AT7OMlAaGHhE
WEFEHA U T DR ZRWEIZ 100 IREEFIZE L /2. CV
A DT HEOHLAE DT TR S R L 6 220 ORI 6
MDD, REOIUEERNBITONT NS Z BN hd
am,mmLEMP771~Bwfﬁcvxz7®mw%
BIZBWT, »REEHHLTORENEFL TS
Z & DR SR

4.3 FHE
ETOMAEDLEDTANHT—RIINTE 237 %5
BULKREMALZ. TAMNHAT—ZOBAEEFHRD
ES-SVM 128\ Tl%, CON, HCM, EMP, NOR D% 5
R UTHEAL 2. K43 IDREERIZBW TR &V
CVAIATOMAEHLEDCV AT ETAMNET—XIZ
NETBATT, HEBEETHYAENZREBIZRLUTLI
EAMEZ A U 2SS0 T A NET—RIZ84$ 5 A
A7 %mRY. K43 &V, SEADFEZET T ADCV A
AT7BRENHAEGDEE, TANAT—ZIZHLTEEHD
AAT7EZRLUTWBI R o, ZORERLY, 5
D W fE ) 72 5 180% R ¢, CON, HCM, EMP, NOR 7 5 A
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Feature

Rank (C\;score)

K7 NOR 75 ADHE _BREOREERIZBWT CV A7 DEWN
MAGDOEE 100 JREEFIZE L /2. iR, M5z cv
A AT BEOVIERTUAR 2, B DRINTODESMZ DM
AEHOETHALTHWEIHHETH 5.

class | CON | HCM | EMP | NOR |

CV score 1.00 | 0.996 | 0.990 | 0.957
Test score 0.998 0.988 | 0.963 0.917

L1 0983 | 0.984 | 0934 | 0.853
X4 FE_BREOHEGERGEINZRED CV 227 (k) EF A
rMAF—&D2a7 (h), L1 EHMLZEH L ~BOF 2 A
F—=2DA7 (F).

DHEBRINE— 2 ZMYNCREA U ZREOMA G DY % 3
Rk EZEZLN5.

X 51T, ANRN—AHEFEIZ XD RGCHIBFIEE D e U
T, L1 EAMEZBEH U 2 RS s i L, 7 A NH
TRIIHTE2ATAT O EITo72. £43 05, ¥
DI IAZEBNTH LI EAMEZEALAZAIT LD B,
REBERIZEL > TEIENZHMASGDEEAVZGEDIF
IMENATT EZRLTW 2. X8 IE NOR 7 5 AD Rt
IZZ R F—, M OREBEE 2 R UREBEENMATH
5. MHFIZREOERN CEA L FEOMAEDED AT T D
P % BRR, L1 FAMED A7 OB % S TRLUTY
5. L1 EAMEDO A7 &V & @mWilAaEabEIE2RED
D HH S9OBEEL Tz, — 1T, FHHEEIRTREIENZR
FEL ) H A7 DEWVIRIBIZIREF T, #6%7 17T
LT3, CON, HCM, EMP D% 7 AIZBWTE [ARkA
ERMELNAZ., ZOENS, L1 EANBIE 2 IZEN A
A7 THDH, SREOHIZIE, TN EIZESBREEO
MAGDOEIIBEEELTEY, REERIZL > GER
N-fAEHLRERREOFTE+RICEH AT T 2 HKD
RETHY, NSRS FENZ LRG0 o /.

5. i

AL TIE, T2 AF ¥ Riflie 0720 & AVERR &
BOFBAN B W TRHBGRRZ 7V, Wld 2 EEL 2. R
BOZIRZ —BEIZ I TIT S 28T, REX ) iAA,
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X102 Density of State (NOR,Test score)

—— Test
-—-- Best

1.2

1.0

o
©

Density

0.4 4

0.2

0.0

-0.9 ~0.8 —0.7 -0.6 -0.5 0.4
Energy(negative Test score)

E8 NOR Z I ADTANHT—ZDAITIZET 2IREEE .
B TRV F—, HElCEEEZRLTWD. Kd, REGER
TRIZNREBOED AT 2R, L1 LALOADATT
EREFRTRLTNS.
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