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Abstract

Interstitial lung disease (ILD) involves several abnormal imaging patterns observed in computed
tomography (CT) images. The accurate classification of these models plays an important role in it.
Clinical testing can effectively diagnose the nature of the disease. Therefore, it is very important to
develop an automated lung computer-aided detection system. Traditionally, this task relies on
experts manually identifying regions of interest (ROI) as a prerequisite for diagnosing underlying
disease. This protocol is time consuming and does not allow for fully automated evaluation. In this
paper, a new method for classifying ILD imaging modes on CT images is proposed. The main dif-
ference is that the proposed algorithm uses the entire image as a whole input. By circumventing
the prerequisites for manually entering ROI, our problem setting is more significantly. It is more
difficult than previous work, but it can better solve the clinical workflow. The qualitative and
quantitative results using the published ILD database demonstrate the latest classification accu-
racy under the patch-based classification and show the potential to predict the ILD type using the
overall image.
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1. 5=

() i P 55 (ILD) 5| e it 2 2R B BE AT IR T 1, e 2 x5 B IRR I RE 77, FRAE 2 08 I kN
MK = FrEe vt HALWTZ 5 (HRCT) A2 AR IR 4 P ISUR BSUR T o nT A IE /i B ARE X DR
SERIM)ILD (Webb Z5 N, 2014), FEfilE @& My bRl X il 20 20T AL B (CAD)Y 732K R 4
& SEHLHE R ILD $EAs A BT AI(Bager 26 N, 2012) [1]. HalAE, S gt = i S A g 47 & (LA
SR8 5 AT DA B BUR BHE IR A 2 Wtk sk, IR AL AF e Bl & . ST IFRIMEIk CAD &4t
(K B AH SR SOk, H L P oK 22 ) B TR B A B A B — 85, IR B 4G T (Bagei 5N, 2012). Xf
TRV ILD 23038, B el st SRk A 7 HA 0 2RI T A0 T 1 BB R R i S5 LD R 25 R
(Depeursinge, Van de Ville % A\ 2012; Song 25 A 2013, 2015; Li %A 2014) [2]. FE T EUEAN T 71547
FEPRAEEER A 1) HF RGBT RN SR B (Song et al. 2013, 2015)AHXFE/N31 x 31 {5 5K), Hr
A BETCYE 5 A R L S A0 15 A A3 () 3 . AT RN ERRCDUI B8 2 e E R T4 T
FORPYE BN 2) EEBENE, SOCEENE R TFME HER3]. Bk, 7EiX B X 5,
(ROD) 5 MG HEAT RFE o JET BUGAN T R 5L T F3) ROLFIN, BB G iRk, (BRI 2GR
SKREUD o XML EE R AR T RS 2 2 R AL BRI AT i A AR AN AT AT . FEASCH, FRATTHH T
— OB 2RI R R X — IR AT TR CT U1 R 25 fbsid ILD 4548, JF H AT LA T
1% K BB F R (4]0 34, R DA R TSGR BRI VR 9 S RS R h I I SR s 8 . Xk 2
T IE K RS 0 R 2 P D 2 2 RS 43 W T L ) S R A Rl 49 » FRATTH) CONIN 7 v s o — A Ak AR
JllT55 (Russakovsky %5 N, 2015), AN A& —Fhgg M B 4 > 0] /R[5 ]. B AOIR 15 MG AR 22 BUASH 2 1)
FH H AT DA A R o 55— T, FRAT 1 A A R 0 e A L O IS, T AN 7 230 ROIL
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IRl b 2 B[ ¥ B (Song et al. 2013, 2015; Lief al. 2014)5 HPklitt. 18 9 3826l BG4 T (WIER
(1) ROI FR4&HY), 7E2%[A] FARLF 0 553U E AT TR 4a%f R CT ARbr AL . M, EFRAIRRES, RATE
VIR B UG FR 2 siAr 2, I HA TR EREHIN ILD XIS EE[6]. 1055 W B 2 > 75 S nl AR I Hiu3d B KRR
BLEVGEAE PE . X A T EE S RSB P A5 UE B 7 ZE AR A 26 T UGN T I VE N RIERGHT 45 5, JF HAEX
s i) B AT BRAERVE R BT s A A B A5 R (7).

CNN TSI T 25 FhEUG 7 K0, IR 28, RrillRl 73 B8k (51 1 MNIST, ImageNet %%)
TS T et R Bl (Krizhevsky 25 A 2012; Razavian %5 N 2014). ST [ 45 73 28 07 1k A0 46 9 N
TESREURI 73 2D IR SR, CNN i 51 N BHREAE 2 & [ I 27 =) ity B iy R AE SR HORN 4 25 [8]. CNN
FKTEEFZEUE TN AR, F1U0F 225 224550 (Ciresan % A 2013), #RELE5 Rl (Roth % A\ 2014)
A & 80 40 F (Prasoon 25 N 2013). ZEZ FI ) ILD 025 TAEH, Depeursinge, Van de Ville %5 A\ [9]1#
HF THIER RS EGR#ER 70 LBP, HOG)Hi#k G AN TH4M . FRA18E H PIAEZE il 2 Fiom. @it e
Hounsfield H07 H06 545 CT BRI B R I ZR At o (1) 2-D BN, 3k 5T il 5 B = AN 220k
BR, A, AEAAEREEAAHE: —NRETERERMNESR, —MRETEAFREERINEE,
—ANRAETIES Mgk A3 = AN 32080 B AT BT 7S Bl ILD 9993 28 31 rh 32 44 5 407 1wl DL A sl o 2
BS[10] ff X =ANVE R A — R Z N T &M FRATA ImageNet (Krizhevsky %56 A 2012)c4 4w 1] CNN 42
1, Z BRI B AR ) RGB fH . 55, X T8N 2-D Yl IR EE BN T 10 MFEA(“ 4L
PR ), FET VAR ENG TR 224 < 224 BER[11]. MBIRAR BUE 2 ISR 30 LAk i FE L&
XL N KRR 240 B CNN ZEATER N A 260 AN ER AL iR R .

2. CNN %243

AT CNN BIZER9 2R T Krizhevsky 55 AN$2 H BB AL N 452012 ). BAFEZH CNN AEA Z
BEIIHE 70, MR CNN FEISE LR & 5ot H 5 T B2l . AT EZANE: i B 25
BUZ, JETH R =5 ERRI(FC)EMEA N softmax 43252, FERANTIN AT, BM 1000 Nk
N6 AN MITFEHALSEAL X T LA, B KA A Bh R S I TN Sk, AR5 /N R A B AT o 4
R, i m CNN B BRI RSB CA I 2R A BRI, Girshick 8N, 2014). fERATHISEL
A8 F TR A5 2R I 1 R0 ST B LA FH BB LT 4 AR PRAR 22 [ 12]0 (8 = CT ZEIGE L IE B =AM
HIE ) CNN 20y, )5 — A FC 2% IR S B softmax, PAFE NS RFRZE (A AL D) Ered o
Ao BAVEL BENUEAE T BETFLE ISR, 22 RNV ZRRTE R 1+ 4> 2 —(Krizhevsky A, 2012), #]
B softmax JZ. VAHE S 1% 2] 8 R VEIE U HOR B .

3. CT R EFTEM
AT AR R CT BG ) 5s ILD B, FATER: T = A ldu B, 5 e E R 468080, 255]
PAHEAT CNN #i .

AT IES HU low A1 HU high 2Z [ SE0AE , DAL LASR Y I 3129 B Y B4R DA R A R 4L
AR, N Z AR HOR BT B OR . BT S, TERVEEG, TR A A BRI, Fl
it s I i LA R A 8 X3 ) I AN e SR Ok L PH] AR AU AT S v iR R (AR 2, 9] ] 5 AN
T[13]. HelE N CNN I BRI Zhid FEL G 1) o L HLAA R T il PR AR 2R 1) LA 22
RN TTBOR B K I K G o BATTd 1 BE LR s AT A o BR 10 SR CT DA I 7 - [14]
S A T B GR A T, (207 SR UG AL RESR R 2 5% 70 KGR . AEDIART, 387 7 10
NP EHE IR LA B ZRE) CNN B AL CT ). e 10 $HaIEIHER ER CNN A
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softmax MER LR E W, TR, BRILE)RFEREEH TN,
4. SLIGFNIL

{EHGL RAT T — A AFFH) ILD $di 2 (Depeursinge, Vargas 25 N, 2012), AN 85 b fii o0 S35 1
BGRREIRT 72 . ZER S 120 4~ HRCT £43f, SRy BE 512 x 512 8%, Hd 17 #
FA Pl ZRLE AR X 3k (BP ROL) By RE . K2 E0INA 1953 257772 (Song et al. 2013, 2015; Liet al. 2014)
X ILD BT TV, %M ROIHIRIU T P2 BAN T, SREICHAN T N F A 228510 1
HONM), FSHEM), BIES(GG), F4ELFEB)AF/NETT(MN) [15]. X, {FRN—MdEHE
ILD KA G I CO)WBIEERATI T b A X NP E 2 ILD (R, e efxT
Bff e HILD 2R A 8K TLD %8 56 F B8 - 2 80000 3 A5 120 /BB b 4 s 2R AL TLD 507 1) 2084 4~ RO
FT A B A B KT B BERL 2> B AN IE 2L T 25(100 42 S AT (20 42 ) I 2/ R B a1 By
T, RISk E R BEKRFE DA A2 HEENRAIER . SBaE SR g Big, st
7 1689 ANEMGH T IR AR . 1573 = LRI T AE(Song et al. 2013, 2015; Li et al. 2014) i 54 U5
R RITERE, AN EUEU) A 8B AT I BE VP4, X s br b 58 BLIGPRAH [ 16]. A T 5 LA
) CAEREAT AL, FRATEPR A A R R IREE T AT 9550 . — P2 TAN TI4r 28, 52 iideii i L
{E5e 4 M [Fl(Song et al. 2013, 2015). S5CAT#MN T 77741 86.1% (Song 25N, 2013)HERMEFILL, ki
JEILF] 87.9%. WK 1 Fix, ERZESHTHSEI [ I F 708 A ROL XIEHEH 31 x 31 MhT, R/5
WK /INR 224 x 224, DIGER CNN 224, 73— AN SRIG R 7R EUER 7 R B . BEARHETR 2N 68.6%.
TEER, BATWAED) AR 4 RS Song A AT ELME . (2013 4F, 2015 4F), 258 N, (2014),
AAE EUG AN T G50 (— Fl i BSR4 HA BRERHE I P BO RS 70 2R 45 S BoR T AR R 1 70 2R 45 R IRV
FiPE. ffHRAETFREBMZEHETRENERS . WAMESERT AR, =4 CT FEuE T
B — N1 T o iR B Bk i s, X BRI 0 a2 bime . BT IREH RSS2,
M DLy B fe R PG RN B /BB R 58 o TR B P 2 R S AE AL X DL B S CT U1 A AR R HE ok
(Bagei %8N\, 2012). WJRETREE 3D & XY BURHFE . ZH% 5 RS ILD 285711 10 A>T EIE CNN
3oy ik P BRI UF (~2%), JBH CT VI e 215 5K R G s B R 2R [17]. R 3 &
I8 T EET AT B IR IE SR RS . FRATHIAR TS Bl MatConvNet #2F 4L (Vedaldi & Lenc 2015)7E Matlab
SZHL CNN 28, 76 B 3.10 GHz BUALFRES CPU F1 32 GB WK PC _EiZ4T. %k CNN HEEIEAE KL
20~24 /NEF(E 4), [FRIEF5325 a Bt e J 535 LR g

5. &hig

FEASCH, BB 1 ) 6 SR R s 20 SRR AN 9 o AT AR AR PR (B CT D)1 i
N35SI G R SR BA A . e T — DS PR AL S I R I AT 20 S
ZERAEW] T ZTTIER AT AR S o VEARSRINTAR, A ILANTT A7 ZAR . IR AR N4 22 ST
PIGARFE AT ASE R #E (] — CT BB YA B — 29061 (~5%)H Z M RPibsE . £V R ZOoE 2/ hesk
BEATREIR A A HRA o 1 A DX 2% v 2 B PR RFAGE 1) Wi R o SCRN B B 2 — DN JRATTEHRIBE SR A 7 17
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