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Abstract: In order to improve the accuracy and stability of the system in the detection of pathological tis-
sue samples, and to explore its application potential in the auxiliary diagnosis of thyroid cancer, a multi-fac-

tor cross-module error correction model was proposed to improve the accuracy and stability of the system
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in the detection of pathological tissue samples. Firstly, the main sources of system errors are analyzed, the
error transfer optical path model is established by analytical method and numerical reconstruction method,
and a multi-factor cross-module error correction model with 16 calibration parameters is constructed. Sec-
ondly, the nonlinear least squares fitting method is used to calibrate 16 parameters. According to the error
correction model, the Mueller matrix of the air and blank slices is detected to evaluate the detection accura-
cy. Then, using the unstained sections of papillary thyroid carcinoma and nodular goiter as samples, four
vector parameters (A, P, D, R) were extracted by Mueller matrix polarization decomposition method,
and the texture features of each vector parameter image were extracted, and two classification models of
random forest and support vector machine were constructed to obtain confusion matrix and ROC curve. Fi-
nally, the classification effect was evaluated by calculating Precision, Recall, Fl-score, and AUC. The
experimental results show that the calibration accuracy is increased by 12%, the calibration stability is in-
creased by 21.5%, and the detection accuracy is increased by 59%. The classification effect of random
forest was better than that of support vector machine, and the classification effect of A parameter was the
most significant in random forest classification, with F1-score and AUC reaching 0. 96 and AUC, respec-
tively. Combined with Mueller matrix polarization decomposition method and texture analysis, the pro-
posed multivariate error correction model can effectively distinguish papillary thyroid carcinoma and nodu-
lar goiter samples, which provides a new method for early auxiliary diagnosis of cancer and has a good ap-
plication prospect.
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Fig.1 Polarization imaging system detects the optical path diagram

S = Msn ;Mo M e Sesi » (1)
Hop . SRR 14538 38 5% AY Stokes & &,
M s, F27 5 138 18 X . Mueller 25 [ , My, o m i
TR T A Mueller 8 [ , M. 3% 78 BRI A 9 B
A Mueller 5 F5 , Spse A PSG B He 34 i1 i 41 O 1
Stokes & .
H T CMOS A #L AL AE 471 4 35 B 5 15 2
K Fr i 7E BUE 5 b, G iR (S B AL S Mueller
JE R 55 — AT 4T ] B AR DG, IS i 25 S Mueller
B Mpsn Moy (055 — 47, 2180 4 X 4 B 5 19 A6
BB B Apsy, BUAS 8 38 S, Ot 5 G 2 41 AL 4
JC A ) &L, % (1) AT AR 4 15 2] 38 AL
iR
Lo = Apsa XM e )X Sps ©

A ;s]\ X 1= Msample X Spsi- (2)

Hor 2 Spge S50 0 Bl S O 4 25 R IR RSO Y
Stokes K it , I, & 5% i B A G R 8 F B i R AR
IO Y Stokes < it o R i B E O & R4S 2 9
PR SURE A B A B AR R XY Mueller 5 [
T B Mueller M 807 BIR B E J5 72 19 8
FH /N Z e g n =X (4) i s
#=(B"B) 'B'y. (4)
Mueller % B fi 41 28 0 B8 R 48 F 250 R =

TE R 25 6 iR BB B, X i A7 1Y) R 2L PR 0 14
AR By 4 K 1B R AT TG U I R A A B T
TR B A ZURE AR 6 19 Stokes &, AT A
il A5 56 Stokes % it # 37 X (2) BT 78 Mueller Ji
W SR il R B ST A A IR IR SR 0 5 B A
TR

PR P 2 1 B A~ A5 3R AT O I A4 00 o A AR
B — /N 7 DX, DL AR BRI IR A0 5 R 42
Xt 77 FE 2H Hh Mueller i BE 3F 47 Hn B AR 3, 2 T X
(3R KR EH MG W y=Bx 098 & 7 &,
Horp x 2R 1Z B0 5 Mueller i B4 4 70 44 1% 1) 571 1)
a1,y Rn PSA B A OGHY Stokes K 2 T
ELHES A R 4 B 1] i, B o AR B PSG I A6
Stokes 7 i ¥4 & 1 4n 17 16 5 19 R FCHEBE: (0 9 A
SEEEE6) o T R

x=vec( M gy )
y =[yl,y, = yl, y=Aslw,, i=1,2,,n
B'=[B!,B;,-,B,]
S (3)
B — Sscs . i=1,2,
Srs
S'pse i

KA : PSG,MD I PSA, WNE 2 iR .

PSG i LED FI IR , 2843 1 i 555 1
BJE B R T B 1 5 BN 5 O i B 2 i A
il o AT PR A A I PR A B Edmund Optics 4= 7%=, Y
5 A5-667 , F AR B I 1) T LA a8 1R A >k ek
A% . B8 B BEAT A A A 1/4 3% A B Thorlabs A2 77,
5 AQWP05SM-600, H: GE % 3 18 i 28 A1 3 K
P ) e B 6 FE R B o MID R B ) 3 4 AR A



45 20 1] LG, A5 AR 2 AU AR IR AR B8R 25 K OE K R BE AU 3167

5 IR OB T EIER . PSA BIHR FH 40 B 8 4G I 92
HEAT [R) BRI, B35 #RI EAE 28 fh 34 o ke e
Gy SR HEN A AR GE E I =S 58 1 ) O
PR F 43 AR 0%, 60° 5 120° 4k e 't 5% , — /™3l 18
AR ARIR 5 1/4 0% R A 3R BCRMR D 3 15 L
Sy R W R Qi 3 TR o DU A GE R A
CatchBEST 4 7= iy CMOS 5 il 41 #L , % 5
MUBEL30C, i i3 = 5l 7 £% 4 %% e F 47 3 0 £t i
FOLEOERE B MRS 1/40 R i E TR
AR 1R, CMOS ML 3= 21 e 2 Boin %

P2 Mueller S i R 4RI 1% 5 56 5 4 ) o
Fig.2 Actual image of the Mueller matrix polarization de- T 4R A% 2 55 % JH BB 0,3 S A BHL B 4 36
ZIN =2 PR iy 2]

tection imaging system

YU, 7 400~700 nm 37 Be B A KGRI ACR
S o E 5 R 0 6% L A8 U
9 AR BOR AR A L T4~ g g S 610 nm A9 208 38 38 4 0 B9 R
21 8T S T X R SR TR g

45° polarized outgoing light . o
A 1.Non-polarized spectroscopic prism

2.Relay lens

3.120° directional polarizer

M N 4 Non-polarized emission of light prisms
\\ 5.Relay lens

6.60° directional polarizer

7 Relay lens

9.0° directional polarizer

‘\/,l\ ) — 10.Relay lens
+ 12+ 120° polarized outgoing light 11 .Quarter wave piece
\‘\ 12.45¢ directional polarizer
Natural light incident 13.Translation mount

60° polarized outgoing light

0° polarized outgoing light

o

B3 R R

Fig. 3 Tllustration of the amplitude division “*"”

x1 RIRFRUV4ERBERSER

Tab.1 Performance parameters list of the polarizer and quarter-wave plate

Main parameters

Device name

Wavelength range Other
Matting ratio: 1 000: 1
Polarizer 450~675
Polarization efficiency : >>99%
Delay accuracy : <<A/59
Quarter wave piece 400~800

Phase delay:7/2

®2 MAVERESHER

Tab.2 Performance parameters list of the camera

Resolution/pixel Number of pixels Pixel size/pm Spectral channels Frame rate/(fps)

1024X1028 8 5.3 R,G,B 60
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Tab.3 Texture characteristics and meanings

Calculating expressions

Meanings of characteristics
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Homogeneity = EEﬁ p(i,j)

Reflect the differences in image grayscale values

Reflect the grayscale correlation of local regions in the image

Reflect the uniformity of image texture

Reflect the frequency of changes in local image texture features
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(alz/)2+(alii/)2+(al4,)2 alZ’ alB/ 6114’

[J—
SPSA -

(azz/)2+(a2:s,)2+(az4,)2 azz’ azx/ a24’

>< IO[“' (20)

(agg’)2+(a33/)2+(a34/)2 asz/ assr a34/

a7 (19) (Z(20) PR AT 45 B8 OE )5 £F
DU RE A (1 Mueller 5 B 7 B2, 3K ff 05 #2452k
M REA Mueller 55 M 507 5 . M EE TR 4
25 R A AR A 0 AR 5 2 A TE A AU 55 5 ) PR R
A, SEBRAR E ROR M T X 22 4S80 1 22
REIE B — 7 R B R TR IERUR s R e, A
T 25 M8 I R 30 o Xof A T 2R R B 2 R BRI T
BB RIS EOE S $E 0 T bR i RRE
PE L — i B> T bR E SR AN R
74 ] IE AR R TR B6F % PSA 5 PSG WA B gF 47 1%
FEAGIE T LA R 0 2 85 AR AL 5 R 1) 45 i B 2
BORVCC [m] 80, F— 2 R GERE

4 IEER
Rl 28 ke /D — T DL 0 % B R AR

GEHEAT 22 R RE S0, A 1R 22 K TE A T B A S
K RE 55 G M, R T 56 E R 22 R I A A Ay AT

(a42/)2+(a4s,)2+(a44/)2 6142/ 443/ a44/

Mk
4.1 BHREAFR

PLAS SR D AR R DU BE AR (Mair=E4) #E 17
WoE, AT ARVGESHNRE BT
A 1A A% 221 AR AR AL S 800 ok AR B 23 52 i 2]
AR RBUEME R S8, BOE RERMRE S
J&i 3C Mueller 4 B 28 DU 75 28 R 35 — 20, ¥ @ 480
5258 6 < FHLIBE AT S H0CR 400~800, R 4
%5 K 60~180, Hk4AHE Wi & AL ER,HF
J 2 DU E A AL BRI R . R E IR B
PRI A5 5 S, A TR o BGCR 4R LR A
BB UA = e AR

TE B R BE B B, 45 il i 4 R 1/4 3% R DA
60° [B) b 2k 57 5 5 e B HEAT 22 A B L B2 O iR
e 6075, 1/4 B LA 60° A 8] B Jig i 3607, BfI
B2 R R BE RS — K, 1/4 B R i SRS 6 Ik L 1E
BB G e IR A T % R A 3 AR RS, 2
P Fr e % 36070}, SR AE TAEE k. —Whne 2%
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Fig.4 Polarization imaging system calibration process

5 432 JRRM I Jr FrHE bR e A, AL H AR R AR FR O

TE A% b BB B, X 432 3K &/ 2R A7 G R
HE PR R RRAE A PR TR ERR A
SIFT 5 AiF e o 325 % b 3 4 8 9 S 1o & A
TE ROHE AT A B, A5 51 F L 2 P 4% e o 1) 728 4 4
WA, I ) FH 12 A o 0 I T TRl 4% SR 4 B B Y 432 3K
PR R A7 At e PR AR T o I AR R I O o7 152 22
SR AR TR S ' [ — 4 00 3 1 1% 3 ke PR kA 7
BIE A, BEARAH LM BE LR 25 o 2R 5 X Ak
PR 2R A7 o (R0 O Ak B S B R L A S RO R
L 300X 300 1K B A8 15 F IX 387 20 3 7 ol
SRFEAF(E .

1B LG B B, R AR 4Rk B — T
B ERES . UPSC iR A5 1/4 9%

5 AF {8 LA &, R MATLAB H 19 1sq-
curvelit BT LG B8] —4 16 1SS
pE
4.2 FREZLW

WS T EE AT /KRG AR L5
53990 R T PR 3ok 25 4 1T Y 20 2 80bs s B AL
WU 16 28005 25 A IE ALY X /A SR AR B A
TG UG RESBWENE LR, L
1R S8 5, T BB R FH PR e R vk KB 22
O WA R BV AE , A WIE N 2 5608, 25 46 U
MERBA VAN ABSES MD B 0 4b
S8 2 AL, MD HY 1T G ' 8 R R ' 5 1R I s
5,290 20 W/m*,

F4 TABSEESETSEENAME
Tab.4 Fitting initial of the 16/20 parameters to be calibrated

Para ay ay a'y ay ay a'y a'y a'y a'sy a's
Init_16 \ 0.25 0 0 \ 0 0 0.25 \ —0.125
Init_20 0.25 0.25 0 0 0.25 0 0 0.25 0.25 —0.125

Para ay a'y a'y dy ay de B/ pJC) A 0./ (%)
Init_16 0.217 0 \ —0.125 —0.217 0 —47 —7 1.05 90
Init_20 0.217 0 0.25 —0.125 —0.217 0 —47 —7 1.2 90

K 16 2B EEM ARG EAE NS
B, 20 Z80hR 8 i A ARTR B T AME S B
4.3 HREHZR

Ak 2 P f /D A L5 19 5% 25 °F- J7 R (Sum of
Squares due to Error, SSE) J& ffif & #l A %R 47 38
1) — A H EAE bR, SSE /MR G RO LS, o]
PAAE S DFAli b 2 S 56 K5 B2 (9 98 B 5 A5 1 22 (Stan-
dard Deviation, SD) /2 S W48 i H (i A2 AL 72 12 1Y
— A EEEAR b U 22 B/ R S B0k B R R R
N AT DAAE SR PP A A 2 S S A E PR R AR AR

WE SR, R 16 2 802153 3 1) SSE F
¥I{E R 0. 009 687, K F 20 2 ¥k 15 5 (1) SSE -
BIE M 0.011 018, 2 i J5 o5 & 6 E A 4R &
1296, 3% 42 %2 PR Sk ol i J5 4 15 25 A TF A5E AR T
5 WA PR32 4 T, S PR b SR A Y T X 22
NBHAIRZERIE, H ] DL — e B B4R
LA &

WE 6 Prs ok 16 S 80k 47 bR @ 1 fae
HHBML T 20238 Ek. S TFAEETS
¥, 16 2 B0b5 i B9 SD - 14E 4 0. 006 776, 20
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s A b s S (135°,2407) o ARAZ(4) 3K il % 7 F fie /) — 3fe
X J\IK s 58 LI 5k 25 F 1% X . - N .
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Fig. 5 SSE comparison of 8 calibration experiments . .
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Fig.7 Mueller matrix imaging of air

T+ 58 18 Mueller 55 B £ B JT b oG X R
&, 15 3] ¥ £l Mueller %6 B € 5 ir /v, H o
RMSE "™ % 75 1A% Mueller £ B 5 388 8047 X
S B X 7 AR R 22

gE R FM Fe b 34 A (1) RMSE #H 22
AR, Mueller 5 Bf: 5 A% B 70 1% 25 7] #2178 0. 015
PAN , RMSE {5 0. 011, #H b i 25 20 2 5 v}

K FH AU B R0 B I 04 565 7S IR s 7 485 2 % i N ERI D7 219 0. 0265 415 T 59 % .
R5 =HFE5Z=AYVIA Mueller 55 R 45 &
Tab.5 Mueller matrix detection results of air and 2 blank slices
Sample Air Blank slice 1 Blank slice 2
Evaluat- 1.0000 0.0015 0.0038 0.002 4 1.0000 —0.0041 0.0093 0. 0009 1.0000 —0.0031 0.0151 0.0037

ing Muel-

ler Matrix

RMSE

0.0115 1.0048 —0.0000 0.0048
0.0084 —0.0146 1.0007 —0.0190
0.0028 —0.0152 0.0216  0.9970

0.007 9

—0.0127 0.9895 —0.0078 —0.0038
—0.0173 0.0038 0.9761 —0.0179
—0.0055 0.0015 0.0230 0.9876

0.009 8

0.0119 0.9802 —0.0216 —0.0092
—0.0246 —0.0172 0.9710 —0.0246
—0.0056 —0.0126 0.0308 0.9770

0.0147
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6 W OKAR R PR 4 LR ] 5 B

S R R G (Y 2 Fh A1 230 AR AR
391 g BRI 7L Sk DR A8 A ZUD R A T TR AR
i Tl 2 ZR) B, v AR i 7L Sk IR B (Papillary

Thyroid Cancer, F 3R F 95, PTC)20 4575
P HUIR B B (Nodular Goiter, F SCEFREEH ,NG)
15 7, SEIR HEAS R 3% 2 TR 22 B I v B B s
PR A H ) B Ry 5 pm, W BT 8 fif 7, 1
KHEN ALY Fr .

(a) FUIRBREL IR
(a) Papillary thyroid carcinoma

(b) 575714 FAR A e
(b) Nodular goiter

F8  HURIRALZUN e @ REA

Fig.8 Thyroid tissue is a stained sample
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:

Obtain forty-eight polarization images
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| Register forty-eight polarization images |
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to obtain the Mueller matrix

!

| MMPD extracts vector parameters |

l
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End
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Fig.9 Experimental flow chart

AT IR ZRE SR BT R BE R R Ik A
1/4 9% R VR 12 B0 RO B 24, 3R B 48 sk # i 1]
8, 6T RN PG R A7 T o, R B 45 B 0 1R 22
1 IE S 8O BEAS ARG 5 56 1 Stokes & &
PEAT R IE , £5 2) AE AN B X380 A9 Mueller 7 B4 42
SE R SR iR G R AR B B A1 2RO 25 R 1
Mueller % FF , 5% Fl MMPD 75 32 75 2135 ] [X 35 14
KESH B RESH A it A—1bE,
43 B 5 3] RGB 25 [i] v A= 2k o 2 50EE,
B10 BT s o 4 B3 3 i 3 5 A U R i B 4
A SO RRAE , JF ] RF 1 SVM I it 43 28
X AN [R) 2R 2 500 SCBUERAE BEAT X L A AT
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2 150
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(b) 4 of NG
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(c) Pof PTC
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Fig. 10 Vector parameter image

7 B HT

7.1 HETAE

RF Fl SVM 43 2 25 18 I 1) B 8 WL ) 81 2 —
B AN AR SR O R I R R T
2] BN I T A R, DA B2 M 43 2 o
o WNFR 6 s , A S5 T A EOHE SR A AE R
S AL, PTC AL 5 1684~ . $04E NG REA L &
126 S B , R AR 35 PTC 2 3035 9 19 R 1R %X
Pt AT L SR B AR BE B A DB Lk
B B0 A2 28 BT A 1 B L 2 7 R il SRR I I B
P

Fo GEMNURBFEEELNHE

Tab.6 Number of training sets and test datasets by category

PTC NG
Number of training 168 126
Number of testing 72 54

x7 SRERNGEMUNXBEFEESLINBE
Tab.7 Number of categories in the training set and test

dataset after oversampling

PTC NG
Number of training 168 168
Number of testing 72 72

7.2 gt i

PR 25k A% v ok A% I R ECR S5 5 1047
LEIER B B S G . R 8K 973
i RF F1 SVM 432 i & 2 808 i Y 2R 82 45 3 1Y
BILESBAE .

*8 RFOEBZRSUKRMLESHAS
Tab.8 Optimal hyperparameter combinations for each pa-

rameter of the RF classifier

. Min_sam-
Parameter n_Estimators Max_Depth
ples_leaf
A 1 000 10 4
P 600 10 4
D 50 10 4
R 800 10 2

®9 SVMHOXBESHERLBSHAS
Tab.9 Optimal hyperparameter combinations for each pa-

rameter of the SVM classifier

Parameter C Gamma Kernel
A 0.1 scale rbf
P 8 scale rbf
D 10 scale rbf
R 6 scale rbf

7.3 HBRESH

>R F VR VB S B %) RF R SVM 7 it 432 85 11
3 RO AT VAL 38 T A S E ) 3 (Preci-
sion) . A [ % (Recall) 1 F1-score 25 ¥4 $8 ¥ , T
Al AN ) i % Ok £ S 50CAE X Ay PR AEAS v i R 81
ROC W& AE N — oo/ B AL By 8 2EPPAG TR,
e 1 o S A TR AN [ T 3R (A N ) HLGE % (True
Positive Rate, TPR) 5 {& 1F * (False Positive
Rate, FPR) Z [l 2246 5C £ o I T I FL (Area
Under the Curve, AUC) I $2 {1 X #52 74 %% {4 3]
i BE TSR Ak T, AUC (B8R, 28 PR AU 1 43
FHE Ty B

Precision—= 4 (21)
recision = TP+ FP’
TP
Recall = ——, 22
TP RN (22)
Precision X Recall
FI-score=2X (23)

Precision + Recall’
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- TP
TPR—W, (24)

- P
FPR—M, (25)

Hooh . TP A B IE ] ( True Positive) , B AE AR (1) &
SEZE B2, JF HLR R TR Y 45 SR A R IE 2
FP # /% IE ] (False Positive ) , RIAEAS () B 522K
R 1 28 (B AR R S IE 28 s TN R B
i (Ture Negative) , BRFE A FL S22 51 4 125, IF
HABE AR H R 5 R 17126 5 FN KR i 67 9] (False
Negative) , BIFE A (1 B 5228 51y 51 2 (HABE AU 4
HARGI IS

A RF F1 SVM W 5325 4 % B g 5 45 1
FEAS 9 AN 7] i 41 2k o 2 B0 S0 B R AE 04T 43 25 0F
i o ARG R 5 i I 2R AR 5 MK AR R 43 O &8 L O
K3 6 3R 7 R i i Ll 2 80l & 76 DI
LISy KPR, R 10~K 13/ RF 4 K &%
K SE SO EAE DR AR L R IRIE R B, 3 14~
17 SVM 43 2 4 45 2 80 S0 L RRAE A5 ) K 42
B RE R

#10 RFDEFJASHNRXEREHER
Tab. 10 Confusion matrix of the A test set of RF

Predicted class/  Predicted class/

PTC NG
PTC 69 3
True class
3 69

F11 RFHEFBPSHINIKEREER
Tab. 11 Confusion matrix of the P test set of RF

Predicted class/  Predicted class/

PTC NG
PTC 58 14

True class
NG 33 39

#12 RFHEFBDSHININEREER
Tab. 12 Confusion matrix of the D test set of RF

Predicted class/  Predicted class/

PTC NG
PTC 53 19

True class
NG 7 65

0 T VA 2 R A 5 (21) ~ K (23)
18 4% 2 A9 Precision, Recall, F1-score & 34

#13 RFAEZ[RSHEINAEREERE
Tab. 13 Confusion matrix of the R test set of RF

Predicted class/  Predicted class/

PTC NG
PTC 62 10

True class
NG 8 64

14 SVMOEKBASHNRXERBER
Tab. 14 Confusion matrix of the A test set of SVM

Predicted class/  Predicted class/

PTC NG
PTC 65 7
True class
NG 11 61

R15 SVMAORBPSHNRERBER
Tab. 15 Confusion matrix of the P test set of SVM

Predicted class/  Predicted class/

PTC NG
PTC 51 21

True class
23 49

£16 SVMAHERDSHNIXERBER
Tab. 16 Confusion matrix of the A test set of SVM

Predicted class/  Predicted class/

PTC NG
PTC 65 7
True class
NG 21 51

F17 SVMOEBRESHNKERBEK
Tab. 17 Confusion matrix of the R test set of SVM

Predicted class/  Predicted class/

PTC NG
PTC 65 7
True class
18 54

B, 5% 18 fr 7~ . Fl-score J& Precision fll Re-
call R A0 32 850, DRIk, 78 PP Al A8 R ek B 7 4> 45
Fruim H . IR A LUE 1, 2R MR B AE X
oy U ASS AR 76 RF 202K & h A S5
RZH) Fl-score ik 5| 7 0. 85 LA |, F W 4H 4
P2 Z 5 A M R Z AR Y SCHRRE R A T
FARAY P SO D 280X 03 W SR A 1 P g

EEAL, Hoh D Z 800 Recall iU/ 0. 74, F W D
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Z R MG 1) S0 PR AR FE T — AR AS 2 A O H
P, SR AERAIMG . FESVM p e R P
ZHVIAN ,A,D,R K Fl-score [HIIAE] T 0.8 L)
I B 5 RF 288 M1 1L, A2 500 F1-score {H
Yyt 250N, 3R WY AR BAT R [ 6 i 2 8k R R a0
FEAE 73 JAT 55 I, RF 73 2645 BIROCR I T SVM 2p
Ko

K18 REEERERSEEREITMG

Tab. 18  Classification performance evaluation of PTC and NG

Sample  Parameter  Precision  Recall F1l-score

A(RF) 0. 96 0.96 0.96
A(SVM) 0. 86 0.90 0.88
P(RF) 0. 64 0.81 0.72

PTC
| P(SVM) 0.69 0.71 0.70
D(RF) 0.88 0.74 0.80

NG
D(SVM) 0.76 0.90 0.83
R(RF) 0.89 0. 86 0.87
R(SVM) 0.78 0.90 0.84

R4 =L (24) A1 (25) 31 5 JF 2 il RF #I
SVM 43 25 4% ROC M £k, an &l 11 F Al 12 P o
M HfR] LU DA O 2 B MR 1 SO AR
Y RE A R b X 43 Y R4 P REAS  Hop  RF 43 2%
o A S BRGSO AR Y IX 5 B8 Bk, AUC
HIRE] T 0. 99,3 ol fgJ& o A S804 B J2 Al 2
i 9 6 7E T 28 212U D i bR A AR AR B Y 4R A
Xof HICSS S A2 IS R A2 R L A L D e g R
B, i g R A bk B BN R Y 2 ) 25
KA A S HEMG ™ A B ) SRR AR Ak T 2

ROC curves
1.0 = —
08l
v 0.6
(=9
[
0.4 —— D(AUC=091) |
P(AUC=0.80)
0.2 —— A(AUC=0.99) |
—— R(AUC=0.92)
%90 0.2 0.4 0.6 0.8 1.0
FPR

E 11 RF 4288 ROC i1 £k

Fig. 11 ROC curves of image texture characteristics of RF

FHREAS 0 53 -3 . 5 38 16 o F1-score {E AH [A]
RFE KB H WA R ESHNAUCHY & T
SVM 43 & 4% , B IR 3R IAE AT A 7] 2k 1 2 ]
1§ U BLFRAE 43 254 55 B, RF 3 R 2 M BCRIE T
SVM 53 %K i

ROC curves
1.0
0.8
» 0.6
=9
F
0.4
—D(AUC=0.84)
02111 —P(AUC=0.80)
—A(AUC=0.97)
0.0 —R(AUC=0.84)
0.0 0.2 0.4 0.6 0.8 1.0

FPR
F 12 SVM 432548 ROC £

Fig. 12 ROC curves of image texture characteristics of SVM

25 LTk, P9 IR 5% 2 MR 500 A0 B R
AIEAE P R A4 F AR A I SR RE 20 248 3%
Rl T SVM r k4%, JF HAE RF 2648 P A>
R>D>P,

AR SCER X Mueller 5 B f 8 A1 R G2 5 i)
A 6T 5 G AR RS B R 22 R R 22 2
T —Fh G — @B PSG 5 PSA B HLR 2 i Y £
N R SRR 254G I i o ST IR LE A H IR T IR
PR A% 22 G0 P R e 1) R BRI 1R 2%, S T
FIREOCSECT ik RO LS B R 25538 T
FELE T —MES 16 S5 2 N R AR
FERGIERERY ) F AR S 1 d5e /> TR 40 vk X A A
i 16 S HGHEAT T B G AR S, 45 R KW, 16
ZHObR 22 AR L 20 2 80b5 0 TR b e N R R
12% FRERE MR 21. 5%, AR IR2ZE K OER
TSt i AR AR 28 GE i AT 1R 25 4 1E SE 56, FR 3R B
T ARG WA A FAREAS ) Mueller 5 FEECT S
SR, =41 RIS 2 9 Mueller 4 14 E %
WAL 48 8 RMSE F3{E 4 0. 011, #H Lk 20 Z 545
W7 4 T 59% . SR AR B £ K
RIS BEYR 2288 0E 7 vk i — D B AR T W PR 18 R
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Bt 4k B Mueller 5 P07 KRR 22

B X PR BR R 2L 3K R g A0 45 9 R FRORR R i
FME A 43 25 o] L e I B0 R S 5 . A5 AR R
RF 73 28 4% 09 73 JEROR ML T SVM 43 26 4%, 78 RF
G AEAR R TR [ 3R 0% i 2 500 SOHARTE LA
Fl R S 50y Sr PR AFRAE GE 2 B 8 X 43 9 45 H
BEA, Horp A S B0 Fl-score 1 AUC 43 51355 T
0.96,0.99,

A B9 38 oF 525 UE ] T MMPD £ HUAT A,
P,D, R K4 Z 8007 LI T X 43 FOBR i 2L Sk R
FIVZE 5 B R R i, ] LS B R A AR ) PR s [X
gy B — 5 I R I g o

Ry it — 2 B UE AR i AR s 2 WA AL
T — 5 S K A iR Ok B S BB S AR g AL 4y
Brés R (I HE e 0 Y) i 5 g 4k o i) i 17 =8
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