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Ultrasound Thyroid Images Classification Based on Local Texture Features
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(1. School of Information Science and Technology, Southwest Jiaotong University, Chengdu, 610031, China;2. Department of Ul-

trasound, Sichuan Academy of Medical Sciences, Sichuan Province People’s Hospital, Chengdu, 610000, China)

Abstract: To accomplish the automatic classification of thyroid nodules, the local texture features combi-
ning with the multiple instance learning method is proposed to overcome the overlap of the thyroid nod-
ules. The local texture features are abstracted from the region of interest which is taken as the instance
package composed of local features. The citation-ANN algorithm of the multi-instance learning ( MIL)
method is adopted to classify samples of this paper. Experimental results show that the identification
method has higher classification accuracy and the accuracy achieves 85.59%. It is expected to be applied
to the clinical diagnosis of thyroid, and provide a valuable reference for other related domains.

Key words: image classification; multi-instance learning; GLLCM; ultrasound thyroid image

51

i

R R BR S 5 7E I PR b+ 23 UL 38 8 20 o 75 B AR PRI 2519 1) O R O 1800 ~
6590 Horh HUR IR 5 500 ~1526"" . B HAT JC B 2l 25 F B A 5 45 . © B AR IR 45 9 A i AG 2
B RE I o I A PRI I PR 43 T 5 I AR PR AR s ) 0O SE . B RS AE A2
Wi AR HE A [R] - ik = PRI A5 AIE 1) S R B DA R o SR R A 22 S TR 5 BOAS [) % A 60 [] — o 491 149 12 W
LERAFAERE ST

ESTA - EEKHRPAEEA (6117504) B8 B35 H 5 7155 8 5 PR 117 31 45 55 50 25 JF i 4 (CQ-LCI-2013-06) BE B0 H .
Y5 HH8:2014-03-25 ;{817 H#8 :2014-05-12



RO FATANRKESFENREFTRREY R 187

A R 0 0 26 © 29 12 M T I BIE L LR 55 A A ) B 1) T E DL B 2 Wb o {EL el T R
A 2B W S R A 22 7 2 U A 25 Ao T 51 R A7 5 DA AR 3R BRI RE 5 2 e R LI A Yy LS
Lo P FR M 457 RS ) R P AR M DX o 3 308 P SR PR R 912 W b B (e BR A
L & A 0 P PR A PRI 45 5 RS R R A 0F 58 B A R B B T SO S PR (L. A SR T 2 7 1
5 o) J5 1R S B RE AR AT R 432

Z s 5 S LR RO O s A A o) VI A o) AR S D IR ER 4 ML dR A I HESE . AR —
MRERR 1 W 1R 23 2675 1% - 2R Bl 2 o] H AT BORI T 25 Wi R T B2 0 R R LA R T
SOOI OAR G RN MG Sy 2 A U L AR S T 2 R ] 2 2] v N S0 B RE AE 4R RO TR AR 5 A 0T B2
JH A FOPR 2515 BB AR I U0 52 B RE AR 1 A 232

UTAE AR s 2278 ] 28 2] ORI 22 (9 9 00 31 S LA B2 W D5 i SCRRL A DR CAD AR08 — A~ 2275 il 2
> B BEATWE TS 1% 22 78 9127 ~] 1 /0 85 00 4 R OK i B s B . R 48 22 /8 912 o) (B se— 4, B IE
40 rp 34— AN IR S Bl T B s 2 D G SRS T 28 78 Bl ~J 7 3k T M g PEL AR ) 0 26
s it Hausdorff 1 Bk T332 75 4 60 22 8] B AR BLRE - DATITH 22 78 B ik e S5 280 /s 49 60 45408 PR AT Ad-
aBoost Bk %) I 42 JURFAE HEAT Ve PR OF A 0 et

e PR 5 HCFD 8 P PR AR PRI 5 it IR T SR BLAE Speckle M R 35 45715 11 GBOM L 3 A 4 2k
AR L BE S AR o A5 SCHRE6 ] e (ol T RUE 23 ] B A 47 10 BR K0 7 15 S B T MR 6 Wt A T 9 il
R T M 22 S5 5 AR BOMR S 30 %  SCHRL7 1e 3 of 45 — 4> B BRI 445 719 DX I 4 B 7 i 1 R 3 3 2R
PR IE 13 EHRAE SR J5 A SVML NN 1 Bayesian 43 85 5080 1 HUR IR 4515 194325 . Liu Bo 48 A A
JRVIR B 3 A R I A DX 20 8 P R 1) RSBV o AR ST Se ok 20 350 O 0 A 80 A 9 DX o DU M R X IR (Re-
gion of interest, ROD . #RJG 78 ROT XI5 5 19 5) 70 A3 B4R 3 mi A D 0 28 i AR — A 03 28 il A Bk
P i B 0 R M A e 0 Ji P (LA O 0% 20 2R S R R AR B . i el X ROT X8 b B A 23 288 0 18
R 52 B 9 XAl R M 1 42K

1 BEEyEFIES S REFITE

1.1 IREHAEEFEREFE
e A1 R N s e A Rt s = = 1 D I T I (R I e 1 D S O 8 A T e - LW i
AR AR IR A AT R AL B R S . REZEUE 0T » R 455 AT M 45757 09 P &8 [ 7 A
AR AR [FIBT B T8 75 R % L B2 R0 o3 B R 31K L 92 % B s MR 75 O W) T A i /N
AR N BEERH RN W T 4R B A N S M AR R 4 M 4 SR (e R AR R A IR
KT G B R LA Ao A R 3 ] 7 AR TR R i iz (R A E R Il R RS E R R S
Pk M R ROV AR S R R R R S R A R R A T 4. PR Rl R R BN
B BCIRRAAE . A SCE SR X3 ROT &) 432 K/ ) - X80, 38 2o 46 1115 2810 48— 4> 7 X
R BE b A R I BRI A 9 45 A R A i (A O R AL R S T Y 22 R 01 ) A S A
o X ERBCHLRRAE 01 38 5 o0 GE T TR R 7 i R ES A AL Rl R 7 0k .t T ST R O ik v B B
VAT A B — R I B SO g iR vk . LA M LHE B d TR e R BESR
BB AR B BN AN SR TR BE ) 43 A R A B B T ELE R R R G A B Ay A R 2R
KGR B AR A I Z I SRR AE T R 8 S
((xyay) s (2203:)) |
. o x, — x; =dcosl,
Cd.0@i.j,d,0)=# o — 3, —dsing, (D
I(xysy) =i I(xy53,) =]



188 HERE LS L Journal of Data Acquisition and Processing Vol. 30,No. 1, 2015

A ooy il (o) HEGHRP AR R S 1) IR RIIKEAE . = R0 2 5001918 R 3 A
B ARSCHI 4 A5 1 (0°,45%, 90°, 1357 .4 MBS (d=1.2.3.4) 19 16 AN ILAEFE I T i =
e I DR A G A0 5T R 16 9000 B A A T 58 3 A 0 1 O DU RE 6 A4 B v 32 3RS I8 1 (Entropy) |
T b B (Contrast) 3 5) P (Uniformity) Fl4H 3¢ 4 (Correlation) 48 4 4~ @4, H b, Contrast & & —
MG R T R R X L BE 5 Correlation Sk 4 — > 15 38 F0 L J] [ 45 3R 9 AH DG F2 B2 5 Entropy JH 2K
iR R AE U8 0 °F- 2445 18 & 5 Uniformity FIR M & — S50 R AR B R A RIRR BE . X B i 3t 58 07
Lo 5 R 2~5) iR,

UNT =S (pGinj) ) (2)
ENT =— 27 >1p@j) log{pGiaj) } (3)
C()Nzinz{i]i)p(i,j)} S

i=1 j=1

A [i—j=n, HEBGEIPRERMERAZL N CONBR. M THRIABM, pG.j) BEPEE
XA R B X EERE B (R /D

DIDS gy * P (if) = *
COR =+ (5)

0. %0,

b pGag) HH—IER T s 1oy 000 50, 700100 PR P B (E TS 22

Pz ()= > P(i.j) (6)
Py ()= D> P(isj) N

A b 53 SEREAE S e 1A [ 2 000 [l 7 R o 7 SRR L 12 0o ) DA R AU F o i 7 1 4% f) S0 B A T
TR RAT T B OCR
UM AE SR IO B AR T IR R RO (DI RS DR B R, 23 B0 d = 1.2.3.4.0 = 07,457,907,
135° B 16 AR BEILAE R . (2) TH 54 A IR b A R I A 0F LU B8 A S VIR (R L 28 20 B2 L O R R SR A5 1Y 4
AR BE S A FE R 1 4 A AR AR FOBCGE R A D% 8 1 A SCRRAE L I8 A 64 D SUHRRAE .
1.2 % rfi Citation-kNN & ik
Z 7R Bl 2] B Dietterich 58 A 785G F 45 1 M B0 o) 85014 BF 5% B9 15 U4 4 o 227 31l 2 20 0T DL X
FERE IR U B0HE B vh B — DB B — - A B 24078 Bk A A A — AT W RIAR 46 A v
B 7S B B B W bR . AR AL — AR A D IE B R B DU B R 2 A IE 5 SRR R T A s ]
A 2 A 2 B 1 DU P R 25 R 7
Citation-£NN 55 7 1 B A AR J2 oK NN B3 o7 8060 1 )22 0k o T3 52 1 O 0 0 — A% ol
A3 I50I0 s Sy 5 484 I 1 v R A T B ) B A0 I AN AT TR XS AL B B R kA B RS Bl Y
AN BIBRIC » ) I 25 JECRE X A A Ry o 4B G 3 A BF B8 dR 0 A ¢ ) B AL Y B e« AR S 0 4 S A
R#FTG . B A={a ayraisa,) FIB={b, by 2b; 10, ) 53522 2 AR UL, a0, € R (1=
1,2, sm) AL Hh R 4, 8% J5 38 33 Hausdorff 5% (Hausdorff distances, HD) 3315 £ 7R il 4 2 8] (1) AH
U HD #5€ L h
HD (A.B) = max{h(A.B) .h(B.A) | (8)
Hp
h(A,B):r{lgax mina — b 9)

A beB



RO FATANRKESFENREFTRREY R 189

MmE A={1,2,3},B=1{4,5,6} .04 h(A,B)=max{|1—4]|,[2—4]|,]|3—4|}=3,H it H(A,B) =max
{]’l(A’B) 9h(B7A)}:3o
HI T HD X F WA HBRBORR, S 1 3% 5i B g 00 6 i IR DT MR A O RE ) X HD #EAT B IE . 5E S minHD

minHD (A.B) = max {h, (A.B) .1, (B.A) | (10)
Horp
h, (A,B) =min mina — b (1)
a€A be B

1E 52 bR i T H L Citation-ANN 802 R Fl min HD SR S Z M A RUE B . B AR —Fhis e 2
Sk WA WU Gt B L 40 BRI = T 2 RE MR S SR ELE R I AH 56 S i O 0B A 4y
A BN b ilE— 20 4 i A U
1.3 BREBEETZR6E8

A ROT DX 5 36 BUH 5 43 A 945 25 80, FF RAIZAR R Ay vt BE IO v o0 50 B L SR AR O 5 AiE 42 B
P DX L . 4N ROT DX 259 3 A3 1 48 38 st v 4 BT A8 AR A A R s 4910 v 1 s 1) B2 B 58 2 4 o
Ay g5 S FLAB I SRR AR 5 #4220 B o DT A A ROT XI5 1) Jr 35 48 A1E i AR 5 7Y

X FEA LD S AR BUEAE O 4 A5 0°,45°,90°,135%) .5 MIE B (d=1.2,3,4,5) 1Y 20 32k
BiRE ., A ROT KR4 B 5 A F X8 X BE A ROT KA 2 A2 100 AN R, DB B S A 4 o o 42 B
SRR 0 HG R B AT A DG M AE 4 SR . SRS ET O SRR B P (ELAE R — R 0 R AE (R . AE
A9 B 25 A T A LT 7 910 s 285 R A s 285 A T

eI RO NSRS E/E S W (| I AN AR 0 AN TP 9 S 1 |- IRTRLE . WA EE Z ARG R B

B A% U Instl , Bagl ,0,0.4,0.5, ¢+ ;Inst2,Bagl ,0,0. 2,0. 3,+++++;Inst3,Bag2,1,0.5,0. 7,
seeeeesInstd ,Bag2,1,0.8,0. 9, o HiH Inst 24 H T AL A 7R 4 1 4R 2, Bag 2 7 4] 41 i B 5 , Bag

JETE P 0 F1 1 IR 1E SR B AR & 25 51, 2 )5 M4 A FRRIEE .
— MR FRIC N IE AL, M B AR — AN BN B S g AR IE M . FTPE TN flid
B — 1 G(VBi,j) =1 -
0 HAt
Hr G(o) RorJSpim i v (a] R 4L
B 1R T R B A OC R 227 9] 2% 20 1) 3 R Al 2 3 e R R X ), R L 5 0 2 A O 0 AT 0 A
T A5 A R FR A

i i
2 sl
3 pr [ AR
i

K1 Zomples>) it i

Fig. 1 Process of multi-instance learning

2 XWEREHMH

A 3 K B HAY R R S BRI 5 22 R Bl ) FRE A A S I R A 0 208 Bl SR E S BL T R S
RIREE YT 7326 .9 5 SVM Il Adaboost B3k B 70 KA R BEAT 1 HLEL. O T B UEAS SCO7 6 0 B2 27 75 14
I AT R AR SOR T U1 48 N B I e 8 7 ik 38 ok i 38 1 i A ] 450 R AR Mol 75 P AR R AT 1 2 A Ak



190 HERE LS L Journal of Data Acquisition and Processing Vol. 30,No. 1, 2015

O A 5 01 523 46 0 B 2 0 IO 0 K0 4 896 144 5 e 3o 69 By et 75
Sy B e P L2197 (U8 Philips 1U22 8 HDI 5000Sono 7 71 5 (LA % 7~12 MH.
JIT e G 38002 ol B A2 N AR ROT 4524,

TR M BE R TEAN SR A 4328 1 ME R 200k 8 S, 8 S IE T 19 43 25 30 R A R A 288 1 M o 8 A SRR
H.PH1E (True positive, TP) 1 {5 BA 1 (False negative, FN) , 1F fff F1 48 152 43 25 19 B 15 95 01 4> 50 2 3 1%
(True negative, TN) FI{i& BH ¥ (False positive, FP) , Eo A, 5 B 3 (Sensitivity , SE) % 78 2% 4 955 151 9% 1F B 43+
F I ME S L T RE S (Specificity , SP) 375 R A 4 i 81 45 1E 8 3 8 O E L 1T A Xy

SE=TP/(TP+FN).SP=TN/(TN-+FP) (13)
B B R E U
Accuracy= (TP+TN)/(TP+TN+FP+FN) (14)

BT 2 s 0 2 2] J5 vk A4S JUR B L O T o TR — b B 1 AR AR S R b i SO AL A R T T 4
T[] 22 75 1) 2% ] B3k A SVML, Adaboost BB X AEARFIE AT 22 T M Jp 6. R 1 4 7 & Fh iy 850k
B REs R,

*1 FERATFAEENIEER

Table 1 Classification results of different algorithm

LR B2 2] Sk
v Iterdiscrim Citation- Instance- ?V/,I\ZI A(tlbi()sr
PR bR ENN EMDD  dsym  OF e
e 2/ % 69.55 85. 59 70. 05 66.92 67.57 68.52
SE/ % 72.32 82.58 75.75 68.05 72 64.5
SP/ % 68. 45 87. 62 68. 54 73.56 75 73.3

T T LA AR SO R 9 75 12 B A 850 ) ME R 3% L SE 0 245 SR SR W T Jg 0 S0 IR E RE AR 7
VO MR A HR RS T BB E I AL . JR RS L S 2R B2 o) SE A A B MER R T A Y 2K
% Horp Citation-e NN FE3EHOR e b o 22708 40 F 16 75 491 -5 Jay 350 4 A AR 0T 7 o 308 3k 68 Ak 22 73 401] ) o 6 70
RN S BN 227 B AL AEAS ) HER 20 28, T S iR T HOR IR 4530 i &k

3 HRIE

PR IR 249 10y R P DR 03 o 2 £ T AR S 5245 LA o B8 2 A 5 75 T A9 R R0 DA S0 9 40 o B
B BOA A RS IR R OGBS SO A5 A AR O 27 B4 TR A R AIE 18] L SR 20
5 HEAT 2 >0 R 03 28 L S (1 FC45 SR R T AR S8 i B SRy 8 B BRURRAIE 5 22 78 9] 2 2] 7 U5 R 45 5 U
SR T HCARIRAE W KOG PR Bk . %05 IR FODR R &5 R 7 AT 1A s 1 g0 2R A R LT A R
AIA 85,5900 L b 5 I ARG HE— 25 e it SR AR REAE 14 A5 ) 3 A L O B TR A% SE Y 20 B 2 2 T vk
i 245 45 R 2g PR S A B %  ROBMERR IR AN B B S ek . 25 TE IR IR A5 9 A i SR AR L4519 PO R A ik
B AR A LA K [ 7 45 A R I 55 22 R B 2 ) FE AR 4 4 o A B AR S B v IR IR 7 2 R

S 3L

[1] Polyzos S A,Kita M, Avramidis A. Thyroid nodules-stepwise diagnosis and management[ J]. HORMONES, 2007,6(2)
101-119.

(2] BORER , BAOkAs. 75 R 76 R MR SS9 R S 502 I b 9V T —— — 0 2890 FR 3% L4165 Z5 15 A8 7 g BLAM AT ). i AE iy
SRR . 2010,26(4) ; 282-284.

an ultra-

Luo Binyu, Zhao Yongju. Role of ultrasonography in the preoperative differential diagnosis of thyroid nodules

sonographic-pathologic analysis for 2890 patienls with 4165 nodules[ ]J]. Chin J Endocrinol Metab, 2010,26(4): 282-284.



S
o

(3]

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

AT RIS R ARG A B T RIRLE T R T 191

Garcia S,Derrac J,Cano ] R.et al. Prototype selection for nearest neighbor classification: taxonomy and empirical study[J].
IEEE Transactions on Pattern Analysis and Machine Intelligence,2012,34(3): 417-435.

Bergeron C,Moore G, Zaretzki J,et al. Fast bundle algorithm for multiple-instance learning [J]. IEEE Transactions on Pat-
tern Analysis and Machine Intelligence, 2012,34(6): 1068-1079.

Zhu L,Zhao B,Gao Y. Multi-class multi-instance learning for lung cancer image classification based on bag feature selection
[C1// Proceedings of the 5" International Conference on Fuzzy Systems and Knowledge Discovery. Shandong,China: IEEE,
2008,487-492.

S SR T TG TR A% () B 0 S B B [ 1R R MR L) . B R AR S AR, 2006, 21(3) ¢ 251-255.

Tang Jinhui, Wu Xiuqing, Wang Pengwei. Image denoising based scale space theory and anti-spread function [J]. Data Acqui-
sition and Processing,2006,21(3): 251-255.

Nikita Singh, Alka Jindal. Ultra sonogram images for thyroid segmentation and texture classification in diagnosis of malignant
or benign nodules[]J]. International Journal of Computer Applications ,2012,50(11) :43-49.

Liu B.Cheng H D,Huang J H,et al. Fully automatic and segmentation-robust classification of breast tumors based on local
texture analysis of ultrasound images[]]. Pattern Recognition,2010,43(1); 280-298.

Xu C, LiJ. Prince, snakes, shapes,and gradient vector flow []J]. IEEE Transaction on Image Processing. 1998.7(3):359-
369.

Wagner R F,Smith SW, Sandrik ] M,et al. Statistics of speckle in ultrasound B-scans[]J]. IEEE Transactions on Sonics and
Ultrasonics,1983,30(3): 156-163.

Robert M H,Shan K. Textural features for image classification [J]. IEEE Transactions on Systems,Man and Cybernetics,
1973,SMC-3(6): 610-621.

Ding J R,Cheng H D,Ning C P,et al. Quantitative measurement for thyroid cancer characterization based on elastography
[J]. Journal of Ultrasound in Medicine,2011,30(9): 1259-1266.

Dietterich T G,Lathrop R H,Perez T L. Solving the multiple-instance problem with axis-parallel rectangles [J]. Artificial
Intelligence,1997,89(1-2) ; 31-71.

Wang J,Zucker J D. Solving the multiple 2 instance problem: A lazy learning approach[ C]// Proceedings of the 17th Inter-
national Conference on Machine Learning. 2000,1119-1125.

Maron O, Lozano-Pérez T. A framework for multiple-instance learning[ C] // Advances in Neural Information Processing

Systems 10. Cambridge, MA: MIT Press,1998.,570-576.

YR A - BB (1985-) . 5 AR LR 0 A DR 1) < DR 22 FRURAL B E-mail : xionw12345@ 163. com; /1 (1980-) . 55 . [ 1. Al 4%

WEFET5 1)« M = 2 8 5 3R 550 i B AR SN Ak B B HE 5 <6 U5 i = 4 AR 1 5 B4R (1980-), 5 B BF S A8, BF 52
T« FFODR Qi LA B2 5L I A 2 07 5 22 R 3w (1969, 55 L 1 b i » 082 B 9 07 ) - 8 BB A R A B BOIRAZ I . 0 30 LRSS Ok
JETH 5 LU B AL S5



192 HERE LS L Journal of Data Acquisition and Processing Vol. 30,No. 1, 2015



