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摘 要

腦部磁振造影雖提供三維空間之資訊，但仍以二維影像格式顯示。若要以三維視覺化方式顯示顱內血管部分，則需自二維

磁振造影影像中分割出顱內血管部分之資訊，再加以重建。但腦部磁振造影所產生的龐大資訊量，使得以手動方式執行影

像分割成為一實際上不可行之工作。因此有效之顱內血管分割演算法，為腦部磁振影像處理三維視覺化中不可或缺之分析

工具。 本論文探討三種分割演算法，分別為Bias Corrected Fuzzy C-Mean（BCFCM），期望值最大化估計法（Expectation

Maximum，EM），等位函數演算法（Level Set）來分割腦血管部分。最後使用Connected Components去除非血管的部份

，並將其分割結果以三維視覺化的方式呈現顱內血管。 使用Level Set分割腦血管，以Jaccard Similarity衡量分割品質可

達77.127 %，優於EM之75.45%與BCFCM之64.034%。針對三種演算法使用信賴度95%單尾成對樣本t檢定，檢定結果為：

Level Set分割結果顯著優於EM與BCFCM。 執行三種分割演算法之CPU時間部分，EM對腦血管分割之執行時間優於Level

Set與BCFCM，並且Level Set分割之執行時間優於BCFCM。

關鍵詞 : Bias Corrected Fuzzy C-Mean ; Expectation Maximum ; Level Set ; MRA ; 三維視覺化

目錄

封面內頁 簽名頁 授權書 iii 中文摘要 iv ABSTRACT v 誌 謝 vi 目 錄 vii 圖目錄 x 表目錄 xii 第一章 緒論 1 1.1 研究背景 1 1.2 

研究範圍 3 1.3 研究方法 4 第二章 文獻探討 6 2.1 前處理 8 2.1.1 形態學處理 8 2.1.2 動態規劃 10 2.1.3 分水嶺演算法 12 2.1.4 

擷取顱內組織演算法之比較 15 2.2 影像分割 16 2.2.1 邊界導向分割（Edge-based method） 17 2.2.2 統計模型分割

（Pixel-based method） 20 2.2.3 區域導向分割（Region-based method） 25 2.2.4 混合模型（Hybrid-based method） 27 2.2.5 

各影像分割演算法之比較 31 2.3 後處理 32 2.4 績效衡量 33 第三章 研究方法 35 3.1 研究架構 35 3.2 研究方法 37 3.2.1 前處

理 37 3.2.2 影像分割 39 3.2.3 後處理 52 3.2.4 績效衡量 52 第四章 實驗結果與分析 53 4.1 實驗設置 53 4.1.1 模擬影像之實驗

設置 53 4.1.2 實際影像之實驗設置 59 4.2 模擬影像之實驗結果 59 4.2.1 腦血管之分割結果 59 4.2.2 績效衡量 61 4.3 實際影像

之實驗結果 69 4.3.1 腦血管之分割結果 69 4.3.2 腦血管之三維視覺化 70 第五章 結論與未來研究 74 5.1 結論 74 5.2 未來研究

75 參考文獻 76 附錄 81

參考文獻

[1] 何易展，"細胞顯微影像之分割、追蹤與運動分析"，成功大學資訊工程學系碩士班碩士論文，2002.�

[2] 徐賢鈞，"自適式影像分割技術及三維重建 – 以腦部磁振造影解剖影像之大腦組織結構分割為案例"，2004.�

[3] 郭人豪，"以等位函數法求解含自由液面之流場"，逢甲大學土木及水利工程研究所論文，2002.�

[4] 張家榮，"使用等高集合法對多目標移動物追蹤之研究"，元智大學電機工程研究所碩士論文，2001.�

[5] 盧宗斌，"數位影像二維最佳化自動分割及三維元覺化重建-以功能性磁振掃描影像處理為案例"，大葉大學工業工程所碩士論文

，2003.�

[6] 戴安琦, "以分水嶺分割法為基礎的彩色分割研究", 淡江大學資訊工程研究所碩士論文, 2003.�

[7] AA Farag, H. Hassan, R.Falk, and SGHushek, “3D Volume Segmentation of MRA Data Sets. Using Level Sets,” Academic Journal of

Radiology, pp. 419-435, April, 2004.�

[8] Albert CS Chung, J. Alison Noble, Paul E. Summers: Fusing Speed and Phase Information for Vascular Segmentation in Phase Contrast MR

Angiograms. MICCAI 2000: 166-175. 1998.�

[9] Bezdek J.C., "Pattern recognition with fuzzy objective function algorithms.", Plenum Press, New York, 1981.�

[10] Calhoun P.S., Carly J.C. and Fishman E.K., "Three-dimentional volume rending of spiral CT data.", Theory and Method Resonance in

Medicine, Vol.48, pp.180-192, 2002.�

[11] Dempster A.P., Laird N.M. and Rubin D.B., "Maximum likelihood from incomplete data via the EM Algorithm." J. Royal Statistical Soc.,

Ser. B., Vol.39. No.1, pp.1-38, 1977.�

[12] DL Wilson and JA Noble, “An adaptive segmentation algorithm. for time-of-flight MRA data,” IEEE Trans. Med. Imag., vol. 18, pp. 938

–945, Oct. 1999.�

[13] Eckhorn R.H. and Dicke P., "Feature linking via synchronization among distributed assemblies: simulation of results from cat visual cortex.",



Neural Computation, Vol.2, pp.293-307, 1990.�

[14] Hahn H.K. and Peitgen H.O., " The skull stripping problem in MRI solved by a single 3D watershed transform.", Proc. MICCAI, LNCS

1935, pp.134-143, 2000.�

[15]  http://www.huashan-neurosurgery.com.cn/news/show.asp?id=107 [16]  http://www.bic.mni.mcgill.ca/brainweb/anatomic_normal.html

[17]  http://www.psychology.nottingham.ac.uk/staff/cr1/render.html.�

[18] Hossam Hassan and Aly A. Fara g, “MRA Data Segmentation Using Level Sets, ” IEEE International Conference on Image Processing,

Sep. 14-17, 2003 Barcelona, Spain [19] Hossam Hassan, Aly A. Farag: “Cerebrovascular segmentation for MRA data using level sets.” CARS

2003: 246-252 [20] Hossam Hassan, Aly A. Farag: “Shape-based MRI data segmentation in the presence of intensity inhomogeneities using level

sets.” CARS 2004: 213-218 [21] Kass M., Terzopoulos D., “Snake:Active Contour Models”, International Journal of Computer, Vision 1,

pp.321-331, 1998.�

[22] Luc V. and Pierre S., "Watersheds in digital spaces: An efficient algorithm based on immersion simulations.", IEEE Transactions on Pattern

Analysis and Machine Intellignce, Vol.13, No.6, pp.583-598, 1991.�

[23] M. Leventon, Eric Grimson, “Level Set Based Segmentation with Intensity and Curvature Priors”, IEEE Workshop on Mathematical

Methods in Biomedical Image Analysis, 2000.�

[24] MacQueen J., "Some methods for classification and analysis of multivariate observations.", Proceedings of the Fifth Berkeley Symposium on

Mathematical Statistics and Probability, Vol.1, pp.281-297, 1967.�

[25] Marcelo Bertalmio, Guillermo Sapiro, Gregory Randall: Region Tracking on Surfaces Deforming via Level-Sets Methods. Scale-Space 1999:

330-338. 26.�

[26] Michael E. Leventon, W. Eric L. Grimson,: “Statistical Shape Influence in Geodesic Active Contours”. CVPR 2000: 1316-1323 [27]

Mohamed N.A., Sameh M.Y. and Nevin M.A., "Modified fuzzy C-mean algorithm for biased field estimation and segmentation of MRI data.",

IEEE Transactions on Medical Imaging, Vol.21, No.3, pp.193-199, 2002.�

[28] Osher .S and Sethian .J.A: Fronts Propagating with Curvature Dependent Speed: Algorithms Based on Hamilton-Jacobi Formulation. Journal

of Computer Physics, Vol.79, pp 12-49 1988 [29] Perona P. and Malik J., "Scale-space and edge detection using anisortopic diffusion.", IEEE

Transactions on Pattern Anlysis and Machine Intelligence, Vol.12, No.7, 1990.�

[30] S. Kobashi, Y. Hata, and LO Hall, "Fuzzy Information Granulation of Medical Images - Blood Vessel Extraction from 3-D MRA Images," in

S. Barro and R. Marrin (eds.), Fuzzy Logic in Medicine, Springer, pp. 103-109, 2001.�

[31] Sabry,M., Sites,CB, Farag,AA, Hushek,S., & Moriarty,T. Statistical Cerebrovascular Segmentation for Phase-Contrast MRA Data. Cairo,

Egypt: International Conference on Biomedical Engineering. (12-1-2002).�

[32] Shattuck D.W., Sandor-Leahy S.R., Schaper K.A., Rottenberg D.A. and Leahy R.M., "Magnetic resonance image tissue classification using a

partial volume model.", Neuro Image, Vol.13, pp.856-867, 2001.�

[33] Wolfer J., Lee S.H., Sandelski J., Summerscales R., Soble J. and Roberge J., “Endocardial border detection in contrast enhanced

echocardiographic cineloops using a pulse coupled neural network.”, Computers in Cardiology, pp.185-188, 1999.�

[34] X. Zeng, L. Staib, et al, "Segmentation and Measurement of the Cortex from 3D MR Images", Proceedings of the conference on Medical

Image Computing and Computer Assisted Intervention, 1998.�

[35] Zhang Y., Brady M. and Smith S., "Segmentation of brain MR images through a hidden markov random field model and the expectation

maximization algorithm.", IEEE Transaction on Medical Imaging, Vol.20, No.1, pp.45-57, 2001.


