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Abstract

Breast cancer is one of the leading cancers in women, if the cancer cells further transfer to the
bones and internal organs, central nervous system will result in poor prognosis and the overall
survival rate lower. Compared with the traditional pathological methods, Raman spectroscopy
method is time-consuming and expensive. In this paper, a Raman spectral database of fresh breast
lesions was established by using the experimental test samples provided by the department of
breast surgery, the first hospital of Jilin University. On the basis of feature selection, a benign and
malignant breast tissue recognition model was established by using support vector mechanism as
well as ensemble learning in order to quickly identify the types of breast lesions.
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Figure 1. The process of sample detection
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Figure 2. (a) Raw roman spectra; (b) Raman spectra with baseline processing; (c) Raman spectra after smooth processing
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Figure 3. Kernal function’s machine architecture

[ 3. RBF R &R B 3R 4514

4.4. EREFIFHE

B i S BAR AN SV HOBIE FE — B LA 22 S AU — s, EAR R, A S 38, KRl
BTS2 AU T IZ IR, R PR S A o AR (4R g T R B — 1 ) S

Schapire T 1990 4E 17 VX Hi boosting 7%, 1993 4E Drucker 1 Schapire 15 UK AH 48 I 25 1 Ny 3 AR 2
>18%, F1# boosting BTS2 . Wolpert T 1992 4E32 1 T stacking i — & &itey, F8 H R S2br
B, FHREVMERGHET %22, 1996 4F, Breiman 2 7 351l boosting f bagging £A, sRifHE2:>]
AR AL R ST R 5 M TR X TR 6 5 )5 R R MR [13] o SRR W 4 R 2 313 2 Vs AR iE S sz T LLIA
FIKe 555 ARV AR KA ROR

AR IR E AdaBoost 454 SVM HId 58 7 KR35 1K 7%, TERUE R EAFMIEN T, 55902548
(13 R 25 AR T RENLAE M . ARYE T — IR 70 2% ¢, AdaBoost R AR 58 73 S 28 H B Il 2R AR
HEEAMEARTIACEME D, FiAE D 25 ¢ AHRMIREL T KA IRE o BUMIFEARR T H5/NMIBUE
D, MiHZREHRR ¢ BRKMBEARR FHRIIAUE D [14], 8 5 B AU BEAFEAR ) 50 S5 5 5 P4 21 T 1
BRI A

bR 7R TIPS B RS E M L D MR I B A AL, SRR ST AR B
AE T H B T34 R I 2R X S B0 2 1) SS02E B B A 2 Ak P R PR 4 3 7 T o

5. KR DI
5.1. FHEEELR

TE Ky 600~2000 e (T R 43 2R Ryl — MR B A AR R R . o T
ARSI, 244 AR IR R B, RF IR R th 2 R«

H L FURBUH TR RIS R AL AT

Table 1. Peak assignments (cm %) of the Raman spectra of breast tissue
1. ABRELAR B AIEHHHEE)ABR(Cm )

RPEH L TR 2 b2 4 g
873 873 C-C stretch hypro
1078, 1298, 1435, 1650, 1741 1078, 1298, 1435, 1650, 1745 Lipids
1175 1175 Phosphodiester
1261, 1315, 1638 1261, 1315, 1638 Amide Il (a-helix and g-structure)of proteins
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1340, 1480 Nucleic acids
1362, 1383, 1461 1364, 1383, 1461 CH, and CH3 symmetric deformation of proteins
1534 1534 Beta carotene
1558 1558 Tryptophan
1675 Amide | (collagen)
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Figure 4. Characteristic weights of breast cancer calculated by the ReliefF algorithm
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Figure 6. Classification results of SVM
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Table 2. The results of support vector machine and integrated learning method
2. XFEEBNSENF I FELIBEHNESERIEE

= TR
T ik RSk RIGE
[SRERAEEZ T4 41 SE1
A SVM A3 91.5% 91.5% 96% 93.7% 96%
SVM + £ 94.3% 94.3% 96% 95.1% 96%

6. &it

AT T SRS T EORXE BT R A LR S AT I N (L RS, 2oL 1 FUAR RBAE AL A
B e . 2 BER AL, FIH ReliefF VLSO HE A 1 SRFIE T T AL SR A6 808 - K et 7 D9l Zhde
AR A A B T 7 SRR R BN LI 2 A8, R H) AdaBoost 8RR ST 10757, Il e BUE, NS
FRHIE AT O0 T I BV B TN AR, BEEE & T B e TE, e 10 eMERE . Fih SLN AR
LRSS S BN TR N, A9 BTG AR — € B BB T ARSI AR T RO
LZA H 0 RIS oM FLIRE I W (L 7 22 . Ay BASCITIE 7T 9 2 e Xt SLIBRE RGP B,
A RE(E AR IR PR AT LA 2T Z BN

DOI: 10.12677/csa.2020.108160 1533 TR 5 R H


https://doi.org/10.12677/csa.2020.108160

E&WmE

E X | R R4 I H (81773171).

&5k

(1]

[2]

B3]
(4]
[5]

(6]
(71
(8]
[9]
[10]
[11]
[12]
[13]

[14]

Abigail, S.H., Karen, E.S., Maryann, F., Joseph, C., Ramachandra, R.D. and Michael, S.F. (2005) Diagnosing Breast
Cancer by Using Raman Spectroscopy. Proceedings of the National Academy of Sciences of the United States of
America, 102, 12371-12376. https://doi.org/10.1073/pnas.0501390102

Hu, C.X., Wang, J.X., Zheng, C., Xu, S.P., Zhang, H.P., Liang, Y.C., Bi, L.R., Fan, Z.M., Han, B. and Xu, W.Q. (2013)
Raman Spectra Exploring Breast Tissues: Comparison of Principal Component Analysis and Support Vector Ma-
chine-Recursive Feature Elimination. Medical Physics, 40, 063501-063507. https://doi.org/10.1118/1.4804054

Hu, C.X., Zheng, C., Zhang, H.P., Bi, L.R., Xu, S.P., Fan, Z.M., Han, B. and Xu, W.Q. (2013) Analysis of Fresh Breast
Cancer Tissue by Near Infrated Raman Spectroscopy. Chemical Journal of Chinese Universities, 34, 2721-2727.

Zhao, H.T. and Wong, W.K. (2014) Regularized Discriminant Entropy Analysis. Pattern Recognition, 47, 806-819.
https://doi.org/10.1016/j.patcog.2013.08.020

Xu, L.-P., Ge, L.-Q., Gu, Y., Liu, M., Zhang, Q.-X., Li, F. and Luo, B. (2013) Application of EDXRF Analysis and
Determination of Iron and Titanium in Geological Samples Based on PCA-BP Neural Network. Spectroscopy and
Spectral Analysis, 33, 1392-1396.

TR G, 2 T SO A 5 4 R o R 8 AR I B s FL IR 0 AL [D): [ ], K& RALIME
K2, 2019: 1-49.

Xu, H.B. (2014) Can Tamoxifen Become a New Standard for Adjuvant Treatment of Early Breast Cancer in 10 Years?
Chinese Journal of Medical Guide, 1, 102-102.

Roberto, K.H.G., Mario, C.U.A., Gledson, E.J., Marcio, J.C.P., Edvan, C.S. and Teresa, C.B.S. (2005) A Method for
Calibration and Validation Subset Partitioning. Talanta, 67, 736-740. https://doi.org/10.1016/j.talanta.2005.03.025

Kira, K. and Rendell, L. (1992) A Practical Approach to Feature Selection. Machine Learning Proceedings 1992,
249-256. https://doi.org/10.1016/B978-1-55860-247-2.50037-1

TR T, SFRUAL 3T 2 AR R A p) FLIRE AR A UM R R 2 (0], B3 A 5 ARk 31, 2019(8): 88-93.

Tuia, D., Volpi, M., DallaMura, M., Rakotomamonjy, A. and Flamary, R. (2014) Automatic Feature Learning for Spa-
tio-Spectral Image Classification with Sparse SVM. IEEE Transactions on Geoscience and Remote Sensing, 52, 6062-6074.
https://doi.org/10.1109/TGRS.2013.2294724

PURCRL. FETh 800 A AU R RO R R RO B R BT ST [D]: [ 22 A 30, K& ZRALITTE K, 2017.
FEHERE . R TR S A LR BH B8 FIROG Fe B AL R TR R I FE [D]: [ 24 AR 3], KfF: ZRABImE Rz,
2019: 1-77.

N, He T AdaBoost FRFES S LA U A U V20 72 [D]: [ L Anie ], B SRR 2017:
1-92.

DOI: 10.12677/csa.2020.108160 1534 H LR 15


https://doi.org/10.12677/csa.2020.108160
https://doi.org/10.1073/pnas.0501390102
https://doi.org/10.1118/1.4804054
https://doi.org/10.1016/j.patcog.2013.08.020
https://doi.org/10.1016/j.talanta.2005.03.025
https://doi.org/10.1016/B978-1-55860-247-2.50037-1
https://doi.org/10.1109/TGRS.2013.2294724

	Breast Disease Recognition Model Research Based on Raman Spectroscopy and Support Vector Machine
	Abstract
	Keywords
	基于拉曼光谱和SVM的乳腺病灶识别模型研究
	摘  要
	关键词
	1. 引言
	2. 相关工作
	3. 实验部分
	3.1. 标本采集
	3.2. 仪器
	3.3. 光谱预处理

	4. 建模部分
	4.1. 子数据集划分
	4.2. ReliefF特征选择算法
	4.3. SVM算法
	4.4. 集成学习方法

	5. 实验结果分析
	5.1. 特征选择结果
	5.2. 支持向量机的结果
	5.3. 集成学习的结果

	6. 结论
	基金项目
	参考文献

