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Abstract The classification of medical images is a research hotspot in the field of computer-aided diagnosis and
pattern recognition. Accurately categorizing human anatomical structure and lesion areas can maximally assist
doctors in diagnosing diseases more accurately and quickly. Herein, for the particularity of medical images, typical
medical image classification is first summarized and then described according to four aspects: image preprocessing,
image segmentation, feature extraction, and classification. Next, the application of deep learning theory to medical
image classification is introduced and discussed. Finally, the shortage of the existing medical image classification
methods is addressed, and the development trend of the latest theories of deep learning in the field of medical image
classification is discussed.

Key words medical images; classification; anatomical structure; lesion area; deep learning

OCIS codes 000.1430; 100.2960; 150.0155; 340.7440

PRAEOR A R, 2 B A A R S AT L ar

L sl & H AP S P2 {9 0 ) 7 4 R - D

Bl & T AL R FIE B AL AR 1 & i, B2 25
1% £ 3 AT B R TR, 7 Il DR RS T £ B Ak
RN, FEEFEGRR Z RS, DL X O
AR HEALEZE 3 (CTO B % RE LR (MR) 1
B (UD BRI B 2% BG4 g B, B
5 BRI 3 2 b 38 % anAer 45 21058 A 12 Wi A s 24k Ak

i o3 B o AR b A 1 i 0 285 4 LA B A IX
S ASCRES TR AT AT 55 B AR 1] B A
45 1 MR oy M AT 55 75 B2 2 R AL 31 b 5 F 58 3R
IFEE X B OIS0 5 AN I R B T ROk B R
M3 FEBR . AR SO R 22 3 DL A R E AR 0 A
[F] 6 7 fi i 70 2 2 PSR I S %

Wim HE: 2018-06-12; 1E[E HHA: 2018-06-26; KA BHI. 2018-07-12
HETH.: BX AR %54 (61771266,61179019) 33k i B 18135 B (2015C2006-14)

* E-mail: Ixiaoqi@imut.edu.cn

120007-1



55, 120007(2018)

ANSHBIZFHRE

www.opticsjournal.net

2 BB FR o BRIk

12 5 1= 2 AR A B8R B0y Sy A AL 38 (R4
A3 E) R AR AR I RE IR 2B R L U 2 A 2 A RO I 4R
AT, AR A LA, B TR 2 ) B i B,
R R 22 T BE 9 A A o TR 2 ) B T R 2= R
AL BE i B B 22 I 45 (CNIND S22 3R JiE 22 3]
Fo AT AR 19 0 45 25 4, R HT CNIN X B2 27 8
HEAT 4328, Wl /b 7 R AR B ORI RRAE E £ 09 3877, T
TN UG AE Sy I 4% B i A 5 3k O 1 N 3 5 9 R AIE
AN HA AR T 200 73 20 B R s R W B 2E 12
W7 1 1 S SR
2.1 EGmmaE

T T B BE UK B T BRSEAT 3 2, B AT
B MG AT T AL B, O 3 H YT B AR
To AR B KA K3 s A T QBT B, Je K PR 2 b
faT AL B L 48 v G S AL B v SRR AL R
A3 45 G 25 W 0 R 1 o

BT AR E AR B AN ] 77 A B RS AR R, X o

LM RS AR X G2k IR B AR, LS
Jkde X G4k i 7G0Tk v e B B0 St R .
W5 51803 AU RN P )4 80710 XS 4k
BH AR (CR) M 7% % (DR) % X BB F ik
B T AR B R [ R 2, e R
A/D FE4 K B e S5 CT J& l Pk B L
X G4 A6 A AH 25 G 1 7 W, CT (8 1 Bl AL D% 2 /2
CT EIHRME P IE i 52 5T, A8 iR B rh 23 82 CT
RUR I, 5 5 S BOR 2RI LM & 41 . MR
TG ) W P A T B PR R B AL M A, AR
A 118 I R) R e s e T e BEL R 15 40 B R BEL P R T 1Y
IS Bl T AL R 7 A 1 D PR 2 B 2 g A BT
RUNE 5 E feig A0 PR 18 0 PP T o 23 76 W R 3R T 7 A Tk
JO7 FEL S o DR 1 5555 L O %) 5 B L P A B ML 7,
UL G B v, By 188 75 3 i A0 BT 34 ™= A2 1
Mg s 2J AR 2 A OB M 7 L B 5 AR A 4 R T ) R RS
PREA GBI KR, %M A AE BUG L BE S
T340 L PR T R A A [i) M s 288 AR ke 2 A
(M, IR 1 o 4 R B R A

Bl A2 R . () XHFLE; (b CT Bl (o) MR B (D ER
Fig. 1 Images of typical medical. (a) X-ray image; (b) CT image; (c¢) MR image; (d) Ul

Lu S5 X X2 R A 4 il 72 bl pE 2
FUMRER M P S2 e A [T, 42 01 T — b =B BE R MR
U5 SLUR A5 SRR W% 5 1k RE AT RO 25 BR A (] e 7S
BT R, A R R A2 BH . Shang %7
P —Fh = e AR i CT & Moy ik, Rl = 4k Bk
VT E J7 vk Ak BRI 5, R4 T IR YRR i CT |
B, B B 1 320 e B R A fF MR L
(PSNR) . Ali 55 42 H it /9 (B 08 B MR R
KMETTE . 1 o R RIRUER M R R i) MR
PG s %5 T [R) i g 4% 25 Bk MR 818 b A7 7E 1Y
A o 8 7 5 i R P e £ MR L oF ok 9 i 19 2k i 2t
17 BB, 25 2R R W b (E 08 % v B A B 4 A P E
Zhang S5 5545 87 PEGBCRE M P R SR R 58 B AR
B GETHRRPE AR T oat B [RHR R 07 1% L a2
R %0736 1 B ILVEA 15 5 R 2% W R e R T
BTG Rk,

PR 28 25 e ol o 32 3 AL RV R 5 5, 25 i
PO LU 32 B AT R 40 1 O ) B 52 . 6 R 5 mT LA
0 R SR T B A Y L B e R A I A R AT A
SNA M E A5 2 DAE XS R BEAT F A AL 3, [l [l
SOV XM P PG M N D A A 1 B R A
NS R %7 SR 0N I 1 R AT 2 R Ak
B SR Ji5 % v AR 4 ek SR P A 2 M 1 5 5 L AR A 3
It R R B A M ASE 1 5 O 1k B s R DN I R A A
HA GRS A R . SEIR A SRR % 0y ] L
E 23 B M 7 A () B O R G A R . B s
EEXF CT BI% 3 3 T Laplacian 4 57 38 F1 /) i A28
Wl B R FEvE . B S X IR MR AT /N I AR 4 3 1% 5
FEXT RS 4T Laplacian 4738 5 i, #5458 CT &
Bony s WAE B B JE R T N B R e Y A5 R R
Laplacian 4 73 43 i 10 25 R 04T H A , fe 2445 B3
SRS IR, IR A5 SRR L % 05 vk 0 1 SR RUR B

120007-2



55, 120007(2018)

ANSHBIFHRE

www.opticsjournal.net

A TR FH AL G0 AR 3 i 55 1 45 B 0 45 51, W)k
FA AT 7 . Anand 2502 R B AE /N 8 p R
UGV T X MR BG4 B s Fn L. T2
P P R s — b S A O
ZE LA T R R R, R T
PRI 07T B0 TR, I A A R
F 410 1 4
22 BEBHE

R T B A3 S ORG B BE AR R R R AT Ak
BRI, 75 2k H bR K 1T 43 %] . Sun FUY 4R
B I AT A B2 2 AR A 0 7 ik s I A K S S
Rl AL (SVVD RS G L 52 50 25 BUE Wiz B 1 5 1%
G5 43 E SR Ll B R R, R A R A L A
M. Saad SR H — b 3K T B AR 1 R A 5
E 7k e o B R A% O B o i T XL AR
Ja THRRRA I T B, 4% A 5RO SO0 1)
RAGFE AN K 0 X 1E H R AR X3 A A A
FERE I AT 7. BEE B R 0 R KR A
Bl 3 87 BB WG 2 O 43 E vk VB T R R A
TR 380 7 3 B N T A ) 45 4381 7 15 % . Chirist
LELST R FHAOR 34 (8 (FCMD J7 ¥ % il 21 27 33 47 43
F L HBUS T AREE 4> # AR . Dong 2517 4 H —Fh
LT BENLIWEE 0920 B 5 vk % ik R DRI AR
B, SRR B B or #5558 0 TSR AR T
TR EIRE B T AR K A B . 40 i AT Bt
H S (SOM) M 28 7 431 BRI Bl i 2829
B 10 43 B0 PE RE R B 04 ) B4R S — ok ak Y
SOM M2 7 i X Fpor i &M A TR A
FR bk i B (FIR) &R 45, i i FIR-SOM 43 % J&5 . R
AEIREN T EEESHEG RN L, 5 FIR
ETALEE T SOM B3 XF T A [R) 26 7Y 1) B2 24
18 BB DX IR 4381 T vk i B e T S I, B IR B 1Y

538075 V5 BE 8 il B LR 43 2 5 i b B
2.3 HFEREX

TEAG G 3 AL AR R L B O %, T
LAY R AE K BOEL G JUATT AR AR R B R AR K
SURRAEY =28 LA R AIF A 5 A0 K R L S R
R R SR A B R LA R B (E A o 2
J5 25 = (VW) By B X3RO0 LY BE 4 5 SO AR AR AL 46
J7 I B J 7 K R 3k A 06 M (GLCML, 4 48) 5§, LU
Tk R FRAE AT R

K HAR XK 5y e, &
RN /N W

M, — max(c,k)

(D

min(c k)’
K e Ak 35k B bR DI N HE L 14 98
BB B R T DLR R RR 5 R A AR LR
WA AR RGO BRE, R EEERN 1. #
SR A e RORU R L SR8 BB 5 [ R R OB R
FERE W BN, HatE Al
M, :4Tt>l< S
PZ
Aorf POl XBRAR B SR . S Sy DX s 1 1 AR
IRBESE S hn 1 25 . W RGO B 25 57 . IR
(B R0 o 22 1550 203 3l oy
G,,,:%Z:Ef'(x,y), (3)

D LERyER

G[I:Jzz[fu,y)—(;m]?, (4)

r€R y€ER

K () WEB T HERBRIR. f (2 H(a,
YRR FBKEE R BARIX .

R JEE I A R R - ok P B rp A AR R B AL G AR Y
R BB A3 A i DL et Ll LU AR —Ff B
HTE ., B Q NIXER B AR E AL B KRR
RXTAYER G WIIL AR P oAl DU SO

, (2

ﬁF{[(Ilvyl)’(Iz’yz)] €Q ‘ f(Ilvyl):l.&f(Izﬁyz):]‘}

P(id)::

ZQ , (5

A TRERA LM C R KB 5 0 #j
AR B9 K8 T BE AR R BRI A EC
24 HEFE

1 Gt 119 B 2 P8 00 8 T7 i R A B30k M o 9 AN
), KRBT LLArE 4 26D Gt 2 B4 2
2) ZEMRE R 2 PR 2 265 3) BRI 2 B2 22 R R
33 FETON T2 I 2% (1 5 2 BR 24 AR o 25
EENLL L 4 AT7 o A 52 14 BE 2 PR oy 21 05 15

AT BT

D Gt i 2 E 5 o 2

Gt R E B KRR R D 2 H B H N RKT7
TR B Tz W e 3B AL AR DL S
GRS R A SVM R R TAE,

Arias VSR TR R AL 0 40T IR 2% 03 2
XF A By R o B ROBE S AT 2R, KUMER RO
69.21 0% o AHLJ2 DL JHfr 19 255 14 A A 223 T 110 g S0 AR 23

120007-3



55, 120007(2018)

ANSHBIFHRE

www.opticsjournal.net

I8 5 A MR 3 R B3 % o SR 3 o D AR A5 1 e A PR
G S I S0 =t R DO B S el
ST R 8 52 S5 DS T) A B St I 2 Pl 45 1 %o
HEAT T 4638 SR I B B 2 R 53 2 40 i = A B B - 5
— B B B HE B T K R TR A 8 M 11 55 X AR D E B
B FERORURLRE b HEAT 43 28 58 B BedR T i
ik 11 it X B Mk S R 2 5 — B B o 1 55 X
PR X5 — B BEI 20 28 45 SR 78 53 1) R AT
TR B Y 432 B N T A X A 5 AR B
B, $ B AR DX 1 R AE AR FH AR AOE X6 5 A8 DX SRtk A7
I3 R B B E A8 W sk R . SVM i
Vapnik % F 1995 4575 48 Y R dJ S7 7R S it
2 ) PR RN K AU S5/ i B b 1 Y % B T
INFEAS AR LR DL R e R B O T a8 A R
JEE BE 2E AR Ab B )y T BCAS T OE R W R )
Abdullah %2 F H SVM 430 28 28 45 i MR &% 4>
Sk IEH RN S BURS T AR B i 25 R . T i R
TR LR X O B 2 E R AT IR X M LA 1 i
Ab B PR 20 5K D R L R PR A5 v 1 i e DX
Xt B BRI DXl fi Y AR S A R 4R BURRAE L R R R
FH SVM X B B R AE HE 47 23 28 5 ml B B2 6 A AN
) e e 35 1) FLAR X O B= 24 R S I 2L AR 98 CRD
IE#) 28, Khachane %% X} il MR B 5 F g 15
MR FEURIEAT 5035, JE K B 3 A 40 5 1) SO RRAE
FTES TN I A2 e (DWT) 5 B #Ar 7% 22 4 (DCTH 1Y
AR AE LA AN A 4L I 2R SVM 43 28 8 %o B4 ik
v, SCm e R, BT R 5 HA B PR R

2) ZEFRE B 2 B Ay 2

SEFR B 2 R 43 25 05 1 Ak B ) R S5 4 1
SR R R R R A 0 B TSR,
FEBE 2B 2 W O BRI 2. BR
FSEAE B SR ) 3 43 AT 1O FL LS AL A
B3 HT 1% SR AR T 1IE 32 Hermite 1% PR EUR
P A 3 T IR BT Y SR A 2 N 45 A
o 4% 114 A L B0 Sy S 530 4 L S 6 45 SR 3R B TR R A
RAEF W,

3) BRI B 2 B A 2

Zadeh # B2 A6 1965 4F 15 W 2 T OB 4k
(Fuzzy Sets) [ HE &, S ORI B A B 2 M 1) 1)
W ER A T HOR S ah . A8 F R O £ 5 — sk
e ge WL =R Jr L AH S A, 4 FCM L, BOR SC4F ]
AL (FSVM) FAR R #it 28 W 28 J5 2%, L 3X 26 J7 15 #0
T 1z I T B 2 RS0 450 . H 2, R
DU R 2 60 450 B9 v 5 B A SR D R B

MEAR AT, T BOHL R A2 B BRI

AR T A B T — i B s A Y e SR A
X S HE AR HL(GA-DTTSVM) £ 2843 K541 it e
1 58 S HF Il i AL 2 28 4y 2B (Multi-TWSVMD)
PR RSO P ) B, GA-DTTSVM FH 5t 4% 5 1 %)
SEAE B T P SRR L A R A R SRR T L A A
AR AR ASER DX 38R . 2 o AR IX S RE AR B AR R A Bk
SR BRI 5 B SVM IR 4 25 8% e Jm I
RJG B oy AR X HARBEAT 3 EFNTI . SLUe 25 R R
B, 5 YR X S R 1 EHL(DTTSVM) £ 2K 4 K58
2L K& Multi-TWSVM M e, GA-DTTSVM £ 2%
a3 IR B B 1 43 ORGP A I
AR AR BT X BE 2 R G R R L B B R H
R AR T 38 B A o FH T B 2 G s RO R g
REAE )L, 42 1 T — ol 2 T AT 800G 2R A0 BRI ML R 4 A58
U FE AR 45 R A 2 R B i, O L T AL
R X JeEG . SCEn s R R E A 5 L
T5 I Re A SGEBRRAAE 43 20 BEAR 2 T KTt .

4) T T 2 ) 24 A o I 2 TR 4% 4 2

N T4 26 ) 4% CANND & — FioisE 05 A9 K i 4o
25 fish 45 W B FL3E B ifi 57 0 — A BSR4 B
R, E H AR 2 (0 A 26 00 B2 10, LA KRB 547 b
oy UM BRI X R A A A8V [ 2 ) S5
O S R TR R R NI NS B U EZY TR N
A A3 D B TR R 2 I 2% | it TR e 8 T 4% K 1 4 2R
FUEZY CIE

El Abbadi %% ) F 1 22 W 45 %t MR EI{& 17
G328 BRIBOK B AL AR A 18 N ARIE AR R G
I PREE VIR A3 2528 HETR R R ik 9800, i B agD
P A% 1) 3 0R B (RBE) i 25 I 2% 11 I 24 R 1% 4%
KB RBE R G R B R E AR BAE b ke AR
Xt RBF #2845 390 1731 25, 52 50 45 S 22 B . RBF i
2 I 2% 11 235 460 17 BRL 2 ) BUE BiiE 2D LSSl B
W 2 2 2] PERE W L AR 0 18 B AT A9 A B . X
S AUV HR S — B L T R 1) 15 iy (BP) M 28 R 2% 1 T
FR PR 0T 5t 43 28 07 W o T S R U T A T R AR CR
A b B v O IR SR PO R MR A S O IR 2 G Y A
DR 25 i A A e A ] 5 ok e S BRAR B0 [ B, O RE
SR FH /0N I 2 48 e T 5 P15 a0 AT R AIE 4 B, 4R )5
SRR T — b B 1 R 4% 1 B AR T R 4% 4 1)
Y, e 20K 3 RS [ Y 52 R 2R ) ) T R R4
BT, TR A5 R R, BT PR SR R 25 R
K, o0 2R B3 v

120007-4



55, 120007(2018)

ANSHBIFHRE

www.opticsjournal.net

3 RIS MR R A R 2K Y
I

TR 27 ) 02 0 JLAFE 4 32 QTE I BE i e
T ST AL R 119 53 2% 285 1 ok 52 BN A A1
B AT ARG 3 o 25 1) 4 AIE 12 B, 2R T At R A
Bl TR 27 2] W] LA S 4 MR R TE Bl ) Y 2 )2
FHIER R © 2P0 1 T & W00, BRI 5
GRSy EI R R A RS ALAR T Y —
A3, Hom ] 7 AT DA A oy W B A ) RG24
Ao PIRR DT AR EAT MR 1 2 2] A L I o 2
5 £ )2 A HL (Multilayer Perceptron) A1 CNN
A5 5 0 B 2 o) A 45 TR 8 1R M (DBNs) |« H 3l 2 %
#% (Auto Encoders) ., = 8 H 45 #3 #% ( Denoising
Autoencoders) X # Bt B 4 1% (Sparse Coding) 45,
CNIN S I B 27 ) B33 A R Ak 3R i) o 22 0%
P ILAETE EHR U 5 43 b 2 . Setio 555
FIH Z 4 CNN 7E 47 il 285 71 A6 D00, 368 oo i B0l 285 15
AR b R R AR AT I G V0 i 4 Y
Kol % 35 85.4% L I, da Silva 45U F| I = 4k
CNIN, 4 B 4 fige 358 25 79, X il 235 715 30 47 R 40
FERRIRF] 82.3%0, H E B H AR K AE A
75BN B ER . FLF CNN 5 SVM A 45 & %
PO A8 3 A7 3 A AR 0 A R T 8 R B T
CNN R B A2 ¥, 51 A SVM %5 #it CNN H i)
softmax 1Y 3 5 58 192 1L RE 1 » fie 2 U000 HE ) 3
K 92.74% . Wi H i B 2% (SAE) 2 3R B 2~ &%
WATIAR M Tk 2 — T RS B R 4 1Y
PERE  JF HA B BT S EOMBAR A T 50 L 7
FURRHIE A P 2 T2 0 iz . X3 e 40 5
%} Image CLEFMed 2009 H Ay 12 2% 4 806, & 5%
FIH 2 REER)HZE SAE 7 A8 Ja) AR AEAG U 2% , 38 5
55 PG A RS B 45 AE WS L 9K 5 X I 88 4 AiE e i 3k
1 FE B 534 (PCA) B4, 7T LUK A ] 4 B2 19 g A
Bl A8 L — 1 1 7 A B AR R AR 0] i B R JH A R
RT3 (SRO) AT R4y 26, 43 MG 23K 99.0%.
I JR U Tl R 2 1 B A ER 1 5 R TR B 2 2] R
R BE 2 AR AT 0 28 UK IR B 2 > Tk 516 5t
FIE R HARSS & @ CNN-SVM 5 CNN-RF 43
e v A S X L 3 A 1 1Y) 43 2R AR T LA
RE 9826 LA b, gRAH AN BT FLR X OB EIMR, A
PR 27 2] f 58 O 12— B IR Z BR LR 28 @ B
TR, SR FH A0 1 DR S R S8 o) b R B 3 ) A R g £y
I, S5 Ja I 27 30 08 R A0k BG4 T 3 2 P 24 53

KUERH R Ny 88.63% ., Roth ZE2 &R xf CT EIMZ ,
FH CNN X B2 2 EUE b i 2% B 508 B (COR: o 30 3
Tk e iR ER S5 9%, FI ROC
(Receiver Operating Characteristic) i & F 19 1] F2
(AUC) A 0.998, Khan &1 $2 1 — F ol #F 10
CNN, K EZ MG 2 M fb 2 L2 I B Rk
CFAE SR 5 XF B2 2 IR B A )8R 43 i AT 3 2 A Oy
FAEREIR 81 %0, Yu &N — i I 24 BUR AL AS 4y
SRR, ) FH IR B 2 o B B = A R R IR B Y
CNN, e & 78 1 > Fdis 48 A7 DI 2000, 43 20K
BEAy Wik 76.87 Y% 1 87.37 %,

4 3t 1w

4.1 FREEFEBRSEFTENREGE

B 5873 26 J5 vk A BT b DXCBOR 4 A R A
FHXF 1 1 A IR E AT B 4% L H 3 I Ry 2 2 deJim X
I AT I 1, 7 R R R AR L N R R 2 i A
JIT R AR AN BAT AR S BUR L0 70 2R BB
T 52 Wi i 300 1= A A2 W

FEGETH AR S B 2 B R 5 285 ik b X T R RLAE
14 B 2 S AR RO M LR ] 28 i SVML 23 2R 8811
GRREAS L IORE 23 FE 9% AR 9 HL AR N AT L B0 iz B
], 9 H SVM HUBF X 389326, 0 T 2 73 26 h) LA
TE—E W R BRE . fEBE 2 B Kh, BARRERE R
PROKE Ty e T R 19 o T ORGSR ) 2 R
T A2 DX 8 T LA B 3 2R 27 B R A A TR L SVM
SV ARME A B B2 A 912 W DL J 2R 4R AE R
PEES 22 191 D0 T ME DA i 0 00K IF B M
DU $8ir 732 25 I, 75 8 0 T8 2 30 AR 3, A 3 Rl 1 O
T hnis 5 R wrE], BRI > 2R HOR

25 b A 5 R 2 AR 0p 26 07 1 3 9 FT LE B o
— MERIRT 2 R 0 B o PR AT 0 2 BRI T
MRLH . 25 R 2 R Oy RO R 2 T
K26 .

BRI B 2 (R 2 2605 ik P R 2 R TEAL 5t
IrZEIT LR BB BE I FCM B B 52 445 14
LA BOMIRE U 22 PRI 2605 IR A S8 O T
ZIORE A KA B T A RSOAS) RIU , AR A
VR 23 R Y HR A S8 B A5 R Y 7R T T AN T
1 B2 2 BR 2R I T BEAR S © A7 Y 248560 0K W o L
W), it 3 P45 K500 2 A9 AN 3 R, E A R LU T EE
NP AR BT B0 R B E ML R B
Z IS [ 7 R R AR

TEN T4 28 W 248 A58 5 R~ (R R 2R 5 ik v, ik

120007-5



55, 120007(2018)

ANSHBIFHRE

www.opticsjournal.net

FH A 25 10 2 55 B 5 R A S5 I 25 AR A5
AL ] {FL 1) 00 463 8 o e A S S DI 1) IO 2% 254 5 O
H T W D 25 4 A 22 ) ) 2 ) G R X 2% 5 W) B 4
S RF B A AT e B AR IX R TT I, A 2R
g A I R A BRI A FE A 1 H 1Y
4.2 REZFIERSEFEHRE

B A TR B 2 2] I PR g, CNIN 7 R A 3 45
S AR Tz PRS2 O T AR R Ay
IR BE X B2 2 R AT 4 S I R BB K Y
FRAE A BE S MRS B o B 2p R AT 2 8. RO
AT R R S R B 2 ) B L 78 R AL 4
k£ CNN X R EAT 73 28 L nl DL B2 6 R A
RS SR IEINZR Lh B R, 45 4 2 B2 42 v L 2
Jr iz A7 I )L 4 A7 BT B AT

Bt 1) 265 R 35 1) 488 T, R0 6% 1 RE -t A T 1 i
He 517 A0 ©UE B L 76 P9 R s (] &2 2% B A [R) A4 190 6%
T, TR R TR T 0 24 JHC A B A 2 AF X b B T SR
TR T2 ) 45 R R -, 5 2 1 I 2 BT R B R =
AE ST AEBG I — & B2 B Jm 2 th LR AR I 4 . i
R WEFE 22 153 B mT N 32 o) O 3E 56 4 il B R
TH R . o T iR et B 0 AL, BT 1Y) 0 4 45 A4 i
B,
4.3 REZEIJHEIL

1) BRJE K 2224 2] (Deep Residual Learing)

1E CNN v, [0 25 T8 5 80 L 5 ) 1 AE B s, [
W 70 O 28 15 I R e R 2 2 N T 2 R
i LU BT S AELIBE A5 0 268 R B 1) S BRI A 3¢ 199 4% 1) )1
Ik AR BN PR X S B0 R T AR Gk B i A =T
REE1S o 2 A 50 BRI T 2% 3K B o £ 1) DI R R L X
o 23 1 B T2 %) i A R i A SR S8 4 — B I
P 2% J22 27 ST (B O 11 7k 2 BRI 2 >0 1 55 R S
5. WL, IRZRZE MK k2 £ niz H TR
R T AR ZE S T R AR, B 2 Bk 2E 4SS 1
K38 2 1 iz T T M2 b R 43 J2 2 ) i 4
TE PR UL PO 2% J22 B i ey [e) ik VB SR BB A AR T Bt s

B 72 W 25 25 R B 1 B8 A R T O R R TR SR A T

JI % A PR I B2 AL . B — D R RO — A
MLETT T2 2T R AR vh 2 — s DXL AR
A1) B I YRR ] T R R R E W AR B
FRABE 3, O A B 22 25 oy o) B 1 O o e B RS G 2R
YA e A A% Bl e e B R R DR /N A A A G s
AR TR BE 8 1) 2 S AER T ) 23 BT AN TR) . TR, e 3%
JE AR o A O 4 T 2 — L R 2
JREH N, W R I B IR R B R B — DR

TRBE CNN PERE B Ak iy [n] 8, {5 75 43 25 P g & 9 ih
., H ILSVRC 2015 FE 4, 5% 2% W 4% B & i v H T
TR B 45 0 3, M i B S 0 1 At ) 4%
I, 4% 2 0 2 3R B o R 47 1 RIS o 2R kg . Al
i, AE N PR SR L A5 FH 5% 22 ) 4% AT DL K i 4 o
B oy e RE . E IR SR R4 3 S AT —4
B G AR B 25 I 4 B R o T R Mk BB 1Y I 4% 45
F A E 23 M X A J S0tk — 0 4

X
weight layer
J@) ReLU X
identity
weight layer
ReLU: Rectified
N Linear Units
Sx)+X (4 —
T ReLU

Bl 2 2z M4 45
Fig. 2 Structure diagram of residual network

A& TS

AT AL, G FE A CNN X B R0 26
R E I R RN 2R 4%, 55 2 I 2545 9 CNN
) 28 R $FL 3T XY i I 2% 119 SR 26 )2 s CNIN AN BB AR 4f b &b
P AR FESI Atk )2 I . & Fsh B R KEW
FURAE B b 2 AR T 25 8] 23 BE %, BT L CNN X
T AT BN AR A R R SRR G SRR I 2 R A
075715 S AT CNN DR AN 4 5 55 4 CNN /5
BRI ER T RHE R, AT
fiftpk [ i ] {8, Sabour 2510 B B B K 4% (Capsule
Network) 338 , Bifi Bl 26 #1527 2] 4003l i R >4 2= 48
SO, T3 N AN 2% S5 A BT 1% PR G BE AT
& CNN 7k & S i TS 5 S Y T B R .
W FA TR R RS Y — e XA R A R R
YRR FEAE RS . T i 2 DU R A A ) KO A
GOE7/ RN 2 N

AT SR L TR B 2 o) BRIS P & R L H AT 9T B
F W BR 2F UG 43 2 R PR B 2 2 J7 T e g R KR &
Gy R BE B B A DL B N . B TR R
BEE I AN T R B AT AR R 1 B R ) 4% 25
PERE R INAE B, 0 T B 2 R R A R b R
[ B S RASE Pl A 5040 1 7 2 il A5 % 11 S AL 1
FOR MR EF AL FREE (GPU) 1R X Fl a3 T Kk
R W N T T B A R A PRLAH I L BB A5 I R 1
(832, B Lk I Y AE DR N B 2 AR Ak B
K,

120007-6



55, 120007(2018) BYMSHEIZHE www.opticsjournal.net
1‘6
# digit caps
ReLU convolution 1 AT
' /5 10 10
9 N el primary caps P = i
] ] 1)
———— 7/‘ ik y
20 “ 32
S — w,=[8X16]
6
3 MR 2 R [
Fig. 3 Struture of capsule network
N B, R, 8F, F BETHRESTMAMER
5 HEHIE

F T BR 2 R AR RO A % 3 K AR AR L X IR

MR AT IE 50 73 IS TR B B2 W i A% 0 2
AR BRIy JERT L 3 o — R T
O BE AL W B A T ORS00 AR Al L e T
AR S G Y 140 B2 WD 28 X095 15112 Wi I 7 A 1)
AN S 2 T B 2 L AROR AR 0 15 84 22 0 B Ol
B B& AR AT R O BT S BE 212 W R TR EE 7 T 1Y
U KR A TR 2 2] PG ds B IR A (R AR 73 2R
S0 SR R 3 TR E 2 ) BRAE T UAS W2 o)
BIRTZFRAL , RERS B vy 2~ R 20 JERG BE L X R A
(32 Wi A B2 00 Sl A

(1]

(2]

(3]

(4]

%

4

Smitha P, Shaji L, Mini M G. A Review of Medical
Image Classification Techniques [C] // International
VLSI, Communications and

conference  on

instrumentation, Karunagapally. International
Journal of Computer Applications, 2011(11): 34-38.
Yang J L., Zhao J J, Qiang Y, et al. A classification
method of pulmonary nodules based on deep belief
network [J]. Science Technology and Engineering,
2016, 16(32): 69-74.

BAERy, BIRIR, BEZ, & BT RER S ML
HEWREMESEKT]. BEHEARS TR, 2016, 16
(32): 69-74.

Li' Y Q QiuJ F, Zhang W M, et al. Medical
2nd ed. Beijing: People’ s
Medical Publishing House, 2010.

AW, e, EAEH, S B RERE AR
(M]. SR, dbst: ARTA A, 2010.

LiX Q, Wul, GuY, et al. Low dose CT lung

imaging theory [M].

denoising model based on deep convolution neural
network[J]. Journal of Electronics & Information

Technology, 2018, 40(6): 1353-1359.

(6]

7]

(8]

(9]

[10]

[11]

120007-7

RS CT it LW [1]. 751 254, 2018, 40
(6): 1353-1359.

Bamber J C, Daft C. Adaptive filtering for reduction
of speckle in wultrasonic pulse-echo images [J].
Ultrasonics, 1986, 24(1): 41-44.

LuC T, Chen M Y, Shen ] H, et al. X-ray bio-
image denoising using directional-weighted-mean
filtering and block matching approach[J]. Journal of
Ambient Intelligence & Humanized Computing,
2018: 1-18.

Shang X B, Ding Y, Ding R Z, et al. A three-
dimensional denoising method for low-dose computed
tomography [J]. Journal of Medical Imaging &
Health Informatics, 2017, 7(1): 283-287.

Ali H M. High-resolution neuroimaging-basic
physical principles and clinical applications. Chapter
7: MRI medical image denoising by fundamental
filters[M]. London: 2018: 111-124.

Zhang X, Gu H B, Zhou L, et al. Improved dual-
domain filtering and threshold function denoising
based

method for ultrasound

images on non-
subsampled contourlet transform [J]. Journal of
Medical Imaging and Health Informatics, 2017, 7

(7): 1624-1628.

Hou Y Y, Zhou P. Approach on digital chest
radiographs enhancement based on wavelet transform
[J]. Chinese of Medical
Technology, 2010, 26(10): 1976-1979.
febe bl , JAE . R TN i A A 0 B g e s e (]
rhE B2 R AR, 2010, 26(10): 1976-1979.

Li L Z, Qiang Y. Medical CT image enhancement

Journal Imaging

algorithm based on Laplacian pyramid and wavelet
transform [J]. Computer Science, 2016, 43 (11):
300-303.

B, SRE. 2T Laplacian 4 35 /N AR e Y
R CT BG5Sk (J]. i PLRk 2, 2016, 43
(11): 300-303.



55, 120007(2018)

ANSHBIZFHRE

www.opticsjournal.net

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Anand C S, Sahambi ] S. Wavelet domain non-linear
filtering for MRI denoising[J]. Magnetic Resonance
Imaging, 2010, 28(6): 842-861.

Wang S B, Guo Y C, Gao M, et al. Method of
medical ultrasonic image de-noising based on fuzzy
PCNN in the wavelet domain [ ] ].
Optoelectronics ¢ laser, 2010, 21(3): 476-480.
ERE, A, mf, S ST PCNN /N
OB B R LM DT B [T DT - Ot 2010,
21(3): 476-480.

Sun Y Q,

Journal of

Liang X. A new parallel segmentation
algorithm for medical image[]]. International Journal
of Signal Processing, Image Processing and Pattern
Recognition, 2015, 8(2): 139-146.

Saad N M, Abu-Bakar S A R, Muda S, er al.
Segmentation of brain lesions in diffusion-weighted
MRI using thresholding technique [C] // 2011 1IEEE
Conference on Signal and Image
Processing Applications, November 16-18, 2011,
Kuala Lumpur, Malaysia. New York: IEEE, 2012:
249-254.

Jobin Christ M C, Parvathi R M S. Fuzzy c-means

International

algorithm for medical image segmentation[C] // 2011
3rd International Conference on Electronics Computer
Technology, April 8-10, 2011, Kanyakumari, India.
New York: IEEE, 2011: 33-36.

Dong C H, Chen Y W, Tateyama T, et al. A
knowledge-based interactive liver segmentation using
random walks [ C] // 2015 12th

International

Conference on Fuzzy Systems and Knowledge
Discovery, August 15-17, 2015, Zhangjiajie, China.
New York: IEEE, 2015: 1731-1736.

Zou Y, Shuai R J. Improved segmentation algorithm
of medical images based on SOM neural network[]].
Computer Engineering and Design, 2016, 37 (9):
2533-2537, 2581.

AR, IR . TG SOM M 28 9 45 11 B 27 &
B ESE D] AL R 5 30, 2016, 37(9):
2533-2537, 2581.

Chen S 'Y, Chao Y, Zou L. Detection of solitary
pulmonary nodules based on geometric features[]J].
Journal of Biomedical Engineering, 2016, 33 (4):
680-685.

MR, SR, ARuE. BT LA KR AR 04 IR ST 4 il 45
R[], AR TR IR, 2016, 33(4): 680-
685.

Guo H. Research on solitary lung nodule detection of

low dose CT image[D]. Xi'an: Xidian University,

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

120007-8

2010.

SRR ARG & CT IR 45 19 ke I 7 i 52 [D] . 74
2 PR RHOR Y, 2010,

Arias J, Martinez-Gomez J, Gdmez ] A, et al.
Medical image modality classification using discrete
Bayesian networks [J]. Computer Vision and Image
Understanding, 2016, 151: 61-71.

Rong J S, Pan H W, Gao L L, et al. Medical image
multi-stage classification algorithm based on the
theory of Chinese
Computers, 2015, 38(9): 1809-1824.
SEGNNE, WA, E Rk, . BT X AR E
FRGZ B KA [T]. AL, 2015, 38
(9): 1809-1824.

Cortes C, Vapnik V. Support-vector networks []J].
Machine Learning, 1995, 20(3): 273-297.

Li J, Zhu W Y, Qing C,

symmetric [ ] ]. Journal of

et al. Estimation of
atmospheric optical turbulence at near surface of
Chengdu with support vector machine [J]. Chinese
Journal of Lasers, 2018, 45(4): 0404001.

Bk, RSOB, HAE, . SRR AU SRR I M
TR Ot A L. B WO, 2018, 45 (4):
0404001 .

Abdullah N, Ngah U K, Aziz S A. Image
classification of brain MRI using support vector
machine[C] /2011 IEEE International Conference on
Imaging Systems and Techniques, May 17-18, 2011,
Penang, Malaysia. New York: IEEE, 2011: 242-
247.

Shen J, Jiang Y, Zhang Y N, et al. Multi-class
medical image classification approach based on edge
detection [ J].
Processing, 2016, 31(5): 1028-1034.

Wi, =, WM, % ETHSKN ML KN E
FEMG T [1]. B R & 5, 2016, 31
(5): 1028-1034.
Khachane M Y.

Journal of Data Acquisition and

Organ-based medical image
classification using support vector machine[J]. 2017,
8(1): 18-30.

Chen C L., Yang W J, Chen Z S. Electrocardiogram
based on pattern
analysis [ J]. China Medical
Devices Information, 2006, 12(3): 17-18, 22.

MRt s, B, BRIRAE . LT BRI ATk 4 A 1Y
OHETEL A ST 1]. T EEST S RE R,
2006, 12(3): 17-18, 22.

Zadeh L A. Fuzzy sets[J]. Information and Control,
1965, 8(3): 338-353.

computer automatic analysis

recognition syntax



55, 120007(2018)

ANSHBIZFHRE

www.opticsjournal.net

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Zhou L, Jiang Y, Chen N, et a/. New medical image
classify approach based on decision tree twin support
Engineering and

vector machine [J]. Computer

Applications, 2016, 52(21): 76-80.

AREN, W, BRME, SF. BT DRSO XT ST ) AL
B EEGrE kD] RIS M, 2016,
52(21): 76-80.

Hu X W, Jiang Y, Zou L, et al. Medical image
classification based on neighborhood relation fuzzy
rough set [J]. Computer Engineering &. Science,
2016, 38(4): 739-746.

BHEE A S CARTE, A BT AREL G B R M B
MBS G R[] RN TR SRS, 2016,
38(4): 739-746.

El Abbadi N K, Kadhim N E. Brain cancer
classification based on features and artificial neural
of Advanced

network [ J]. International Journal

Research in  Computer and Communication
Engineering, 2017, 6(1): 123-134.

Zhou H, Zhang Y S, Gong M. The classification of
medical image based on the RBF neural network[]J].
International Electronic Elements, 2017, 25(3): 113-
116, 120.

JEE, sKILTE, FEA. AT RBF M 4& W% 09 & % &
B AENT ] BT TR, 2017, 25(3):
113-116, 120.

LiuF, Gu W], Wang G T, et al. BP neural network
based classification method for iris image quality[J].
Shandong Science, 2015, 28(2): 108-112.

XVGE, A3CH, £, 5. HET BP A W4 I
PG By 2607 (0] IR RS, 2015, 28(2):
108-112.

Liu Z, Huang ] T, Feng X. Action recognition model

construction based on multi-scale deep convolution

neural network [ J J]. Optics and Precision
Engineering, 2017, 25(3): 799-805.
XA, B, K. WL R R S R 2 M 4%

PR (1], e
799-805.

K% TFE, 2017, 25(3):

Setio A A A, Ciompi F, Litjens G, er al. Pulmonary

nodule detection in CT images: false positive
reduction using multi-view convolutional networks
[J]. IEEE Transactions on Medical Imaging, 2016,
35(5): 1160-1169.

da Silva G L F, Silva A C, de Paiva A C, et al.
Classification of malignancy of lung nodules in CT
images using network []].

Workshop de Informadtica Médica, 2016 (16): 2481-

convolutional neural

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

120007-9

2489.

Xue D X. Research on cancer image recognition based
on convolutional neural networks [ D]. Hefei:
University of Science and Technology of China,
2017.

BT TS . BE T B 2 4% 1Y IR 2 S 0 AR R ) T
F[D]. FI: hEBEEAR KRS, 2017,

Liu Y Y, Tang Q L.
based on the multi-scale single-layer SAE[]J]. The
Guide of Science & Education, 2017(5): 20-21, 192.
XIVETE, JEAe. BT 2 R B2 3 i h g 1 B2 2 &
B3], RS RICFA)), 2017(5): 20-21, 192.

Wei C C. Research on medical image classification

Medical image classification

method based on convolutional neural network [D].
Harbin: Harbin Institute of Technology, 2017.

BT . T BRI 4 W 45 1 I 2% R 5 28 M BF 5T
[D]. MAJRIE : BRI Tl K4, 2017.

Zhang J, Jiang Y, Hu X W, et a/. A new medical
image classification method based on convolution
LJ].
Engineering &. Science, 2017, 39(2): 323-329.
I, W2, W, L BT EMZRIRE 2
BB B 200 ik U] B IR SR,
2017, 39(2): 323-329.

Roth H R, Lee C T, Shin H C, et al. Anatomy-

restricted Holtzman machine Computer

specific classification of medical images using deep
convolutional nets[C] /2015 IEEE 12th International
Symposium on Biomedical Imaging, April 16-19,
2015, New York. New York: IEEE, 2015: 101-104.
Khan S, Yong S P. A deep learning architecture for
classifying medical images of anatomy object [C] //
2017 Asia-Pacific Signal and Information Processing
Association Summit and Conference, December 12-
15, 2017, Malaysia. 2017: 1661-1668.

Yu Y, Lin H, Meng J, ef al. Deep transfer learning
for modality classification of medical images [J].
Information, 2017, 8(3): 91.

Yang N, Nan L, Zhang D Y, et al. Research on
image interpretation based on deep learning [J].
Infrared and Laser Engineering, 2018, 47(2): 18-25.
te, msk, T —, . TS RSk
WroE)]. L5 5HOC TR, 2018, 47(2): 18-25.
Feng X Y, Mei W, Hu D S. Aerial target detection
based on improved faster R-CNN [J]. Acta Optica
Sinica, 2018, 38(6): 0615004.

T/NF, T, B K. kT 0 #F Faster R-CNN
Z B odR AW L], Ot o ok i, 2018, 38 (6):
0615004 .



55, 120007(2018)

ANSHBIZFHRE

www.opticsjournal.net

[47]

[48]

He K M, Zhang X Y, Ren S Q, et al. Deep residual
learning for image recognition [C] // 2016 IEEE
Pattern
Recognition, June 27-30, 2016, Las Vegas, USA.
New York: IEEE, 2016: 770-778.

Zhang M, Lu X Q, Wu L, et al.

Conference on Computer Vision and

Multiplicative
denoising method based on deep residual learning[J] .
Laser & Optoelectronics Progress, 2018, 55 (3):
031004.

TRIE, BBEHL, R, . BT AR 25 24 ) Y SRk
MR WO R [J]. WOk 5 ot R, 2018, 55

[49]

120007-10

(3): 031004.
Sabour S, Frosst N, Hinton G E. Dynamic routing
between capsules [C] // 31st Conference on Neural
Information Processing Systems, 2017, Long Beach,
CA, USA. 2017: 3856-3866.
Chang L, Deng X M,

Zhou M Q, et al.

Convolutional neural networks in image
understanding[J]. Acta Automatica Sinica, 2016, 42
(9): 1300-1312.

Was, AN, R A, A R B bR B 2

P17, AsifesHH, 2016, 42(9): 1300-1312.



