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Feature Selection for Diffuse Lung Disease Image by Bolasso
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Abstract: Diffuse Lung Disease (DLD) are observed wide spreading in lung, and preventing spread of the
disease requires early detection and proper medical treatment. In this research, we try to construct a com-
puter aided diagnosis (CAD) system which selects features of DLD in X-ray CT image for classification.
Combination of selected features, which are determined by data, would make clues of finding information
carrier diagnosing task. In order to select features, we apply a method called “Bolasso” for this purpose. The
Bolasso is a combination of bootstrapping method and a sparse modeling method called LASSO. LASSO
requires sparse solution for representation, however, it tends to overestimate the features in selection process.
Overcoming this problem, we introduce Bolasso, which integrates many LASSO solutions for resampled data
by boot strapping. We confirm the Bolasso solution shows reasonable and stable for the DLD classification
task.
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Fig. 1 Example of lung image in X-ray CT image. The left

UFA MR ECTER

figure shows normal lung image, The right lung in the

right figure shows a diffuse lung disease shadow.
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N
E(w) = Z{tnbgyn +(1 - tn)IOg(l - yn)}- (1)

n=1
WL 2w ied b ANT—% o, 1237 5Tl
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s =(s1,82,...,5p), (2)

s, €{0,1} (i=1,...,P). (3)

SO, 2L EITs; =1ThHY, bk X3
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D—EOEF w; D30 LR )R T hb7c, Bk E
RENRIL b, HEEAw, PO THLEE, (HHD
Ty = {y, 2, un ) = {yn )0, ORERICHES L
BTz, w, =0 &R HREHEERL ZWRIREER D
CENTED., X TCwrbiffEd s I r—s xRy
MV ZUTOL)ITERT S !

§=(51,82,...,8p), (5)

sp = sign(|wpl), (6)
1, |wp| >0

—{ . (7)
07 |wp| = O

sign(u) FFFERTH Y, > 0% 5T sign(u) =1, u=0
% bidsign(u) =0, u<0%5dsign(u) = —1 23R
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HBEMDLWI L 2R LA VI — I RT PV ER D,
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Algorithm 1 Feature selection algorithm for classifier us-

ing Bolasso

Input: Input data: X, Label: ¢, Number of replicas: M, Hy-
per paramater: A

Output: Indicator vector: s
Replica: (X™,t™) «— bootstrap sampling (X,t) (m =
1,...,M)
for m =1 to M do
Optimize w™ to fit (X, t™) by LASSO with A
Estimate 8™ from w™
end for
Indicator vector set: S = {&',...,3™}
for p=1to P do

Compute 5, = NM_, sy
end for
Estimate 8 = (81,...,8p)

72FHE:TH A DS, LASSO 13, FRAMLIHOM S 5.2 5 57—
T OW S EIHIET, IhsE2LELsE5 L 5 014
LTLIWV, ELMHAETEIIRELRL s DPESNIGEN
Hb. TOMBERZBIT L7202, L2 EHE
T 5720 OFHA L LT, Bach 12X - T Bolasso V&% &
MTw5 [1]. Bolasso & &, LASSO IZ X 2 iF#uER A5
AR RD B0, T ATy THE2 %
WP ANTFEBHBRIRFETH 5.

Bolasso 1%, #%ml® LASSO Ik > THEONLA Y
r—yX7 MVOESLS S DS § EKD D, Bolasso DFJE
% Algorithm 1 1Z/R9. 2 LHIZ, L7 A EFENLE
Wr—bty N2 ANT—% X & T 5TVt 05
MBREMRT L, L7 ART = A NIy FEIHEDE,
HEEAFLHERICL > TERENS.

PR L7z L 7)) 123§ A LASSO 12 & A siR % &
2. mFEHOLV TV ADBFEOATT—5 % X™, T
LINLVEEETS, ZOLE, mBHOL ) HTHDS
NBEA L Ir—FX7 MLs™%, X™E t™ H 5 LASSO
WX TREDL w™ 2oPd b, [ EOTHE 2 ER L7
TRTOL 7Y BIH LTI, §={3',...,8"} ko
5. TRTOL T AOFITIZBWT, NTFHAMICHEE L
I2E—DEZ WA, 5172 S 75, Bolasso THEE &
NnbsxRd5 .

8=(5,...,8p), (8)
s=1) s (9)

8 EEERIOH L Gl 2 RO 7R 2R LTRBY, §
NRTOL T HIBWTLTRINS N MIT1%2E 0,
1ETHRIREN 2o 72830 L2 5.

Bolasso Z @3 A8, L7UBEM %552 k&E %18
THETAHAILICLY, BEYICARERIFHEIN) R Z &
MCTEL., T, TRXTOL T AIZBVWGERE R
BLHFE, T2k LGRS EEETH D, RSB

70



BRNIBS ARG FEEEFIEESE Vol.12 No.3 68-77 (Dec. 2019)

Wl L2 TCH L S LA TE D,
3. AIT—%ICLDER

RECHEHET - 2B L THERLIZALT =212 L
T, LASSO B X UF Bolasso % i f L 72 bR GEER 2 17
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TORETH B, AFEETIERIETVESFE LT
% 72%, Bolasso 25 T4 ICHRAE T 5 22 ICB L TIZIRRES 5
WS AL, T TNLT—% % ER LT, Bolasso 2%i#
BRI L CHERET 2 D & iERR T 5.

3.1 AIF—Z20D4%ERK

ANLF—4%% X L LT, PRICOZEREDHZRICIZH
WTO2E 1 DHEMT—IRAE BB ET LT %
N =100 AR L7 :

xp = Uniform(0,1) (1 <p < P). (10)

ER LT =% X ATHIBT 2 70V ¢ P RICOF#
BRI EICBWT, RE Lz w It DHEERE b L ICE
L7z, REBETE, wi=1, wa=-1, &L, Fhlso
BHOERDO LD L) ICHMEREYHEL, TNVt
T y=o(Xw) »oPE L7,

CONLTF—%E 21, 24 DHRDTSNVIZET BIERE
GATWALEIZS, HEELIZWEDA V75— X7 Mg
WBUTOL) flleEEER 5 .

(1)

CONLT—ZIZHLEE & LTI LT o,
S &b L) ARy B L, BEORINER
1o 7.
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RIEBPH20DANTLT—% & ES5ICAEREYE 20
KIGEIN L 72K ICE P HY 40 D N7 — % T HEE %
f1o72. YBEOERTIE, Ly EAMLO®R S 2 9 2 2

1.0 1.04 Ve °
o :. %e o ]
] ] .
0.8 0.8 o0 . H
oo LJ
0.6 06 ° o 83 °0% -
s 4] e 0 ° e 0
o © [ ] ° ° o e
0.4 044 J T .
° o 8y L4
° ) ® 9
0.2 021 o o ° %
: oo
°® o, o 2%
0.0 0.0 f ® e °

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
x1 x2

2 ERLZZALT =2 0504, FERIE, %1 %E o L5 4%5E%
xy TE O 7HATIAT, ARAEE 2 WK wy EH 3 EHE as T

& o 7oK
Fig. 2 Distribution of generated synthetic data. The left fig-
ure shows scatter plot with 1 and x4. The right figure

shows scatter plot with x2 and x3.
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ANR=INT X =F1E, NOWEC =1/N W TRLBT 5
LT A, ThbE CP, REVIZEIERNLEHOR)FR D
§5< %0, ASWIT EIERMEHOR) R 25 < 7 5. LASSO
WM THICE LT, Cl3 10 5515 ZMEE T b 204 M
FFEEED/N I WEZ - L7z, Bolasso N T4 LASSO
DNAN=NFT X =% C L, MEOFETHREL. F1
ICHW2 C DL ZD L &0 EWFEEZRYT. $72
Bolasso Tl&, L7 A8 M % 1,000 & L CHEE 247 - 72,

RSN ORBELRE 3 EX 4 12RT. BIRS N
TR ORICE R, BIRSN G0 REMORICE HTE
LTw3%. LASSO # fiw7z#&, P=200 L 2 3HfEEL
TV ARERDRE L7 HMOAZBEIRT L LS TETW
L. LPL, P=40 Dk ETIIHE L7 BN L T
WBDS, HEEAERICIIRE AEHESEREATLEo Ty
L. NLF—2 12X 2EBRDPS, RELZBEHIGENTY
BYEID, TNV TF—F DL FITL o TEIICHEMIC
BWwTLEFH 2 E2ZSLNS. —J7 Bolasso &M L7
WAL, P2520, 40 DL L85I8V TY 51 & 54 D
AERINT B ENTETNVED,

5 |2 Bolasso I2 811 % £45# T L OBIUHE X R T .
M RTG, HEHhC 2 2N OREANEIR SN2 g+ &
LTwWa, RTRL TS EEIT Bolasso THIRS N A5
MTHY, FELFHFHMEFH LTS, P=40Dk &
DIZ LASSO TEIREN TV L, L7 HI2EoT

xR 1 C LIGERGEERE

Table 1 C and cross validation error.

P C B R
20 | 0.091 0.037
40 | 213.8 0.029

True set p=20

.} | |

1‘[} 15
LASSO p=20

B | |

10 15
Bolasso p=20

B | |

10 15
Feature index

3 ALF—%%MV7z P =200k XOME. EINS N0
PHRORENTVD
Fig. 3 The result of using synthetic data, when P = 20. Black

regions show selected features.

True set p=40

51) 1‘0 1‘5 2b 2‘5 3b 3‘5
LASSO p=40

NN T TN N N

5 10 15 20 25 30 35

Bolasso p=40

5 10 15 20 25 30 35
Feature index

4 ANLTF—=%ZHwiz P =40 D& S OFEH%R
Fig. 4 The result of using synthetic data, when P = 40.
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5 LASSO (2 & %33R, B85 & & Lt iR s he
HEA LT, FAORIE, ZhZh P=20& P=40 Dk
S OFEREIRT
Fig. 5 Selection by LASSO. The horizontal axis represents
feature numbers and the vertical axis represents the fre-
quency of selection. The left and right figures show the
results for P = 20 and P = 40, respectively.

LASSO Bolasso
'
5 5
10 10
x x
315 $15
£ £
v 20 020
5 5
® 25 w© 25
& &
30 30
35 35
-3 -2 1 0 1 2 3 3 -2 1 0 1 2 3
logC logC

6 NAN—IXT X—% C 2T 5 LASSO & Bolasso D #HUFF
BOMR, BT logC 2L, M3 EHEFTELT

Fig. 6 Results of LASSO and Bolasso selection features for hy-

perparameter C. The horizontal axis represents log C',

and the vertical axis represents feature index.

BEPRERDEH) LT 528, 38 L7 AU MESE ISR S
NTW5B728, Bolasso IZBWTIZIE L BRI THNT
Wa,

612, P=40D L&D C 1249 5 LASSO & Bolasso
PHEIRT B HEOZ L2 /R, LASSO TIE C DfEIZ L -
THEZ S NAMEEDVZALLTEBY, C ORDF I HEE
RICHESBELTWL I h b, SHIZ, COfEE R
ELL TV E LB Z TV D TIER S, fib
NTWIEEEIMEON L b L) RN R TE 7.
—77T Bolasso &, C OfinvkZ <, ERAMLIHDORhFE A5
WIBEGETHoThH, B LA RIRT 22 28
TETn5.

INSDRERIL, DRICHST HRHPFEET 2058,
Bolasso 12 & 2 FF IR LE L CEfET 5 2 L 2R L
TWh,

4. UEAMMKRRABICHT 5EER
FETRO T AMIREE S, WHTRLNDBES
Y — Y DRIZBI B IHERNOFR L COEEET) .

4.1 7=ty b

figEmGEO7— 4 £y M, KRk higfsns
T AMEEEZ GO X #CT 77— 2 w7z, fifts
N7z CT 7= % 121%, 16 [bit] ® CT EAFEERS N T 5 72
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o q
A m ok
i i
B

consolidation

ground-glass reticular

honeycomb
(CON) opacity (GGO) (HCM) (RET)

emphysema nodular normal
(EMP) (NoD) (NOR)

7 CEAMMESE EOERE Y -0l LR 4EPTEA
HERATRONIBEETH S
Fig. 7 Example of shading pattern including diffuse lung dis-

ease. The upper four types are the shadows seen in

diffuse lung disease.

£ 2 %27 JAD ROI WDKK

Table 2 Number of ROI images in each classes.

7J A FEE | 7TAMH
Consolidation (CON) 26 K 26 £
Ground-Glass Opacity (GGO) 50 X 46 1
Honeycomb (HCM) T2 73 X
Reticular (RET) 70 £ 66 L
Emphysema (EMP) 294 # 296
Nodular (NOD) 65 65
Normal (NOR) 359 1 355 HL

it 936 927 1

O, FEFSIFIZ & bR TREHAIR 247\ 8 [bit] © CT Mif%
ELTHo7z. CT Hi{EICIEH 55 LRI X @/
Y = D WHBIRESIT PN T WA 72D, RSN
72 FHISAT 32 x 32 [pixels] 12 80%DFEIATE TN D L 9 4
LVEISE % (Region of Interest: ROI) #E)0) L, 7°—
Z L L THW BNy — VI3 IEH (Normal; NOR) 7
fEgicimz, OFAMMERICB T B E L GREE
(Consolidation; CON), 31 4#J ZIKFER (Ground Glass
Opacity; GGO), BHEIREF (Honeycomb; HCM), #gik
# (Reticular; RET) O 4, Z DDA ET 5w E
wk LChli%ME (Emphysema; EMP), R0k (Nodular;
NOD) D 28MEDFI 7 7 I A%z, I TIZT7TAD
fag o8 SN2 RO —6l &2 RT. I H
2936 ¥, 7 A MHIZ 927 Mg & HEfF L 72, | 2 12
FEAETFAMNHT =S NIBIT L2 5 ADONRERT.
FERAT—5 2y b EBHT— 2 £y MEEMOTERD
b, BENWRLRDIVD BTty beoTwh,
INHLDOF—% %y b5, Sugata b DO FTFICED
& [6], MEEEETTY] (Co-Occurance Matrix; COM), 7 ~
L > 7 2474 (Run Lenght Matrix; RLM), &kt A k7

72



BRNIBS ARG FEEEFIEESE Vol.12 No.3 68-77 (Dec. 2019)

® 3 TUAFTvEHOMT L EEET

Table 3 Analysis and index of texture features.

BREE T 7 AT xRN (BEFR)
0-5 [ARE A2 T51] (COM)
6-10 5Ly 72475 (RLM)
11-17 ke 2 b7 4 (GLH)
18-24 #4rikEHE (GLD)
25-31 M7 —1) 27— A7+ b (Fr)
32-38 Ffi7—1) 287 —2~x7 kv (Ft)
CON GGO
5 10 15 20 25 30 35 5 10 15 20 25 30 35
RET HCM
5 10 15 20 25 30 35 5 10 15 20 25 30 35

NOD EMP

L | | | ]

- - - - - - - L e
5 10 15 20 25 30 35 5 10 15 20 25 30 35

NOR
5 10 15 20 25 30 35

8 Bolasso |2 & o TH: & L7z BIRVFEE D45
Fig. 8 Results of selected features by Bolasso.

7 2 (Gray Level Histogram; GLH), Z4-#%sl& (Gray-
Level Differential; GLD), 887 — 1 I/ — A7 b
(Fourier Power Spectrum of r; Fr), Jifii7—1) T/37 —
A2 )V (Fourier Power Spectrum of #; Ft), &\ 72
6 FEDT 7 AT v fRITIC & o TR 247wy, 39 Fid 7
JAF R ERN L. R 3IIEKET 7 AT v RN S
BONDEEHIICT 2 EFERTERT. HRHLAzT 27X
F R T LT, BB e LR E I LT 0,
TRl B L) AR EH L, ERRE T o 7.

4.2 Bolasso Z & 4588 IR

1T L ®1Z, Bolasso & W/ HFEURIRE 1T - 72, Mok
WY — BTV T AB LI, 7T ADSEE LTHE
75 AT LN BRI B DS % 4T 5 72, Bolasso %
WHTHICH, LTUIE M =1,000 & L7 T/,
LASSO DNAINX—=I85 X —% C 3K 7 I AT 121073
15 10° OFEFATHEE 21TV, 10 FEIEREREIC X 558
MG AEDTR D /NS b L) Ex&E L7z,

8 I2% 7 F A12B W T Bolasso IZ & o THEE I L7z
HMAEDHEZERT. CON, HCM, EMP, NOR, NOD ®
7T AZBWTC Bolasso W L72& 25, W DDk
WOBEINE N, ESNIHMETI 7 IAT LIRS
BEHMOBOTE2ELTRBY, TRENOBEEY RHT L4
WERBOHBT e TERLEEZONDL. —T, GGO &
RET ® 7 T A2 L Tt Bolasso |2 & » TERN S N724F
BMIZHFIEL TV hh oz, ZOERENTS, GGO & RET O
27 FABVTIEEAR GBI FE L T iWnwZ L5%
ZHNA., ZTHUIEATHIZE [10] THRESN TV B RERE —
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Z* 4 LASSO & Bolasso, Bolasso-S TER L 72585k
Table 4 Number of selected features by LASSO, Bolasso and

Bolasso-S.

CON GGO HCM RET EMP NOD NOR

LASSO 3 30 2 14 24 17

Bolasso 1 0 3 0 4 3 5

Bolasso-S 2 2 14 0 7 8 11
Bolasso

5 10 15 20 25 30 35

LASSO

I T NS I B NI

5 10 15 20 25 30 35

9 NOR 7 7 212 B1F % BIUFHEOFE R
Fig. 9 Results of selected features for NOR class.

HLTBY, CO27 7 A% TRIlE&BTAHILENTES
FFAHTAE L T2 & % Bolasso 75 bR T A 2 &8
T&7.

LASSO % L 72356 OE PG R & Bolasso 12 & 5 5#
PUER L7, ] 412427 7 AT L 12 LASSO & Bo-
lasso CHEAR L 72458 0% % 7R3, Bolasso 128 W T D
ERPATDN 5 DD 7 ATIE, LASSO THEINS N2
B E T, SOROLNEEMERINL CnE I LS
%, —7 T, GGO, RET @ 2 7 7 A4 Bolasso Tl
HMANERIRS TV 5 7275, LASSO TldiF#AT sk
ENTVE, THUEINAIS=3FT X =% CIZIFRFIT/NS v
H%Z AWV TWh 728, Bolasso O EERFLHE 2 fii 72 ¢ AT
W ehroizbZzoNb, 72, TOLEOC OEICH
L CRO 73R, $_TOANITH L THW Y
FAUNTH L LT L L) BRIETH 72720, GGO, RET
G AETHETAZENTELZVWEEZLND.

F 4 H® Bolasso-S [1] 1&, Bolasso D #EIRNFEHEZ 0.9 DL
L OBERE CTEIN S NS BRI L A O BRIERTH
4. Bolasso-S D& %, GGO 7 7 ATIIHHAT 2 OEIR &
NTBY, MIRICEL TWAEDD LN WEHIERE LT
W5, L2L, RET 7 5 ATlZ Bolasso-S TH#EIR SN 5
Rz <, BRICE LR EL TWaneER S
ns.

9 (X NOR 7 7 A28} 5 LASSO & Bolasso D
HEPERTH 5. LASSO THEIR S AL & LR AT 9
L, LASSO TER S 7z 17 HOFFE A5, Bolasso Tl
SHIZHHE CHRHEBAINET 22 L2 TEl. 20L&
IZHLIZ LASSO /[ L7234, e LTEoIC
RiELLNTLE->TWA. Bolasso Tld, 77 AF v
BOHFTH 77— 710 U CGRIRDTEE 2 R 2 R 2 L8
TETn5,

X 10 DX & O #PGER Z ML % £, LASSO T
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BIRS Nz &y
Fig. 10 Selection of NOR class by LASSO. The horizontal
axis represents feature element numbers and the ver-
tical axis represents frequency. In this figure, the red

parts represent the features selected by Bolasso.
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11 NA =T X =% C 2§ % NOR 7 7 A28 5 Bo-
lasso D FIUF OFER. il log O, MEHIERF T %R

T RAEERGERE T RN E T 5 C DEERT
Fig. 11 Results of Bolasso selection features of NOR class for
hyperparameter C'. The horizontal axis represents
log C', and the vertical axis represents feature index.
Red line shows value of C' which minimizes cross vali-

dation error.

BIRENTWD XD % E#IE Bolasso DB\IEIZB VT L I
BHBER SN TV HDOD, BEFINZZL T AICE->T
BN EN TV WS EPHERTE D, BWHHE TEIRS
LTV 2558 & Bolasso TiER S 72458 & OFHEY % 5R X
2L 28, W ODDOREHOHIZB W TEWHERERA H
5L RRERL:.

11 3INA X=X F A =% C DfEIZxTT 5 Bolasso D
BIUFHEZ R LTV 5. FRECR L7 B3 S E MR R S
N o72CThHhb. 10 2256, zi7 & 2z lTEBHS
DI ICE VI CEIR SN DM TH 5, C Ofli%
WEEDZI LT, YI)EbD X2 Bolasso DEIRAZAL
LTWB I EDRGRDE. D2 ODEBIIMEREA —0.9
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Fig. 12 In NOR class, Selected features of Bolasso on M.
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Fig. 13 Boxplot of number of selected features with Bolasso

on M.

DTFCThrEOHMMRTS Y, C OEICELETHEL
B2 EIRENTWE EEZSNS,

X 12 1 NOR 7 T A2BWT, L7 % M %21k
&4 T Bolasso M L7z & &O@INL 28 E R L Tw
L. MBS10R50DEH /NS nEE, M ExTHIckE
CL72E EITEIRS N VISR S N T 5 2 &A%
ATEL. 13 1FL 7Y BB M I L TRIRE iz iy
MHOHOTITH L. M H10, 50, 100, 500, 1,000 D
WAAICE LT, #NFN Bolasso & 10 mEAT L, BRI
M OB AR L. M 13 hoMIIUS I EEL, 46
FORMBMITPIEEZELTVDE. MAVNSWEE, &)
) DM OBIIEEDENH L DA, T, M
ERELLTWZET, BRSNDLEEHPELIID %L
%m0, D) LBHMOBOIESDELNELLLEoTWD.
UL, MAVNEWE B ICIZEIR SN D E#DH WL
TOHIBRLARFELTLE ) 720, #HRIESDENEL
TLEoTnREEZLNL., 20720, ThHhkBoL 7
VAeHwsbZeT, Xh&El GERSNWL Bz e
THEIENTES., $72, KERTIEIM =1,000 &£ LT
Bolasso Z3#JH L7272, X 12 ® M = 5,000 O#EF & —3%
LCTWa ZEns, 8 L EZRNT 52701050 %
LTI THolzbEZOND.
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4.3 TRAXMF—ZICLBEH

Bolasso TR S N7-45 % FH W 7ziklgs D7 A b7 —
WX BEEiZ T o 72, ¥R ETH 2 T AL Bolasso 12
B THBOEIRDTHb NI/ CON, HCM, EMP, NOR,
NOD D5 77 AL L7z, WiEHEELT, 77 AF v
4 39 Fi & F)H L 72354 & LASSO TR S n 7z %
FIH L7 GEEE 7.
REREITITATLOEHMBERICLIDT AN T =4O
AR T%Z) FANF=F L AFME4T o727 _T
D7 T AZBWT, Bolasso THRITIL/ZAFEIC X o TRE
$1%MT®&%%#% KT&7. TAMT—%I12% 5
PEREFHB OB H b, 727 AF Y M 5K T ADR
FRUICBWTHMRIFMIBRIRS N L EZ 515, CON,
HCM, NOD, NOR ® 4 7 5 A ClZ, Bolasso Z#H L7-
AT T O R LASSO TR/ H S % 723
AL BBEEEL, AEREMAMY BRI LIZES
IULHEREDO M EA MR CE A, —JFCTEMP 7 9 ATlE
Bolasso D3 2 & - T LASSO 7% K5 & ik L il
BRI 6REBALLTBY, M7 7 A ~GEIERE
DFENPREPo 7z,

X 14 (L EMP 7 7 A D ERFEHOFEROILKTH 5.
EMP 7 7 X TlZ LASSO 12 & 2 5 #RIROFE R b 7
AN T =& OFERDE <, LASSO THEEIR S 7245 8Ah %)

®5 TAMT—FITL BRI
Table 5 Evaluation of performance by test data.
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BUWLEREFHTH D L EZ2 51D, Bolasso Tld LASSO
THIRS N O —EHAEIR S TE Y, Bolasso 12 & 5
TiROGHFICHEG LTV HisE I Tnwb b nwz b, £
D728, LASSO 7554 L, Bolasso 2334 L 72 22 o 7245
OHIZ, BRIIMERICEE IS L) RFHDPGFEL TS

EEZLND.

4.4 BIRE N 74358 L BB OER

R 6 |2, Bolasso 12X o TRIIN M2 /R . AR5
T, OF AMBIEERDREE THSH CON, HCM D2 7 J
I LT, BEOMBRICET 2E8 21707z,
CONZFATIEGIM DY hT A MBS N TW
., GLM O3y b T A MIBERIRIESEDREER-> T
WLDODERLTWA, ZOKM»S, CON 7 J 213
DR A TR LRI B W TR W SIS A 12 7
<, WHABWHEEDIED > TWARIETH L EMIRT L&
HNTESL. CON 7 I AE CT I2BWTH—%EE k0
THARONE &) REEERLTBY [12], ¥—%E8%
DIRT 2BV ERENDRY DR LTWE EEZLEND.
HCM 7 7 A2 BT 2 FEEREIRTIE, RLM @ Gray Level
Nonuniformity, GLM D EREE, Fr OFEHNER S 7z,
HCM 7 5 ZA DI, %@%ﬁﬁﬁﬁ@ﬁ”’;of%
BL, BOHED L) &SR L L CERT A &#
%éﬂﬂ FEBORIUC L o GEIENZ Fr O MmIE1C
ENDEWRBOMFHETH Y, HCM77ZT$Lé%ﬁ
DIEERZELZTWEEEZLNS, T2, FFHEOMEL

CON HCM EMP NOD NOR ZNLHNOFIRTHERZoE D & LT Y, B
A 0004  0.016  0.044  0.088  0.102 i DEAEIRT GLM O skewness 275458 & L TRIRE N
LASSO  0.003  0.016 0.033  0.082  0.093 TwbE#z 515, RLM ® Gray Level Nonuniformity
Bolasso 0.002 0.009 0.092 0.070 0.081 Ci, 5k ﬂ?li‘ﬂé [F] — O RSl AT N B B E
% 3%/RLTwA. RLM @ Gray Level Nonuniformity (2
"N BN B BE— £ 5T, HOM 2 5 ADFEOUAE DIEDD LAt > T b
° 10 1 o ® 0 % LR, BEWHHEDIL A > TWA e THL I L r
BLTw5
LASSO
Il T N =W & A 5. F&O
5 10 15 20 25 30 35
14 EMP 7 5 A28\ 2B O& £ AHFFETIE, T AMEMIBEICB T BRI 2
Fig. 14 Results of selected features for EMP class.
%+ 6 Bolasso THIRS N HFHDO—
Table 6 List of selected features by Bolasso.
77 A
77 AT v | CON HCM NOD EMP NOR
COM - - Inverse Difference Moment energy energy, entropy
RLM - Gray Level Nonuniformity - Gray Level Nonuniformity Gray Level Nonuniformity
GLH contrast skewness kurtosis mean, energy entropy
GLD - - - - energy
Fr - mean kurtosis - -
Ft - - - - -
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WX > TERIRENZEBMIET A N F— ¥ O T 40 7%
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