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Abstract: On the basis of prostate tumor diagnosis by nuclear Magnetic Resonance Imaging(MRID), a
two-stage ensemble Support Vector Machine (SVM) method were proposed to realize the prostate
tumor aided diagnosis. Firstly, the statistical features, invariant moment features and the texture fea-
ture of the Area of Interest( ROI )for the prostate in a MRI image were extracted. Then, SVM pa-
rameters were disturbed by using different kernel functions in different feature spaces, and the first
ensemble was carried out by relative majority voting. Furthermore, the results of first ensemble were
integrated again by the relative majority voting. Finally, MRI images of prostate patients were regar-
ded as original data, and two-stage ensemble SVM were utilized to aid tumor diagnosis. Experiment

results show that the classification accuracy from the first ensemble has improved by 26. 67 % as com-
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pared with that of single-stage SVM and that from the second ensemble has improved 3. 33% than that

of the first ensemble. These results illustrate that the proposed algorithm can improve the recognition

accuracy of prostate tumor effectively.
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Fig.1 Flow chart of two-stage ensemble SVM algorithm
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Fig.2 MRI images and ROI region of some prostate cancer
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Fig. 4 ROI region of prostate cancer
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Fig. 5 ROI region of prostate hyperplasia
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Tab. 2 Classification accuracy for prostate

tumor based on single SVM %
) % R B
W % — :
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Tab. 3 Classification accuracy for Moment_ SVM (T;)
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LS poly sigmoid erfb
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Tab.5 Classification accuracy for Geometry SVM (T3)
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Classification accuracy in 1st ensemble SVM

0
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e
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- 3 o R 86. 67

TE 3 D[] 1Y HFRAE 25 (] B OR A2 6 R AE R B
LA 3 B RRAE TN GETH AR AR ) o 38 0 AH X 22 B4 S
T — KA A, 43 M & Moment_SVM, Co_QOc-
currence_ SVM Hll Geometry SVM 3 >4 il 37 %
1) St AL JHEXT i 51 e e TR 5 R A 6 BT

M Moment_SVM ] L F 3, 5 57 #F5 ) &
BIL B F- 35 YR 8 AH B L B 0 D 2 28 v R 4
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26.67%,

15 3 ASANTR] YRR AE 23 ) 5L, 8 2o 28— RO
53] T Moment SVM, Co_Occurrence_ SVM
Geometry_SVM3 A4 B 345 ] ML, PR 3 55 2
YOS 22 45 5 X aX 3 > B S 445 1) 2 ML 1Y &5
FEHEAT HE R A A3 2 B B AR NS 1) AL
Two-Stage SVM, HAE# H ik 5] 90%, 555 1 Ik
£E R B MEf A L, HER R S T 3. 3300,

A 3C N MR G AE 151 R 2 955 i 988 1) 12 Wi
AT S BT T A S B R 0 5 B S W B0 B T
— b3 T B BERLA SR B SVML 19 7 75 K SE BT
GRS Bs W, SCE S5 SR R A — I R
o3 ZE U e I v bG SR SR 1) i LR R T 26. 67 0
TR Two-SVM 11 53 F e 1 R 5 55 — A
SVM A HE 4 T 3. 33 %, Al L% I ik Xk iy 371 Jig
i gge i) a2 Wi LA B B 1 (. i TR LA
JITRR AR SCRE A B 1 75 5 B L SR B R A A 1F
HE— 2 Ak A o S 25 R 38 2 R B A S8 R
SR AN TR) B4 A% bR RO S B AE I 82 10 T A v, R 4
B2 T Z2 19 16 DR T 57 e Jeb 96 o 191 ok R I R AR
B AT A 5 AT R R IO 21 ROT X80
fiE s I 53 BT AS [ 4R AE 22 ] (4 4 5GP S TR AR AE 4G
XoF B Je TR ARG B 1 5 ) R R A s AR Ay AR Y A
WA 5 FPASTR] (1 SR AS [R] 1) 5 s AL 1 19 40 2K 48
Xof I I S A ) 45 SR B W) AS A [ L 40 4R 52 52 ) £
P AREAEAR I — 2 WM se . R T i, Ji 5
i Jie 8 1 %l B8 32 W A SR B . R FH A LY O
BT B W SCER R T D R — AN BT
JO7 FF A1 5% B4 B9F 9 4K



2144

%21 %

S % Uk

[1]

(2]

[3]

[4]

[6]

[7]

A, SHEEFEASRES BRORRRAEFF &
B R AA D] M AR R B TR 24,2006,
HE Y L. Multimodal medical image registration,
Susion and intelligent diagnosis system research
[D]. GuangZhou: South China University of Tech-
nology,2006. (in Chinese)

AL FEM, L 5 FEF AR A AT
Ji ) 1R 37 0 IR AR R AELT ). b e B A&
&,1997,16(2) :79-83.

SHIF B, WEI J H, WANG Z L, et al. Normal
prostate and benign prostatic hyperplasia: MR ima-
ging at 1. 5T[J]. Chinese Journal of Geriatrics,
1997,16(2) :79-83. (in Chinese)

B A, B KL XOR R FL R AETT S MR A R
TR H A R Z R RIK[T). P2 F E 5
Z &, 2003,22(7) :405-408.

HUA L X,JU X B,WU H F, et al.. The expression
of androgen receptor gene in benign prostatic hyper-
plasia and prostatic cancer tissues [ ] |. Chinese J our-
nal of Geriatrics, 2003, 22 (7):405-408. (in Chi-
nese)

NIAF E,ROUVIERE O, MEGE-LECHEVALLIER
F. et al.. Computer-aided diagnosis of prostate
cancer in the peripheral zone using multiparametric
MRI [J]. Physics in Medicine and Biology. 2012,
57(12):3833-3851.

LIOBET R, TOSELLI A H,JUAN C, et al..Com-
puter-aided prostate cancer detection in ultrasono-
graphic images [C]. Pattern Recognition and Image
Analysis,2003,2652:411 -419.

TABESH A, TEVEROVSKIY M, PANG H Y, e
al. . Multifeature prostate cancer diagnosis and glea-
son grading of Histological [J]. IEEE Transaclions
on Medical Imaging,2007,26(10):1366-1378.
AR A TR L RS . T 2 0 B I A i S
B2 [T ] st st £ 5 & &, 2011,48(11)
1991-1999.

ZHONG H, YANG X M, JIAO L CH.

Texture

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

classification based on multiresolution co-occurrence
matrix [J]. Journal of Computer Research and De-
velopment,2011,48(11):1991-1999. (in Chinese)

B DA, B F R, BRSO R K JE A R R T
SEIRE ST L) ], F F ], 2006,34(1) :155-159.
BO H.MA F L,JIAO L C. Research on computa-
tion of GLCM of image texture [J]. Acta Electroni-
ca Sinicas 2006,34(1) :155-159. (in Chinese)

HU M K. Visual pattern recognition by moment in-
variants [ ] ]. IEEE Transactions on Information
Theory,1962,8(2) 179 -187.

CARUANA R.,NICULESCU-MIZIL A.CREW G,

et al. . Ensemble selection from libraries of Models

[Cl. Proceedings of the 21th International Con
ference on Maching Learning »2004,137 144,

SAIN S R. The Nature of Statistical Learning

Theory [M]. New York: Springer-Verlag ,1995.

A=A, AR, i F. ST R BT 5 R m

I MUY 1Y 1 55 2 P R AL ). e 5 o

#£,2011,19(10) :2478-2483.

ZHANG R J,ZHUANG S L.,ZANG D Q. Estima-
tion of gap width of cylinder socket sleeve based on

clustering analysis and SVM [J]. Opt. Precision

Eng. ,2011,19(10) :2478-2483. (in Chinese)

AL R SRR I G RT]. t

SEALFIR,2011,34(8) :1399-1410.

ZHANG CH X,ZHANG ] SH. A survey of selec-
tive ensemble learning algorithms [ J]. Chinese
Journal of Computers, 2011, 34 (8);1399-1410.

(in Chinese)

KIM H C, PANG S N, JE H M, et al.. Con-
structing Support Vector Machine Ensemble [ ]].
Pattern Recognition, 2003,36(12):2757-2767.

VALENTINI G, MUSELI M, RUFFINO F,
Cancer recognition with bagged ensembles of sup-
port vector machines[J]. Neuro computing , 2004,
56:461-466.

DUIN R P W. The combining classifier: to train or
not to train [CJ. 16th International Conference on

Pattern Recognition,2002,2:765-770.



o 8 3]

VA T DI BEAR RS ) AL B4 A8 R R R 2145

EE R

B #EQTT ) BT R RS AL
+ R B A R0, 2010 4FEF VS
A REF R IAR 2 S HARE
p T 424y, FENF SRR
FUG R U, B Re 1T, B 42 B8
A WF Y . E-mail: zhout123 @ gmail.

com

BEEE (1976 —), Lo,y db 5 24 A, B
+ L BEI L 2010 4 TV 4 ol K 2 3k A5
TFEALRN b - 247, EZNFEE
2 PG 38 B 42 4 45 O T A BIF 5T
E-mail:lu_huiling@163. com

BRAEGR (1971 —) . 5, T E WAL Bl
+ BB/ B E B, 1997 4E T T
HERR SR % 100, 2007 45 F
THEBER RSB, BT E
WFETFEIHMM S R 5% MR DIig¢ R
WF5% ., E-mail:czq642000@163. com

T EHATT ) o INARW A B
+ BB W A R0, 2005 4F 6 H T
AL Tk R =R ES S5E B LML
b L2g - 24 A7, 2009 4E 6 A F o5k
Tk R 2= 1 S 3 sl o8 T S B
8 LAE, H AT 3 2N 3 EGh 2 R R
TR (B0 S TR, E-

mail: mmthp@snnu. edu. cn

(RIERE REWWT FREEH)





