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88.27% 1 86.35%, W15 5 it BTR FE 2% 2] vk v Re, 3R B0 H B VR il Bh AR R A AT B s P 1 P Bl R
S T HRE ).

SKERIR): BT P B HR AT G2 AR T W R AR oA BBk DX g R BRI HLE% 52 515 SRRl

SUAM N (RKEHE, B WEK, M %75, Risa Higashita, PRE, 5k, XV AS-OCT G T 11 B 3 BBk (A B2 AR J 3 SE0L & 52 2
FH,2022,31(12):10-19. http://www.c-s-a.0rg.cn/1003-3254/8867.html

Automatic Cortical Cataract Classification Framewori( Based on AS-OCT Images

XU Ge-Lei', ZHANG Xiao-Qing', XIAO Zun-Jie', Risa Higashita"?, CHEN Wan’, YUAN Jin’, LIU Jiang"*’

'(Southern University of Science and Technology, Shenzhen 518055, China)

*(Tomey Corporation, Nagoya 4510051, J: épan)

*(Sun Yat-sen University,‘Guangzhou 510060, China)

*(Cixi Institute of Biomedical Engineering, Ningbo Institute of Materials Technology & Engineering, Chinese Academy of Sciences,
Ningbo 315201, China)

>(Guangdong Provincial Key Laboratory of Brain-inspired Intelligent Computation, Shenzhen 518055, China)

Abstract: Cataract is an ocular disease that mainly causes visual impairment and blindness, and early intervention and
cataract surgery are the primary ways of improving the vision and the life quality of cataract patients. Anterior segment
optical coherence tomography (AS-OCT) is a new type of ophthalmic image featuring non-contact, high resolution, and

quick examination. In clinical practice, ophthalmologists have gradually used AS-OCT images to diagnose ophthalmic
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diseases such as glaucoma. However, none of the previous works have focused on automatic cortical cataract (CC)
classification with such images. For this reason, this study proposes an automatic CC classification framework based on
AS-OCT images, and it is composed of image preprocessing, feature extraction, feature screening, and classification.
First, the reflective region removal and contrast enhancement methods are employed for image preprocessing. Next, 22
features are extracted from the cortical region by the gray level co-occurrence matrix (GLCM), grey level size zone matrix
(GLSZM), and neighborhood gray-tone difference matrix (NGTDM) methods. Then, the Spearman correlation coefficient
method is used to analyze the importance of the extracted features and screen out redundant ones. Finally, the linear
support vector machine (linear-SVM) method is utilized for classification. The experimental results on a clinical AS-OCT
image dataset show that the proposed CC classification framework achieves 86.04% accuracy, an 86.18% recall rate,
88.27% precision, and 86.35% F1-score respectively and obtains performance comparable to that z)f the advanced deep

learning-based algorithm, indicating that it has the potential to be used as a tool to assist ophthalmologists in clinical CC

diagnosis.

¥

Key words: cortical cataract; anterior segment optical coherence tomography (AS-OCT); cortical region of the lens;

feature extraction; machine learning; support vector machine (SVM)
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1A (catarabty f— b IO BCET AT S B0M
i IR, HRR 5 2 PR A G, WERe . B
AR E SRR RS . MRS A DA 4140 (World Health
Organization, WHO) 14 1H%#E, 2] 2025 4F 5 N [ E
HANBCHIEE] 4000 J5. AR SR A 45 7 H IR I i) iz
B, AAFEIETE T 3 MR f5 3% EH A FE (posterior
subcapsular cataract, PSC). FZ 5% [ W& (cortical
cataract, CC) Fi% M 2 & (nuclear cataract, NC). H
rh RSV P B — e LI B SRAR, HORE R
NIRRT X3 (2 )2) IRk AR S Bl R

W SR AR IR M7 25 R4 (lens opacities classi-

fication system III, LOCS III), J7 5 P A P B AT & R K
S5 3 A B IEH . AR R R R KR
I 38 A7 4 B IR O IR ; RTEERE $i R [ 8 ot 0 9 e
SRR E AR B S, B R i R TR X450 g VR R R 9 B L
WA R, FLrh g e, B 4y MR LOCS I 4%
JobRdE N BT M A AR C1-C2. C3—C5M. FEIR R
b, B R T P B R R LR R 2R AE %
B2 I ¥ A R e R R P B R P R
TEEZIRRME R T ARG

TE I PR 2 Wit P o, BRRHEE A8 38 5 SR R R RS
FY B R P14 7 28 3 S () 26 R0 ey 1 B 7 E P 3K
R Wi 7 v B B R, H 3 5 AR 2 a A
T FIRA L, I HA 5 . it m IR BHE A AW

e 12 IR (1R ARS A P — 1 i 5 A R ) [ R PR Xu 55
NAEZRLBRAT BN R B AR it (el A SR AT i B
F5 7325, H7E ACHIKO-NC %448 Nl R 183 1
85.2%". 2= gt o A N\ BT AR S R REAT 13 P9 B 0 75 9
HUAS T AER I A 45 511, Zhang %5 AN TE J5 RO IE B %
(anterior retro-illumination image) F#&H T —/ 5 %
FI R BE A AE S, Fh 43 /K U B9 A0 By JRRL R B B B
TR, 5 45 R AU B TR B TR 90, 1%, Y SR 7E
SREOGIE B T IR ?iff%%_ﬂ#ﬁﬁ TR o A B
E 352, T MR AR LIS T 86.36% MvEAfHR".

R AT 22 FH W72 S (anterior segment optical
coherence tomography, AS-OCT) s&—# OCT &%,
BA SR mEd R, JEEMrE. v EE M
B R R U S Y M T A IR R R, e
RE SR ARG 5o T 1T 45015 B, G AR 2. i
R, IRBHEA Q2 Z M AS-OCT B Ri2 W iR A
TP, AR GRAR f R . 7E 1 YR I PR 7T,
Wong %5 N\ K H W1 52 /R 240 R 0775 (Spearman’s
rank correlation coefficient) 73 4T £ AS-OCT B4 14
FYMERES B N ™ E AR B A, R4t
28 IR AEE R P . Wang 25 AR FE
£ AS-OCT BEIR N AT SR F P AN A A A P P
(B AH O, FF a8 B J R 8AH o6 REOTVE A T P
T, 1381 T IR GE 45 R X LI PR IE R 7T
HNFEET AS-OCT BN HEh A R R TARRRAE 1l
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R . Zhang %6 N R G4 W KB AE AS-
OCT MG T SR Mk 1 P B 7™ B AR B2 49 25, (H 43 2811
HER SR BEIA B 60%!'Y. FEHE PSS N SE T fotRIR R X
W AS-OCT EUE HH-EL T 18 MR FHE, HFI H
5 NG SUIINLES 2 ) BRI T 00 25, B i o R R
K F] 75.53% 4.

yREOEIE G AR L, AS-OCT B4 AT LLIE 48 1
W5 31 7 5 X 35, 5 H A AR =T AS-OCT B4k
AT B RT3l 2 2R B AH SCBIE 7. Ak, A ST IR
P T —ANE AS-OCT B T 14 B 2 B o 1% E P ™
HFRE AR, R IAL B . RRAESR L. AR 7
e AR P R4 2 4 AN LRR. 7 TRAL R 4,
AR SCR A SO DX 25 [ A5 0k L 436 5 g v 448 A [ 7

EFEE T 1 B AS-OCT BRI 2 5tk 4R 5

S RFAESE R 4y, A SCH H K L AR FE B (grey level
co-occurrence matrix, GLCM)+ @E)ﬁlziﬂﬁj(d\%ﬁf@
(grey level size zone matrix, GLSZM) AR K & 2246
F% (neighborhood gray tone difference matrix, NGTDM)
JIESEHL T 22 MR, SRR R RHE IR 1 43, AL
K FH 3T K OR 2FH 5% R B0 VR AT R A1 B S o A I O
IERHIE. B e A SCR A T 26 S FERIE ML (linear support
vector machine, linear-SVM) 7E 575 i F4FAE_E3E47 J2
PEE N H 350 2K, £ —MImK AS-OCT #idls 4E L1
Iy R R, AR 70 RAE RIS T 86.04% Y
HER AN 86.18% I H 013, 5 S it IR L 27 21 T i)
Iy RIERERE.

2 AS-OCT #¥EEN4

ARICAE R AS-OCT ##a ok 5 At = H =

%, HOHE SR K 4 /2 H A Tomey Al ) CASIA2 i
T OCT 4% ZBHE A E 355 M2l CPFR
61.30 %), KH T 195 1B # A 160 A IEH A,
Forb e IR ANAS IR 8 B B 4y il R 251 AT 228. AS-OCT
FIG &I 360 J& 344 7 IR I 19, B4 52
HMNARFEMERET 16 kKB, TR T, A3
TR 200 BB R AR O B R ER T A& 2R i &
B, 4427 3 726 7K AT ) AS-OCT E14.
T %A 5T AS-OCT EIME M B A R 2 bR .
FT A 2 #0457 IR O IR BB AT AS-OCT B4,
AS-OCT EHZ Bz 51 1 A R s i 2 i i R EO6 VR B
BRI, Hop, 3 400 FE A IRRHE 4 4% 18 Y
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JORPAE P PR (7 B AR B R 52 R O IR R
BT AR, ARIE T A SCEAR AR ic i &

AS-OCT BEGREIREUEA R iy, Hp LA
JoR X3 R 5 1 N R O, TR R 2 b, BRRHE AR
R BT bR R X SR 5 R R A g,
DAL b, A S R B b R o X 3 S AP RS B B
JoE X S B EUR b B o DX AR A, i 1 Fros. 78 B X
AR ICD B, A e IR BE 5 #1245 U-Net!'®
15 BV B Xk 4R J5 A SO i ARJE R AR I 5 o7 A%
P DX ITR S, 75 21 L B X "

3
'

N i s
A% 7%

AS-OCT FE{% i TPE XA

BT R X IR B R

F B IX 3k

2225 SCHR [10] P Sk 0 07 ik, ASOR AS-
OCT & LLIRIS 9 A7 73 9 I ZRAR AT 4., ORAE 1
7] — S BRI £ R I A 2 R I 30 SR A ik
8. 3R PRI ZREE AN R A 1 AN [R] B sk 1 A
AR FE ) AS-OCT E& 5 i Eqﬂll%{?%qj, EW. &
JEE ¢ I A 1 A I P R T AR AS-OCT 115
S 590 K (11219 HKALO6H Bk LEM IS, IEH |
At I i AR L P 1R 1 11 P9 ) AS-OCT
IR 4 T 284 5K . 313 3KA1 356 7K.

R B AN EREEE DA

Bl ik RRE A
YLtk 590 1219 964
ML 284 313 356

it 874 1532 1320

3 HBIB H AR RHES

1EE 2 TR, AXSCHR O 30 R P A 2
REARRT 53 4 A E50: FRUGTUAL I, BHAEIRIR. AT
AL B 1 A 25,

|t || s F{ s

B2 Z:T AS-OCT BRI A 3 B 1 Y 7y SRHE SR
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3.1 E&gmAE

FEHTEZ R AS-OCT EE N, T2k
28R BRAGR B S, 7 J5R DX 8 ) DS 43 R R S o
X3, AT S SO [R) 77 3 R R f B o 1 1 P B Pl AR 2
() ) PR FIR 22 S MR/ . S T i v R o P B D 40 2
RO, AR F oM X 358 25 I 5 50 B 58 48 5 9 o 7 2%
Xif B2 R X 45 ) AS-OCT B AT AR FRE ), HAR 4b 3
BIRIWT : ACE KB R KN 196x105 1) H] 5
G IR 2: B, KRR A R R S5 A B R AT B
B2 N T D BRAR RO X300 43 2545 S RE I, AR SC
K (1) % EUG R AME R (B pixelli, jIEAT A EE, 3
SRR ZN L

pixelli, j] « pixelli, j1x1.5+30 (1)

] 3 A [R] 7 B R R R o P 1 9 B 1Y) AS-OCT B
18 T AL HE T 5 (145 5t o i, ATRA 3, R 2 i ik
(1 R R X Dﬁiﬂ’]f“ﬁziﬁﬁ@%ﬁiﬁﬁﬁﬁmﬁ
(B 3 A, 52 A6 AR K. 43 ot X 45k 2
e 0K L B 38 0 i, AN [R] 7 AR B R O 4 1 P I (R
bR 7 S P B S O, EERE R M 1PN R o B
XAk H B (3 A0, A SO 2 E R SRR S
AS-OCT BEZ T Ab BT J5 1 B 5 11 N B 43 S 25
DASSUF BT i HA 1 G850 v (1 A Rk

S I6IX 45 Xt

bR e B o 2 DX 43 e o5 B

Kl 3  AS-OCT BEM& 1 FAL B/ 5 Xt Lb

3.2 FHEHEER

B 5 Bz o 1 P ™ R AE L 4 T, AS-OCT K
80 1 2% R 3 IX S T AR 08 o, B A B A B ) 3R
FSAE. [RIIE, 22 SCHik [18-201, A SCR KR 3L A 40
B« R DX 58 K /I R [ R 408 358 K 225 R B g v R T
AS-OCT PG M B i X I HL T 22 NSRRI,
3.2.1 KB FEAHE PR I RHAE

I F A R A 5 FH T 41 38 P ) 25 (R A DR AR 1,

S W T AT 5 A 2 A A A AR, e T DU —
AN KINN, X N FIHE FE R IR . N AR 1% EUR 1 KK
THRIREL, AR SGERIEN, = 16, K BE LA M PN B LA
NHRE, ASCHETEHRIT 6 AN WIS RFE: 68
M. FRTE. MISEME. MR R, X L
FERR A LR iR A Rk

(1) BB (energy): Al H THi1& AS-OCT EUZ ML
THRH AR 2 DL SR By AT F S R

Ng Ng

energy = Z Z (P(i, ))? (2)

i=1 j=1
o, PG, j) %T?FT/MGE’J JE SRR
(2) {5 (entropy): fiIR SCER I TC P RE L. i (EBROK,
ULH AS-OCT BEIME I K FE 43 Ak 52 2%
Ng Ng

entropy = — Z Z P(i, Plog, [P(i, j)] (3)

i=1 j=1
3) A (homogenelty) Elipuyaes apslbEsE
homogeneity = Z Z P(i,’ j), @)

pyiy I+l]i—jl

(4) =M (correlation): iR IR EILAEFEME L&
TEATERAN J7 1) b B AR AR BE, ol s e RIS ) J 3 A 5%
P, (E RO, AH IR

Ng Ng
ZZIJP(I )= Kbty

. i=1 j=1

correlation = &)
0'xo'y
Ng N, Ng Ng
AEP pe= > D 0P, ), py = ZZ}P(I Do=yy
i=1 j=1 i=1 j=1 i=l j=1
Né’ Ng

PG, i - ), 0y = ZZP(" Mi-
(5) HH 1% (dlSSlmllarlty) ik éﬁ}iﬁ’]/glﬂ‘ﬁﬁfh
Ng Ng

dissimilarity = Z Zli = JjIP@, j) (6)

=1 j=1
(6) Wi Z£HH (inverse difference moment, IDM): ffiik
SO P UNFR BE, B B U8 Jmy A Ak

N, N,
S PG
IDM:E § T (7)

3.2.2  ZRPE X IR /INH R R REAE
TR X 35k R /N R s il T PG EL A A [R) K 2 2
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BRI AR, WAL ASCHE T ) EE
Hia—MERAEA 8 MHWBE R, FHEH pG, HIEE
K EAG Jyi s FEB X IR j T AR, AT
IR JEE X IO /INFERE S AEHRET 11 AMRFAE.
(1) /NX 3w (small zone emphasis, SZE): fifii&
T SUHE A AR, BB R U3 /N X R 22, R
SO RS 4

N:
Pz
SZE= ) —= 8
;ﬂ ®)
oo, NARE RS X I TR AN, p AR X
Ng
WAL T ALER, AR Ap: = ) p. ).

(2) RIX I ftef £ (large zone emphalszi; LZE): {#iik
7SRRI, 2SR AAEE, B
LU S g 4

‘NZ .

LZE=) p: 9)

=
(3) X3k F 73 Lt (zone percentage, ZP): 3% [X 34
FoE GG EE R E R
N

ZP= N_,, (10)
Né' N
Ho, N XD pli, ) N SR

i=1 j=1

BEHE.
(4) TR P X 3w -1 (low grey level zone emphasis,

LGZE): fiiit 1 FURHR A BE X AT BB L g Lo,

A v 10 I R [X A B b 11 L A3 B8
Ng '
p
LGZE = Z l—j (11)

ot p A9 538 X H % A0 1 TR MR ;g =

N:
DG ))-
- (5) K FE X 3 4P (high grey level zone emphasis,
HGZE): ik 1 BRI i 2K FE DXIRAE B o 1 bl
AL v 5 P v R DX G e ) L A7) B K

Ng

HGZE = Z P pg (12)
i=1

(6) /INHIAARIK FE A 47 PE (small zone low grey

14 %45k Special Issue

level emphasis, SZLGE): il TR BB 19 /)N T AR X 45

TE G A BT & B B A7)
SZLGE = ZZ p(’ ]) (13)
i=1 j=1
(7) /NI AR 5 2K FE A B P (small zone high grey

level emphasis, SZHGE): 58 T &1 2K BEAH 1) /N AR X
e GLSZM UG Hh i o5 ) L 451

SZHGE = ZZ p(’ J)’ (14)

i=1 j=1

(8) ﬁ\ﬁiﬁf&jﬁfgﬁﬁﬁ?@ (large zone low grey
level ¢mphésis, LZLGE): i 7 AR FEAR B K AR [X 45
TR T 5 A E )

LZLGE = ZZ Pl J)J (15)

i=1 j=1
(9) KTH AR = K P 2 Al i 1% (large zone high grey

level emphasis, LZHGE): i 1 =1 2% BEAE I K AL IX
SAE E R B o R A

Ng N

LZHGE = Z Z pli, )2 (16)
i=1 j=1
(10) K J5 % (grey level variance, GLV): #i& T
IR RESE 1 X 07 2 5
= )
GLV =" 3" (i-1g) pli) (17)
i=1 j=1
. -

3, RIS > it ),
i=1 j=1

(11) X4 K/NJT 2 (zone-size variance, ZSV): fifiik
T THAR R ANAS R X8 2K FE 7 22

Ng Nz
Z8V'= )" > (=)’ phi, ) (18)
i=1 j=1
Forb, o 9 T ALK N AR X 38 K 1 38 e =

Ng N,
D iptis ).
i=1 j=1
323 ARBUREZEFE RS

AT IR B 255 I T R 19 2 2R 18 5 40 R
B9 088 1) PR S . RS i) 2 R K FE S5 4 i 1 14
2050 B By d (919 2 0K BE A I B R IE S B 9 1,
Horps@ynTd X (19) RiA:
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(19)

{ Zn Ail, n; >0
s(i) =

n; <0
b, AR IZAR A R MK .
ASCIREUT 54 NGTDM K148 i+ 84S 4iE -
(1) HKERE (coarseness): i 145 25 5 40 35k 7] 1
TR

N -1
coarseness = {s + Z p(i)s(i)} (20)

n=1

Horb, N AR MG b i m K FESE ], 6215 1L coarseness
To 95 R — MR/

(2) XFHLEE (contrast, cf): s B 58 AR (L FNHE A4
IR FE G I Zh 75T

Ng N N,
] g g 8 )
et = (M)ZZMW@ ) ][ > s(z)]

=1 j=1 i=1
(21)
o, NPK%PEH%EP IR PE S R B s p()ARR K 4%
BRNIIREZ p(i) = N’ nfREIREE N | M55, NG
FIBHBN = Zni.
(3) BARE (busyness): Ron—MEREIHEE &R
A4 (p(i) 2 0, p(j) #0):

Ng
> p(i)sti)

i=1
busyness = NN, 22)

> lip@) = jp()

i=1 j=1

(4) B4 (complexity, cp): 7~ NGTDM HEfEAH"

BRI E R AL (p() # 0, p(f) # 0):
Ny N,

POS) + PUISC)
- 23
e ;;" N+ 5 N(p(@) +p(j) *)

(5) R (strength): FAT-$538 UG IR 5 5 5 141 A8 10
RS EE (p(i) £ 0, p(j) #0):

Ng  Ng

D b+ p(Ii- j?

i=1 j=1
strength = 24)

e+ i s(i)
n=1

3.3 4FETHIE
AR T B IR B A O R BOTEPY Sk IE 5

BJ5t A B 2553 2 180 AR S P R AT RpAIE 075 2k, (R I 23 A
RFAE 2 T8 PR A AU 3 S TT ARFAE. i B2 /R 2 A 5% AR 8

JiiEmEE a (25) 153

6Zd2
n(n2 -1)
Hor, d, IR | ANFEA SN LU R-E I S5 2
7, n NINGFEAR S HLL

3.4 FERMEARES S B’

SCFFIR AL (suppert vector machine, SVM) s&—F
Qxﬁ'iﬁ']?]ﬂ%&% Y5k, e ATz N B R 2 E
AR TE Sk, '5ﬁ1'ﬂlffﬂ%§%flﬁ’3 FREVEA L, SVM
HAAWGEETR . AT EREAT SRS 1 R 55 R i A
SCR 2 S REIT AL (linear-SVM) H 3 50 B2 o #
FI B B AR, HRIA AR

p= (25)

900 =" wix; +wo (26)

i=1
o, x = (xp, x2, X)) NVIGREFE, w = (Wi, wa, -+, W)
SRR S8 ST T ) B R B, wo ARSE TR T S R
R R A AL T

4 IS R
4.1 THNIRE \

AR HE % (accuracy,ACC) A A% (macro
recall, Re)~ Z: A5 =E (macro precision, PR) 1% F1 #4
5 (macro EI measure, 1) 4 FUMFFRR I ft 7 1)
S A . 7 2 L R R U I R A
H b SRS B A A 18] 28 o 500 T I T 114 1 451
FEAS TR LT A 1 2 7 S0 T TE A7) P A A% b 52 B
NIEBIRI LGN, F1 AR bR 2R 5 280 A [l 2216 A A
BE o R N B T = A< R/ W o 7

Z’: TPi+TN;
TP+ FP,+TN;+FN;

1

ACC = - ; (27)
]
Z‘ TP+ FP
PR= = — (28)
1
Zl TP; +FN
Re= 2= (29)

L
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Fl= 2PR X Re
PR+ Re
H, TPiw TN;w FPiv FNoPmlfRESi (i=1,2,---,])
) E PH M (true positive)s EFHPE (true negative), i FH
% (false positive) FIE[HPE (false negative).
42 LWIMNEEE
AR OpenCV EE AL HE LA scikit-learn L7
52003 ) S DR R SR AL AR 2 21 Tk N T e AR
SCHTHR T R A R, AR SC R S B B AR 4
W 2545578 (convolutional neural network, CNN) 1 A%}
bt J732:: GraNet!'”), ResNet™!, SENet!”’! f Efficient-
Net™ . iy CNN 5= 5L F PyTorch HESLSZHLAY,
A TAL B )5 () AS-OCT EE K/ 224%224; itk

(30)

PRAEBENLEREE N FRAC AL 2% (stochastic gradient.descent,

SGD) IR HEVA R E. A SCHIIZRE I (epochs) FllL
FK/D (bateh size) 4 HIBELN 100981 16; 4k )
% (learning rate) 24 0,02 HR I 4 %18 K #E 2 5] %
Hh&. T CNN ﬁﬁﬁ‘ﬁ%ﬁﬁ%J(U\?i?ﬂﬂﬁﬁ%}ﬁiﬁﬁi}ll
Sk, SIS IR IR AR R 43 708 Ubuntu #2:4F R
4l 1 5k Nvidia Titan GPU (10 GB).
43 TWHERSHH
43.1  A[A EG AR B 5 1 B 4 T T

Kl 4 5 AS-OCT EEAEAN [F] A BE N 1 73 S HE
BN bk, FoA AR A R REAE D B SO R ELR 22 M FAE.
R T B BT B ) A B T VR B, AT
5 AN WIALER 2% 2] B0k Btk SO M &AL, AdaBoost
(AB), 5 4RI 45 A 7% (K-nearest neighbors, KNN), ¥

TR EL7E (decision tree classifier, DT) FFEHL AR EIE. |

(random forest, RF). F b, Wi ta, L, KERMEE5)
TARFR LA T FRAL 2 azblié%ﬁﬁ‘tlzﬁf kAT
Xof Ll 484 58 DA B 25 Bk S 01 DS ST KT L 58 8 5 9 A 77 92
NI e S

Bl 4 SEBGAT 25 S ARl WL, T RO IX 2k Bt
LU B S 5EVR A J7 VA AS-OCT G EUAS T Bt 3 24
B, HHRAHR AS-OCT EUEHE R T 37.13%; 55§
TP S DX 3 2 B R GE Lb B 384 5 5 VAR LG, YRS VR
IR T 19.43% F1 28.01%. SL6 45 BB IGIE T A
SR 1) BRI 38 58 1 e A b 8 s 2 I 1 P e 2
gE RAGBYE. TEARKIIE A TR, A0 i —
SR A 1 B 5 Ty k. AR B 4 g BT L, 8
5 LA S Bk, linear-SVM I 28808 Btk EAR

16 % it +ZiiR Special Issue

THE 4 FPLE: 21 5 Rk, A% linear-SVM
A R FEEERAR ) B 5 1 o8 e SR

9 85.14 84.05

82.26
80 75.84 7744
60.2

3
B 5642
S 50,67 I I

lincar-SVM  AB KNN DT RF
LB
= ERALE = OGRS R
ROGIX B 50 g =
Pl 4 I P RSBV R O o 45 SRR L

430, HEMESH S BT
VTR 2 N 22 AN 1 P R 2 A (B R
SR M. JUPR, 7 2 /R B 36 RSO K, WG (T
Bk 1 P i R PR A D e, 5 A R
3R IRAR. INFE 2 45 AT R, 7 R B RHOK
ANHESA T 8 B A BRI . NIRRT, KK
N MRS B BREE. /INTERUES SR G T
PEAIK K0 A1 P15 SR IUCRAE 2 180 [0 307 2 4k 2
RRO S I, R B 55 3.2 Rt U ——
S I ] (A g O 2% €2 B IS A 4 £
R AR, € U 6 M 5.
*£ 2 RHEEENHR

70 | e
60
50
40 H
30 H
20 H
10 H

0

HERZ (%)

Hep T N R A R A
1 M p* 0.67
2 DRI 0.62
3 L Xk 0.60
4" I 0.55
5 fit & 0.51
6 R E 0.47
7 ZINTRI R o 2 B8 20 Al e 1 0.40
8 KX 5l - 12 0.40
9 X3 E 53 b 0.40
10 RTHIRAME K BE 20 Al e 1 0.40
11 [ 1 0.35
12 W ZE B 0.32
13 RIETT 7 0.31
14 AR DX 3 4 1 0.31
15 RTHIRA w3 2 B8 20 Al e 1 0.31
16 o A RE DX 3l e P 0.23
17 Xt LR 0.19
18 HERES 5 0.10
19 ¢ 0.08
20 SHRE 0.07
21 ANTHIRR MR K B8 20 Al e 1 0.02
22 AH P 0.02

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20224F #5314 121

http://www.c-s-a.org.cn

i H AR SN A

1.0

K5 RFAIE AR i B2 /R 2 28 UM A R

PR AERAT R AR AR E TR ALK DI Ags |

2 FEUFIEICAR, TR 53 RVERE. 9 T SRR LT AR
RRAE, AR SCUCE T LA U 25 5 ANRRAE (10 8 2 R 2 &
BT 0.95, WA ASRFAE A7 FE AR 5 1O 2R MEAH DG
For, 2S00 T BRI L B B A TU A HAE S
BT UL RN, ASCILGIBRT 8 ANTURKHIE: W2, K
DX Al e 18, K TR e A FEE R AR 2, DR TR AR FEE 20
UFPE, /NIRRT, AR, A S PEFIAR OGP,

% 3 NET linear-SVM HIAN [FHFAELL & (4 K 4%
BXF L, A SCEFE T GLCM [IHFAE, GLSZM FRIHFE -
NGDTM HIHFME. GLCM+GLSZM 45 1E 4 & -
GLCM+NGDTM HI4FiE4H A GLSZM+NGTDM [)4F
TEAA BT 22 ANRRE LA T 3 i 2R 2 R EURRAE
i 158 Jo B K ARG 8, Bl 5, B 14 MEFAE.

%3 AFERFEHEE DR R (%)

BT 14 MEFERY linear-SVM 4) 845 BB T, B 22 MF
TEAEHERA RIZTH T 0.94%. ASFHFAELL A 4y 2K 5 1
T BR B PR AE AR 22 AN R R A3 2R 5 s, By
TUARRFHE 22 5210 73 R 25 (I P e

BTRIMASRER, ACEHET 14 MHEAT
N OCERER 4 L R L
433 A[EIEG IR 75 145 AT

F 4 NHUAS 2 ST 5 IR BE 5 2 D5 1R 0 B T 1 A
SREERNTLG. BRT 2R 4.2 1iiRE) F{J 4‘.%!1?57&)%#27‘?725
MIEE 4.3.1 TR S FNLIREE IR, A SCLIESE T
45 07461 6 2 S 1 B L84 7K (radial basis function-
SVM, rbf-S VM) Fil 2 5 2 4% 2 45 1) AL (poly-
SVM)[”] 55 linear-SVM {EXT L. 3 4 (17347 25 5] %0,
linear-SVM 173245 AL T tbf-SVM 1 poly-SVM, 7E
R F AR T 0.94% 1 5.45%. 5H e85
V15T L, linear-SVM BUAS T & i 1 ) 5 M P9 [ 43 2%
SR, EHER R R BEEM FL1 4 5k E]
T 86.04%, 88.27%, 86.18% A1 86.04%. | u1e th
AB Ml DT fEAERfZ F 7 ml# & 1 10.28% M1 10.57%
DLl 5 4 ANJeik i ONN BIRUH b, A SCRT$E H 1
AERE SR T e AT, AR T ARSI VE A k.
F 4 AS-OCT EUE LA SIFIGREE 2% 5] 0 B2 o 1 1 P e

EERRAR AcC F1
GLCM 78.80 78.41
GLSZM 83.42 8356
NGDTM ‘ | 81.74 81.77
GLCM+GLSZM  * 84.92 84.55
GLCM+NGTDM 84.79 84.96
GLSZM+NGTDM 83.42 83.59
BT 22 MR 85.10 85.29
AT 14ANFE 86.04 86.04
BISAMRRE 84.57 84.61
HISAMRHE 84.89 85.12

5 REERIFLE (%)

PIRES Acc PR \ RC Fl
GraNet*" 8510 8564 - 8557 8520
ResNet™™”! . 18594 #8633 8571  85.89
SENet™ ‘-.‘ 8584 8574  86.14  85.84

\Efﬁciei‘ltNetm] . 8594 8627 8610  86.14
. RF 8532  86.64  84.86  84.68

KNN 8227 8327 8260 8242

DT 7547 7638 7522 75.16

AB 7576 8028 7650  76.50
rbf-SVM 8510 8651 8530 8529
poly-SVM 80.59  85.00  80.56  80.85
linear-SVM 86.04 8827  86.18  86.04

3 ISR MRl W, AR B — KR SR T
RIS B 83.42% MvHERfAZE; 87 MBS BT R &
fe e AT LIS 2 84.92% IR, (5 3 FlRFAE SR ECTT
LR AT LA R 85.10% KRGS, M m] 74
T 3 PRFAE SR UL A U7 VR R4 o R HE AR L {5

& 6 4 linear-SVM 1) 52 5 4 1 P4 5 70 R &5 SR TR
TEAERE. o, IEH . R B AN R A N R A [R50 )
N 82.04%. 96.17% F1 80.34%. B JF A W FEREA I H
[ 6 B 3 v T R R IE W PR AR, Hob, BRI E AW
R A AR 25 5 Bl 1 23 I B T N

T BESER A SO VE R T AR E, AR SO T 14
FRIER] linear-SVM J7 VA IBLE H AT HEF?, 35 B3¢
I P T B2 7R A O ZR 015 0 AR R B AT 0
FREGIIE. 3R 5 Jy 4% MR B MK B /N HE T 5 1 A
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8 ML, 7T LUA B, B FERFIESUE HE P AR 2 op s
ik = R HE AR AL T AL AERFAERLE HE S AT 8 A
AR, A 5 DNFFAEAERAE B ZEHE R o A 00 8 A,
W A 30 B 7R 2 A O AR AT R ik B B e S
LA B TR T 70 4R

g 250
g
200
2
s é 150
£
[_‘
4 100
% 450
. L
normal i mild severe
Predicted value
Bl 6 linear-SVM 432525 I VR IE 5E [
K5 FHERUEHT SR 8 AL
i FEAE YIGBLE
1 be] 7.69
2 IR IR FE IX 5k i 471 3.78
3 R 3.44
4 o b 3.43
5 X3 KN J5 2% 3.39
6 B 3.04
7 ANTRIAR 5 K 8 e A 2.90
8 /N S 278
434 it

ARSI T —/MNMER R IA R T 86.04% W H 3l B2
I 11 P 2 A A, R L R 1) A SR
Fy PR T30 Ak 3 05 . 2) A% SO S0 A A
LT R R 1 PO B, EL S AN IR IR
22 B0 () ROR P R 5 1. 3) AR SCEE T 307 B 2K B A
e B MR 23 W7 VR S5 2 9 I8 T 70 AR 9 3545
T EWERR. 4) ASCAE 1 linear-SVM 7 i HEAT 4
HE Y 2 FE AT AR AE AL, 595 B 2 STAR LU B B 1
A AR N A (1) B K i

[, A SO AR K (3R TH 2% 1) R AR LE LA TR 2
1) 7% SC A P 10 B0 45 1) B B0 TR, e 2o
ST A S R AIVR FE 2 3T (A e, (BSCiR [27] B4
UEB T RS2 ST B E K BURAE L i s AR —

18 % it +Ziik Special Issue

FOUR T WL 2 ST 0 40 2545 L. 2) ASCTRALF o B
1925 B R M [ 0 8 4 3 0 5 380 X Sl 0 X 3
(T R A, F7LEAR KB 23 1) 3) AR SCAUSR P 26 13 362
S 7% S K FE SR R iR BRI T SR AHIE. 4) AS-OCT
5 5T B 40 7 23RBS B (1, 8 1 R I
R B A RO SR BB e TR [X 488 11 YR 3o 38, 7T g S8
B R 1 PR 43 2 5 SRR

TEASR, A LRI H £ 1 AS-OCT EE 3
A USRS IE AR SC 7 IR 0 2P D s AR SO ek B
15 PR S8 S ARG A SR BT 15y 3RS S A E S L
RN A ) SRR S T R GE R B 4 2
S ST RV E 5 o] T 2 1 AL B S A AR
PRSP, A ST B 4 L 1 R A 1 PR e 56 3 5
CoWI TR AT R A, R R 1 1 R D 42K A 190 9
R 2 SRR [ T AR

5 divHREE
EExt H AT AR A 5T AS-OCT BUE I R i A A

b H 3 K TAE, ASCIRW 7 — Pl EE TR, K

AESEIL . RRAEGIZG . RRAE S SRS A A0 43 S B

ENEIL M. AE— NIRRT AS-OCT Hifa 4k £, A

TR SEHESIAG T 86.04% HIMERHZEAN 86.18%

(A B, 5 50 ph 22 I £ A R 1k R e, HAHBR T

TR 2 IR ST P4 e O HE 28 B A L0 10 T A e
VERBE > B4R, DR A S e 5B R %
% LAl Bh S A S W7 R TR 1 BRI 7).
% ‘ \."-; ’
\ SE

1SR, R R B 11 PR S R 3 AT S BE
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