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摘 要

人臉偵測是機器視覺、人臉追蹤與人臉辨識等應用的基礎，其延伸可被應用到人機界面、視訊監控、治安保全、門禁監控

、醫療診斷與智慧生活等；因此，成功的人臉偵測技術蘊涵著高準確度與執行速度。 本文將人臉偵測分成兩大部分，首先

利用Haar-like Feature + AdaBoost來擷取「似人臉區域」，此為第一階段處理，隨後採用LBP + SVM來濾除非人臉區域，

此為第二階段處理。採用CMU人臉資料庫進行第一階段處理，newtest、test、test-low、與rotated等資料夾之人臉檢測率分

別為86.1%、79.0%、45.8%與38.9%；基於第一階段檢測之結果，再進行第二階段處理，各資料夾之人臉檢測率變成

91.0%、69.2%、81.7%與79.1%。由實驗結果可知Haar-like Feature與LBP各具優缺點，Haar-like Feature + AdaBoost之優點

為：在影像畫質不好的情況下，能夠把最多的人臉資訊保留下來，缺點為：在特徵類型不夠充份的情況下，會使得被誤判

的人臉區域過多。至於LBP，由於其人臉特徵比較完整，當結合它與SVM來排除非人臉區域時，其誤檢率幾乎接近於零，

效果相當顯著，但對於紋理較不顯著者，LBP也無法保留其人臉特徵。 透過實驗觀察：被漏檢的人臉大多屬於傾斜、具有

大角度旋轉者，或者人臉被遮蔽者，而被誤檢者多屬於垂直或水平影像。因此，可藉由增加訓練樣本之特徵類型，例如

：45度之Haar-like特徵，以減少人臉之誤判，或增加訓練樣本之多樣性，例如：配戴眼鏡或戴帽子等以改善實驗結果。
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目錄

封面內頁 簽名頁 授權書．．．．．．．．．．．．．．．．．．．．．．．．． iii 中文摘要．．．．．．．．．．．．

．．．．．．．．．．．． iv 英文摘要．．．．．．．．．．．．．．．．．．．．．．．． v 誌謝．．．．．．．．．

．．．．．．．．．．．．．．．．． vii 目錄．．．．．．．．．．．．．．．．．．．．．．．．．． viii 圖目錄．．

．．．．．．．．．．．．．．．．．．．．．．． xiii 表目錄．．．．．．．．．．．．．．．．．．．．．．．．．

xviii 第一章 緒論 1.1 前言．．．．．．．．．．．．．．．．．．．． 1 1.2 文獻回顧．．．．．．．．．．．．．．．

．．． 2 1.2.1 基於知識的方法（Knowledge-Based Methods） ．．．．．．．．．．．．．．．．．．． 2 1.2.2 基於特徵

的方法（Feature-Based Methods）． 3 1.2.3 基於學習統計的方法 （Statistical-Based Methods）．．．．．．．．． 5 1.3 研

究動機．．．．．．．．．．．．．．．．．． 7 1.4 論文架構．．．．．．．．．．．．．．．．．． 8 第二章 分類器

簡介 2.1 前言．．．．．．．．．．．．．．．．．．．．． 9 2.2 歐幾里德距離分類器（Euclidean Distance Classifier） ．

．．．．．．．．．．．．．．．．．．．．．． 9 2.3 餘弦距離分類器（Cosine Distance Classifier）．．． 10 2.4

K-Nearest Neighbor Classifier分類器（KNN Classifier） ．．．．．．．．．．．．．．．．．．．．．． 11 2.5 決策樹分

類器（Decision Tree Classifier）．．．． 11 2.6 單純貝氏分類器（Nai"ve Bayes Classifier）．．．． 13 第三章 AdaBoost介

紹 3.1 AdaBoost演算法的發展．．．．．．．．．．． 14 3.1.1 Boosting背景．．．．．．．．．．．．． 14 3.1.2

AdaBoost演算法的提出．．．．．．．．． 14 3.2 AdaBoost演算法介紹．．．．．．．．．．．． 15 3.2.1 AdaBoost之弱

分類器（Weak Classifier）．． 17 3.2.2 AdaBoost之弱分類器（Weak Classifier）訓練 ．．．．．．．．．．．．．．．．

．．． 17 3.2.3 AdaBoost之弱分類器（Weak Classifier）分析 ．．．．．．．．．．．．．．．．．．． 19 3.3 AdaBoost之

強分類器（Strong Classifier）．．．． 21 3.3.1 AdaBoost之強分類器（Strong Classifier）訓練 ．．．．．．．．．．．．．

．．．．．． 21 3.3.2 AdaBoost之強分類器（Strong Classifier）分析 ．．．．．．．．．．．．．．．．．．． 21 3.4

AdaBoost之多層分類器（Multi-Layer Classifier）． 26 3.4.1 AdaBoost之多層分類器訓練．．．．．．． 27 3.4.2 AdaBoost之

多層分類器分析．．．．．．． 27 3.5 AdaBoost之演算法舉例說明．．．．．．．．． 29 3.6 利用多層分類器檢測人臉．

．．．．．．．．．． 33 3.6.1 影像前處理．．．．．．．．．．．．．． 34 3.6.2 多層分類器檢測具體過程．．．．．

．．． 36 3.6.3 影像後處理．．．．．．．．．．．．．． 38 第四章 支持向量機（SVM）理論 4.1 前言．．．．．．．

．．．．．．．．．．．． 41 4.2 線性可分離（Linearly Separable）．．．．．．． 42 4.3 線性不可分離（Linearly

Non-Separable）．．．． 46 4.4 非線性可分離（Nonlinearly Separable）．．．．． 49 4.5 支持向量機與核函數之選擇與參

數設定．．．． 52 4.5.1 C-SVC之參數設定．．．．．．．．．．． 53 4.5.2 最佳Gamma值之搜尋．．．．．．．．． 59

4.5.3 不同類型的SVM &不同核函數．．．．．． 62 第五章 紋理介紹 5.1 前言．．．．．．．．．．．．．．．．．．．

63 5.2 Haar-like Feature．．．．．．．．．．．．．． 64 5.2.1 積分面積演算法．．．．．．．．．．．． 65 5.3 Local

Binary Pattern（LBP）．．．．．．．．．． 69 5.3.1 Local Binary Pattern 之演算法．．．．．． 71 5.3.2 改良式Local

Binary Pattern．．．．．．． 72 5.4 Laws紋理．．．．．．．．．．．．．．．．． 73 5.5 Wavelets Transform．．．．．



．．．．．．．．． 76 5.6 空間灰階伴隨矩陣紋理分析．．．．．．．．．． 78 第六章 數位影像處理相關技術介紹 6.1 

前言．．．．．．．．．．．．．．．．．．．． 81 6.2 前景與背景分離技術．．．．．．．．．．．．． 81 6.2.1 背景

相減法（Background Subtraction）．．． 81 6.2.2 影像時間差異法（Temporal Difference）．． 84 6.2.3 膚色分析．．．．

．．．．．．．．．．． 84 6.2.3.1 光線補償．．．．．．．．．．． 86 6.2.3.2 色彩空間．．．．．．．．．．． 92 6.3 

形態學影像處理．．．．．．．．．．．．．． 100 6.3.1 侵蝕（Erosion）．．．．．．．．．．．． 100 6.3.2 膨脹

（Dilation）．．．．．．．．．．．． 103 6.4 縮放圖技術．．．．．．．．．．．．．．．． 105 6.4.1 近鄰內插法

（Nearest Interpolation，NN）． 106 6.4.2 雙線性內插法（Bilinear Interpolation）．． 107 6.4.3 方內迴旋法（Cubic

Interpolation）．．．． 109 6.4.4 面積內插法（Area Interpolation）．．．．． 112 第七章 人臉偵測流程與實驗結果 7.1 前

言．．．．．．．．．．．．．．．．．．． 114 7.2 發展環境．．．．．．．．．．．．．．．．． 116 7.3 人臉資料庫

介紹．．．．．．．．．．．．．． 117 7.3.1 MIT-CBCL資料庫．．．．．．．．．．． 117 7.3.2 Caltech Image

Database．．．．．．．．． 119 7.3.3 MIT-CMU資料庫．．．．．．．．．．． 121 7.4 系統流程設計說明．．．．．．

．．．．．．． 125 7.5 實驗結果．．．．．．．．．．．．．．．．． 131 7.6 實驗結果討論．．．．．．．．．．．．

．．． 147 第八章 結論與未來研究動向 8.1 結論．．．．．．．．．．．．．．．．．．． 149 8.2 未來研究動向．．．

．．．．．．．．．．．． 150 參考文獻．．．．．．．．．．．．．．．．．．．．．．． 152

參考文獻

[1] 謝耀璋，”主動式攝影機即時人臉追蹤之研究”，國立中山大學碩士論文，94年。�

[2] 黃泰祥，”具備人臉追蹤與辨識功能的一個智慧型數位監視系統”，私立中原大學碩士論文，93年。�

[3] 陳彥良，”即時立體視覺物體追蹤系統”，私立中原大學碩士論文，92年。�

[4] C. F. Juang, S. H. Chiu, and S. J. Shiu, “Fuzzy system learned through fuzzy clustering and support vector machine for human skin color

segmentation”, IEEE Transactions on Systems, Man, and Cybernetics—Part A: Systems and Humans, Vol. 37, No. 6, pp. 1077-1087, Nov. 2007.�

[5] Y. W. Wu, and X. Y. Ai, “Face detection in color images using Adaboost algorithm based on skin color information”, International

Workshop on Knowledge Discovery and Data Mining (WKDD 2008), Adelaide, Australia, pp. 339-342, Jan. 2008.�

[6] H. Stern, and B. Efros, “Adaptive color space switching for tracking under varying illumination”, Image and Vision Computing, Vol. 23,

No.3, pp. 353-364, Mar. 2005.�

[7] Y. Fang, and T. Tan, “A novel adaptive color segmentation algorithm and its application to skin detection”, The Eleventh British Machine

Vision Conference (BMVC2000), University of Bristol, Sep. 2000.�

[8] R. L. Hsu, A. M. Mohamed, and A. K. Jain, “Face detection in color images”, IEEE Transactions on Pattern Analysis and Machine

Intelligence, Vol. 24, No. 5, pp. 696-706, May 2002.�

[9] 林群雄，”基於三角幾何學及顏色特徵作人臉偵測、人臉角度分類與人臉辨識”，國立中央大學博士論文，90年。�

[10] P. Viola, and M. Jones, “Robust Real-time Object Detection”, Second International Workshop on Statistical and Computational Theories

of Vision–Modeling, Learning, Computing, and Sampling, Vancouver, Canada, July 2001.�

[11] T. Mita, T. Kaneko, and O. Hori “Joint Haar-like Features for Face Detection”, Tenth IEEE International Conference on Computer

Vision (ICCV 2005), Beijing, China, Vol. 2, pp. 1619-1626 , Oct. 2005.�

[12] B. K. Julsing, “Face Recognition with Local Binary Patterns”, Research No. SAS008-07, University of Twente, Department of Electrical

Engineering, Mathematics & Computer Science (EEMCS), May 2007.�

[13] H. Jin, Q. Liu, X. Tang, and H. Lu, “Learning local descriptors for face detection”, IEEE International Conference on Multimedia and

Expo. (ICME 2005), Amsterdam, Netherlands, pp. 928-931, July 2005.�

[14] L. He, C. Zou, Li Zhao, and Die Hu, “An enhanced LBP feature based on facial expression recognition”, 27th Annual International

Conference of the Engineering in Medicine and Biology Society ( EMBS 2005), Shanghai, China, pp. 3300-3303, Sep. 2005.�

[15] H. Jin, Q. Liu, H. Lu, and X. Tong, “Face detection using improved LBP under Bayesian framework”, Third International Conference on

Image and Graphics (ICIG’04), Hong Kong, China, pp. 306-309, Dec. 2004.�

[16] L. Zhang, R. Chu, S. Xiang, S. Liao, and S. Z. Li, “Face detection based on multi-block LBP representation”, International Conference on

Biometrics (ICB 2007), Korea, Seoul, pp. 11–18, Aug. 2007.�

[17] T. Ojala, M. Pietikainen, and D. Harwood, “A comparative study of texture measures with classification based on feature distributions”,

Pattern Recognition, Vol. 29, No. l, pp. 51-59, 1996.�

[18] S. H. Huang, and S. H. Lai , “Detecting faces from color video by using paired wavelet features”, Conference on Computer Vision and

Pattern Recognition Workshop (CVPRW’04), Washington D.C., USA, Vol. 5, pp. 64-71, June 2004.�

[19] L. Zhang, and W. Lu, “Application of algorithm based on wavelet and laws texture measure in vegetation segmentation”, College

Mathematics, Vol. 21, No. 2, Apr. 2005.�

[20] H. A. Rowley, S. Baluja, and T. Kanade, “Neural network-based face detection”, IEEE Transactions on Pattern Analysis and Machine

Intelligence, Vol. 20, No. 1, pp. 23 – 38, Jan. 1998.�



[21] S. A. Nazeer, N. Omar, K. F. Jumari, and M. Khalid, “Face detection using artificial neural network approach”, First Asia International

Conference on Modelling & Simulation (AMS'07), Thailand, pp.394-399, Mar. 2007.�

[22] R. Gottumukkal, and V. K. Asari, “Real time face detection from color video stream based on pca method”, Applied Imagery Pattern

Recognition Workshop (AIPR’03), Washington D.C., USA, pp. 146-150, Oct. 2003.�

[23] E. Osunay, R. Freund, and F. Girosiy, “Training support vector machines an application to face detection”, IEEE Computer Society

Conference on Computer Vision and Pattern Recognition (CVPR'97), Puerto Rico, pp. 130-137, June 1997.�

[24] H. C. Kim, S. Pang, H. M. Je, D. Kim, and S. Y. Bang, “Constructing support vector machine ensemble”, Pattern Recognition, Vol. 36,

No. 12, pp. 2752-2767, Dec. 2003.�

[25] C. Y. Chang, and H. H. Chang, “Adaptive color space switching for face tracking”,第十一屆人工智慧與應用研討會(TAAI 2006), 高雄, 

台灣, pp. 145-151, Dec. 2006.�

[26] J. J. Rodriguez, and J. Maudes, “Boosting recombined weak classifiers”, Pattern Recognition Letters, Vol. 29, No. 8, pp. 1049-1059, June

2008.�

[27] J. Meyneta, V. Popovicib, and J. P. Thirana, “Face detection with boosted Gaussian features”, Pattern Recognition, Vol. 40, No. 8, pp.

2283 – 2291, Aug. 2007.�

[28] Y. S. Huang, and W. C. Liu, “A robust light-invariant face detector”, 第十二屆人工智慧應用研討會 (TAAI 2007), 雲林, 台灣, 2007.�

[29] G. Pogosyan, “The number of cascade function”, 29th IEEE International Symposium on Multiple-Valued Logic, Freiburg im Breisgau,

Germany, pp. 131 – 135, May 1999.�

[30] R. E. Schapire, “A brief introduction to boosting”, Proceedings of the Sixteenth International Joint Conference on Artificial Intelligence

(IJCAI 99), Stockholm, Sweden, pp.1401-1406, 1999.�

[31] D. S. Wei, and L. Q. Li, “Improvement of Adaboost face detection”, Computer Applications, Vol. 26, No. 3, Mar. 2006.�

[32] H. C. Wang, and L. M. Zhang, “A novel fast training algorithm for Adaboost”, Journal of Fudan University (Natural Science), Vol. 43, No.

1, Feb. 2004.�

[33] K. Dupree, N. R. Gans, W. MacKunis, and W. E. Dixon, “Euclidean calculation of feature points of a rotating satellite: a daisy chaining

approach”, Proceedings of the 2007 American Control Conference (ACC'07), New York, USA, pp. 3874-3876, July 2007.�

[34] Z. Pan, K. Kotani, and T. Ohmi, “An improved full-search-equivalent vector quantization method using the law of cosines”, IEEE

Transaction on Signal Processing Letters, Vol. 11, No. 2, pp. 247-250, Feb. 2004.�

[35] E. H. Han, G. Karypis, and V. Kumar, “Text categorization using weight adjusted k-nearest neighbor classification”, 5th Pacific-Asia

Conference on Knowledge Discovery and Data Mining (PAKDD 2001), Hong Kong, China, pp. 53-65, 2001.�

[36] C. Apte, F. Damerau, and S Weiss, “Text mining with decision rules and decision trees”, Conference on Automated Learning and

Discovery, Carnegie-Mellon University, USA, June 1998.�

[37] A. McCallumzy, and K. Nigamy, “A comparison of event models for naive bayes text classification”, Workshop on Learning for Text

Categorization, Madison, Wisconsin, pp. 41-48, July 1998.�

[38] K. Jearanaitanakij, “Classifying continuous data set by ID3 algorithm”, Fifth International Conference on Information, Communications

and Signal Processing (ICICS 2005), Bangkok, Thailand, pp. 1048-1051, Dec. 2005.�

[39] S. Krasser, Y. Tang, J. Gould, D. Alperovitch, and P. Judge, “Identifying image spam based on header and file properties using c4.5 decision

trees and support vector machine learning”, IEEE SMC Information Assurance and Security Workshop (IAW '07), West Point, New York, pp.

255-257, June 2007.�

[40] L. G. Valiant, “A theory of the learnable, artificial intelligence and language processing”, Communications of the ACM, Vol. 27, No. 11,

pp. 1134-1142, Nov. 1984.�

[41] R. E. Schapire, “The strength of weak learnability”, Machine Learning of the ACM , Vol. 5, No. 2, pp. 197-227, 1990.�

[42] Y. Freund, and R. E. Schapire, “A decision-theoretic generalization of on-line learning and an application to boosting”, Journal of

Computer and System Sciences, Vol. 55, No. 1, pp. 119-139, 1997.�

[43] V. Vapnik, S. E. Golowich, and A. Smola, “Support vector method for function approximation, regression estimation, and signal processing

”, Proceedings of the Advances in Neural Information Processing Systems, Cambridge Massachusetts, pp. 281-287, 1997, MIT Press.�

[44] C. C. Chang, and C. J. Lin, “Training ν-support vector classifiers: theory and algorithms”, Neural Computation, Vol. 13, pp. 2119-2147,

2001.�

[45] C. C. Chang, “Study on new support vector machines”, 國立台灣大學碩士論文, 2001.�

[46] C. W. Hsu, and C. J. Lin, “A simple decomposition method for support vector machines”, Machine Learning, Vol. 46, pp. 291–314, 2002.�

[47] U. Ahlvers, R. Rajagopalan, and U. Zolzer, “Model-free face detection and head tracking with morphological hole mapping”, 13th

European Signal Processing Conference (EUSIPCO'05), Antalya, Turkey, Sep. 2005.�

[48] J. Barreto, P. Menezes, and J. Dias, “Human-robot interaction based on haar-like features and eigenfaces”, IEEE International Conference

on Robotics and Automation (ICRA '04.), Barcelona, Spain, Vol. 2, pp. 1888- 1893, Apr. 2004.�

[49] M. Petrou and P. G. Sevilla, “Image processing dealing with texture”, John Wiley, pp. 502-582, 2006.�



[50] 張宏林編著，“Visual C++ 數字圖像模式識別技術及工程實踐”，求是科技, pp. 452-459, 2003。�

[51] C. Messom, and A. Barczak, “Fast and efficient rotated Haar-like features using rotated integral images”, Australian Conference on

Robotics and Automation. (ACRA2006), Auckland, New Zealand, pp. 1-6, Dec. 2006.�

[52] 周暉，”紋理分割方法及其應用與研究”，國防科技大學碩士論文, 2005.�

[53] K. Laws, “Textured image segmentation”, Ph.D. Dissertation, University of Southern California, January 1980.�

[54] S. Y. Yang, and C. T. Hsu, “Moving objects extraction for surveillance videos by background subtraction method”, 影像與識別, Vol. 13,

No. 1, pp. 34-54, 2007.�

[55] H. W. Lin, S. Q. Yang, Z. J. Xia and C. Y. Kang, “A moving objects detection approach for smart sensor”, Proceedings of the Fifth

International Conference on Machine Learning and Cybernetics, Dalian, pp. 3751-3754, Aug. 2006.�

[56] D. J. Dailey, F. W. Cathey, and S. Pumrin, “An algorithm to estimate mean traffic speed using uncalibrated cameras”, IEEE Transactions

on Intelligent Transportation Systems, Vol. 1, No. 2, pp. 98-107, June, 2000.�

[57] M. Soriano, B. Martinkauppi, S. Huovinen, and Mika Laaksonen, “Skin detection in video under changing illumination conditions”, 15th

International Conference on Pattern Recognition, 2000. Proceedings, Barcelona, Spain, Vol. 1, pp. 839-842, Sep. 2000.�

[58] X. He, Z. M. Liu, and J. L. Zhou, “Real-time human face detection in color image”, Proceedings of the Second International Conference

on Machine Learning and Cybernetics (ICMLC 2003), Xi’an, China, Vol. 5, pp. 2915-2920, Nov. 2003.�

[59] S. J. Mckenna, S. Gong, and Y. Raja, “Modelling facial colour and identity with gaussian mixtures”, Pattern Recognition, Vol. 31, No. 12,

pp. 1883-1892, 1998.�

[60] 莊國楨，”快速人臉偵測演算法之研究”，私立大葉大學碩士論文，95年。�

[61] 陳南樺，”基於小波與支持向量基演算法之人臉偵測研究”，私立大葉大學碩士論文，96年。�

[62] C. H. Lee, J. S. Kim, and K. H. Park, “Automatic human face location in a complex background using motion and color information”,

Pattern Recognition, Vol. 29, No. 11, pp. 1877-1889, 1996.�

[63] E. Y. Lam, “Combining gray world and retinex theory for automatic white balance in digital photography”, Proceedings of the Ninth

International Symposium on Consumer Electronics (ISCE 2005), Macau, pp. 134-139, June 2005.�

[64] 徐靜云，“複雜背景下人臉檢測與識別技術研究”，山東理工大學碩士論文，2007。�

[65] W. K. Pratt, “Digital image processing”, John Wiley & Sons, California, pp. 64-87, 2001.�

[66] J. C. Terrillon, M. N. Shirazi, H. Fukamachi and S. Akamatsu, “Comparative performance of different skin chrominance models and

chrominance spaces for the automatic detection of human faces in color images”, Fourth IEEE International Conference on Automatic Face and

Gesture Recognition, Grenoble, France, pp. 54-61, Mar. 2000.�

[67] 繆紹綱編譯，“數位影像處理 第二版”，pp. 330-371，普林斯頓國際有限公司，台北，2005。�

[68] 徐曉珮譯，“數位影像處理”，pp. 136-442,高立圖書有限公司，台北，2005。�

[69] K. Hildrum, J. Kubiatowicz, S. Ma, and S. Rao, “A note on the nearest neighbor in growth-restricted metrics”, ACM Special Interest

Group on Algorithms and Computation Theory (SIGACT), New Orleans, Louisiana, pp. 560-561, 2004.�

[70] 劉鴻明，蔡孟達，與張元祥，”應用於影像縮放技術之內插法評估研究”，中華理工學刊，電機工程專刊，Vol. 3，No. 5，pp.

43-49，Sept. 2005.�

[71] C. H. Kim, S. M. Seong, J. A. Lee, and L. S. Kim, “Winscale: an image-scaling algorithm using an area pixel model”, IEEE Transactions

on Circuits and Systems for Video Technology, Vol. 13, No. 6, pp. 549-533, June 2003.�

[72] E. Aho, J. Vanne, K. Kuusilinna, and T. D. Ha"ma"la"inen, “Commentsand corrections”, IEEE Transactions on Circuits and Systems for

Video Technology, Vol. 15, No. 3, pp. 454-455, Mar. 2005.�

[73] 黃金鳳，”人臉檢測系統的設計與實現”，華僑大學碩士論文，2007。�

[74] C. C. Chang, C. J. Lin, “LIBSVM: A library for support vector machine”,  http://www.csie.ntu.edu.tw/~cjlin/libsvm/ , 2003.�

[75] MIT-CBCL資料庫網址 http://cbcl.mit.edu/cbcl/software-datasets/FaceData2.html [76] Caltech資料庫網址 

http://www.vision.caltech.edu/html-files/archive.html [77] MIT-CMU資料庫網址  http://www.ius.cs.cmu.edu/idb/ [78] Bernd Girod, 

“Digital image processing”  http://www.stanford.edu /class/ee368.�

[79] OpenCV: Open Source Computer Vision Official webpage:  http://www.intel.com/technology/computing/opencv/ Software download: 

http://sourceforge.net/projects/opencvlibrary/


