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Abstract 

 III  

Adaptive Visual Object Tracking 

Han Zhen-jun  (Computer Application) 

Directed by: Jiao Jian-bin (Professor) 

Moving objects tracking is one of the most important branches in the computer 

vision, which combines advanced technologies and research achievements in image 

processing, pattern recognition, artificial intelligence, automatic control and other 

relative fields. It has widely applied in video surveillance, robot navigation, video 

transmission, video retrieval, medical image analysis, meteorological analysis, and 

other fields. Therefore, this subject has important theoretical significance and wide 

practical value. 

However, due to the object appearance variation, object occlusion and dynamic 

tracking background, tracking failures often happens. In this paper, we propose 

adaptive visual object tracking methods/framework in order to solve these tracking 

problems. The contributions of this paper are summarized as follows. 

1) A combined feature set for adaptive object tracking The basic idea of using 

the combined feature set is that an object can often be well characterized by both the 

color (HC) and the contour (HOG) representation or either of them. The combined 

feature set is the evolvement of color, edge orientation histograms and Scale Invariant 

Feature Transform (SIFT) descriptors. We propose an approach to reduce the 

orientation sensitivity of the HOG features by calculating the dominant orientation of 

the object.  

2) A novel feature evaluation approach of temporal consistency In each frame, 

the proposed evaluation approach adjusts the confidence of each feature based on the 

discriminative abilities of the feature bins in current video frame and the confidence 

of each feature in the previous video frames. The evaluation is formulated in the 

traditional filter frameworks so that the discriminative abilities of current frame and 

the temporal consistency from previous video frames are well comprised. The 

proposed feature evaluation approach extends the function of traditional filter 

framework from modeling motion states to modeling feature evaluation problem. To 

our knowledge, this is the first research of such function extension. 

3) A novel adaptive sparse feature selection approach Based on the first M 

tracking frames, we construct an online training sample set for sparse feature selection 

by calculating the L1-norm minimization. The selected sparse representation can 

distinguish the object and its background well; whatôs more, the proposed evaluation 
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approach in filter frame is used to evaluate the sparse representation.  

4) A new adaptive tracking framework based on hierarchical sparse 

representation and sparse Reconstruction Based on the predefined searching 

window, we construct a reconstruction sample set. With the adaptive sparse 

representation of the tracked object, we calculate its adaptvie intantaneous 

reconstruction coefficient vector. Finally, we track the object based on the sparse 

reconstruction vector.  

 

Key Words: Visual Object Tracking, Feature Evaluation, Feature Selection, Filter, 

Sparse Representation, Sparse Reconstruction
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1.1 ɻ ӎ 

1.1.1  

ԍ ⅞(973 ⅞)ȁ ץ

Ҭ ñ ֲ ⅞ò ꜛ Ȃᵬ ᵬ ̆ ҍԅץҊ ̔ 

1ȁñ ԍ ҹ ò̆

̂ ̔61039003̃̆2011.01-2014.12̆ ̕ 

2ȁñ ≢ҍ Ἕ ҍ ò̆ 973 ⅞

̂ ̔2010CB731804-2̃̆ 2010.01-2014.12̆ ̕ 

3ȁñ Ҋꜚ ò̆ Ҭ  ñ ֲ ⅞ò

ᴨ ̂ ̔99T3009EA2̃̆2009.01-2011.12̆ ̕ 

4ȁ ñ Ҭ ֲᵣ ῏ ò̆  

҉ ̂ ̔60872143̃̆ ̕ 

5ȁñ Ҋ ꜚ ≢ ò̆

҉ ̂ ̔60672147̃̆2007.01-2009.12̆ ̕ 

6ȁ ñ ò̆ ֤´ ̆ Ȃ 

1.1.2 ӎ 

ԍ Ҋץ̂ ҹ ᵬ̃ҹ

ӊѿ̆ῒҺ ᴏ ꜚ ⱳ

̆ Ἕ ⌠ Ἕ ↓ № ̆ ₮ ꜚ ѿ ἝҬ

ᵝ ̕ ̆ ꜚ ῏ ṿ̆ Ἕ ↓Ҭ ѿ ꜚ

῏ ̆ ⌠ ἝҬ ꜚ ץ Ἕ ꜚ

῏ ׆̆ ⌠ ҩ ꜚ ꜚ Ȃ ̆

Ҋѿ ἝҬ ⌠ ℗ᵝ ̆ ҹ

ꜚ └ȁ ↓№ ᶫ ꜚḤ Ȃ 

ҍᴰ ̆ Һ ᴇ ΐ̆

ᴇ Ȃ ꜚ ᵬ ̆ ᵬ Ҍ ̆Ҍ ᶶ
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̆ΐ ѿ ⱬȂ Ҭ̆

ױֲ ׆ ҉ ⌠ Ἕ̆ΐ Ȃ 

50 ̆ ´Ԋ└ ȁ ȁ

ῃ ȁ ֜ ȁ ץ № Ȃᶛ ̆

ȁ Ὲ῍ ᶏ ̕ ̆

ץ ȁ ȁ ȁ֜ Ԋ ȁ ֜ ’̆

ԍ ֜ Ȃ ̆ ᴪ ȁ № ȁ

ȁ ԍ ꜚ№ ȁ ԍ ꜚḤ ᴍ ≢ȁ Ἕ ȁ

ȁ ȁ Ἕ№ ȁ ȁ ᴆ Ӟ
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̆ ╠ ̆ѿ ӈ҉ Ȃ ₮

ȁ ҹ Ȃ ꜚ

Ἕ Ҭ̆ ꜚ Ἕ ̆ ֓ Һ

ԍ҈ҩ ̔1ȁ ꜚ ̂ ȁ ȁ ̃̕ 2ȁ ꜚ

̕3ȁ ꜚ ̂ᾣ ȁ Ἕ Ȃ̃ ֓ ’ ᶏ

ꜚ ⱴ Ȃ ѿ ҉

ꜚ ̆ᵖ ֓ ̔1ȁ ╠

ԍ ѿ ῒ̆Һ Ҍ 2̕ȁ

№ ҍ ̆ ҍ ᵌ

̆ ᴪ ̕3ȁ ԍ ꜚ

‰ ̆ ̆ ᴪ Ȃ Ҭ̆

ꜚ Ҭ ῏ Ӟ̆ Ȃ ‗

‗̔1ȁ ᵥ ׆̆ ᶏ ⱴ

‰ ̕2ȁ ᵥᶏ №╠ / ץ ױז

׆̆ ᶏ ΐ ̕3ȁ ᵥ ӈ

׆̆ ᶏ ’Ҋ Ȃ 

1.2 Ὺ  

ԍ [1-21]Ȃ ᴪ

´ Ҋ ꜚ ȁ ≢ ῒ
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Ȃ ꜛ ῏Ὲ ῏ ̆

̂Department of DefensĕDoD ȁ̃  (Defense Advanced 

Research Project Agency̆ DARPA)ȁ ´ ᴪ(Night 

Vision and Electronic Sensors DirectorateN̆VESD)ȁ ´ SBIR(Small Business 

Innovation Research) ̆ ´ Ҋ ԊҬ (Navy Underwater Warfare 

Center̆  NUWC) Ӟᾢ ꜛ ῒ ῏

ԅ Ȃ 20ҕ 50 ∆ף ̆GACῈ ҹ ´ └

ԅ ꜚ ≢ ̂Automatic Terrain Recognition and Navigation 

System̆ ATRAN Ȃ̃ ₃ ̆ ₮̆DARPA

ԅ ꜚ ≢ ᵬ ATRWĜAutomatic Target Recognition Work Group̃

≢ ῏ Ȃ 

̆ ≢ ᴪ ℮Ӟ ԅ

̆ ̔Int. Conf. on Computer Vision and Pattern Recognition (CVPR)ȁInt. 

Conf. on Computer Vision(ICCV)ȁEuropean Conf. on Computer Vision(ECCV)ȁ

Asian Conf. on Computer Vision(ACCV)ȁInt. Conf. on Pattern Recognition(ICPR)ȁ

Int. Journal of Computer Vision(IJCV)ȁIEEE Trans. on Pattern Analysis and Machine 

Intelligence(PAMI)ȁIEEE Trans. on Image ProcessingȁPattern RecognitionȁImage 

and Vision Computing Ȃ 

Ἕ № ȁ ץ Ἕᴰ

̆ ῤѿ֓ [22-34]Ȃ ̔Ҭ

ᾢ ֲ Ḥ ԍᵣ Ҭ №◓ ȁ

№ Ҭ̕ ꜚ ≢ Ἕ №

ԅֲᵣ ꜚ № ȁ֜ ҹԊᴆ№ ȁ֜

̕ ԍ Ҭ ᶶ ΐ

ꜚ ȁ ῃ ⱳ ̕ ֜ ֲ ҍ ֲ

ᶏ ᾣ ң └Ҭ ԅ ῀ Ȃ 

ԍ ̆ ץ ꜚ ȁ ꜚ ᵝ ӈ

Ȃ ֲ ԅ [1-34]̆ ֓ ҹ҈№ץ

ҩҺ ̔1ȁ ̕2ȁ ̕3ȁ
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Ȃ 

1.2.1  

℗ ῏Ȃ Ҭΐ

ᵬ Ȃ ̆ ΐ ѿ ̆ ץ ׆ Ҭ

№₮ Ȃᶛ ԍ ԍ ̆ ᵬҹ Ȃ

Ҭ Ҋ[1]̔ 

1ȁ  Һ ңҩ ‗ ̆ѿҩ ᾣ ⱳ № ̆

ѿҩ Ȃ Ἕ ̆RGB ̆

ᵖ RGB ҉ Ҍ ȂL*u*v* L*a*b* ̆

HSV ᵌ ̆ᵖ ֓ Ȃ 

2ȁ  ҍ ̆ ѿҩ ᾣ Ҍ Ȃ ╠

ҹ Canny [35]Ȃѿ ῏

[36]Ȃ 

3ȁᾣ  ᾣ ӈԅἝ ᵝ ῒ̆ Ẋ Ἕ

Ἕ ӊ ֦ Ҍ ⌠[37-39]Ȃᾣ ԍ ꜚ №◓

ҍ Ȃѿ ῏ᾣ [40]Ȃ 

4ȁ  ֦ ̂ ̆ ȁ ↕ ̃ ѿ

Ȃ ̆ ѿҩ ֟ Ȃ

̆ ῍ ȁLaws ȁ ȁ [41-43]Ȃ

ҍ ᵌ̆ ԍᾣ ӞҌ Ȃ 

Ҭ̆ ᶏ ҹ Ȃᵖ ̆ ԍ

ᾣ ̆ ̆ Ҋᾣ ̆ ῒז ̂ ̆

ȁ ̃ Ȃ ̆ ԍ ⱴ‰

ѿ Ȃ 

1.2.2  

ץ ῒ ̆ ≠ Ἕ Ҭ

‰ ⌠ Ȃ ╠ M̆ean-Shift [10, 101] ҹ ᶏ

ῒ̆≠ ̆ ₮
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Ҭ ѿҩ ԇѿҩ ṿ ׆̆ ֟ ₮ѿ Ἕ̆

ᵝȂMean-Shift ѿ ᵀ ̆ ԅ

ȁѿ ԋ ᵀ Ȃ 

1.2.3 ꜠  

ꜚ Һ ≠ ꜚḤ ╠ ꜚ

ץ ꜚᵝ Ȃ ῒꜚ ғ ׆ №

̆ ץ ̂Kalman Filter̃ [20, 44]̆ғ ⌠ ᴨ

Ȃ ῒꜚ ғׅ ׆ № ̆ ץ Taylor

ῒ ׆̆ ⌠ ̂Extended Kalman Filter̃Ȃ

ῒꜚ ғ № ̆ ’

Ҭ ̆ ̆ ̂ ҹ ↓ ̃[7, 21]ҹ

‗ ᶫԅѿ ̆ῒ ѿҩ ̂Ӟ ҹ ̃

ᵌ ̆ ѿҩ ѿҩ ̆ ꜚ

Ҭ ѿҩ Ҋѿҩ ┴ ᴰ ̆

ᴇȂ 

1.3 Ӏ ⅎ  

1.3.1 ⅎ  

ᶭ Ҍ № ‰ ץ Ҍ № Ȃ 

1ȁ ץ  №ҹ

[45-47]ң Ȃ ԍ ̆ ΐ

̆ ̔ ‗ ╠ ӊ ȁ ӊ ԑ

ӊ № ҍ Ȃ 

2ȁ ץ  №ҹ↨

↨ Ȃ↨ ῖ ף Ȃ ץ

҈ ῒ Ȃ ↨ ῖ ף ֲᵣ

Ȃ ץ ῒ№ ҹ ↨ ῒӊ ԑ῏

Ȃ 

3ȁ Ἕ  Ἕ ץ №ҹ Ἕ
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Ἕ [48-54]Ȃ ԍ ҩ Ἕ ̆ ҩ ̆

ץ ҩ Ἕ Һ ᴨ ԅ Ἕ Ȃ ѿ ̆ ԍ ҩ

Ἕ ᶏ ᶏ № Ḥ ҹ ̆ ҹ Ҭ₮

‗ ᶫԅ ꜛȂ 

4ȁ Ἕ ꜚ Ἕ ꜚ ץ №ҹ Ҋ

ꜚ Ҋ Ȃ Ἕ ’Ҋ̆ ץ

⁞ [55-58] ꜚ ̆ ῏

⌠ Ȃ Ἕ ꜚ ’Ҋ̆ ̆ ץ

Ԋᾢ ⌠ ̆ ῒ Ȃ 

5ȁD  ᴰ ץ №ҹ ᾣ Ἕ

ᾣ ץ Ἕ ̆ Ἕ [59] Ȃ ԍ ᾣ Ἕ̆

Ἕ ץ ᶫῃ Ṝ Ḥ Ȃ ₮ [60]̆ [61]

ΐ ̆ Ҭ ѿ֓

׆ ֓ Ṣ Ȃ 

6ȁ ץ  №ҹ

Ȃ Һ̆ Ạ₮

Ȃ Ҭ ѿҩֲ ѿ ҽꜚ ̆

Ạ₮ Ȃ Һ ̆ └ᵬ Ȃ ԍ

Ҍ ̆ Ȃ 

1.3.2 Ӏ   

№ҹ ң Ȃῖ

ῐ ̆ ᾢ ̆ ȁ № ȁ Ḥ

ԍ Ȃ Ԋᾢ ᵌ ₱ ̆ ╠

ῤ̆ ף ⌠ҍ ҹ ᵌ

Ȃ ≠ ╠ ꜚ ̆ ῀

ԅ ̆ Ҍ ̂ ₱ ̃ҍҌ ̆

׆ ҌῬẊ ꜚ ῀ҍ ₮ ῃ Ȃ 

1.3.2.1  

ᵌ ץ №
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ҹ̔ ԍ [62]ȁ ԍ [32]ȁ ԍ

[63] ԍ Mean-Shift [10]Ȃ 

ԍ Ҍ ꜚ ᵣ ̆ Ҍ῏ ΐᵣ ꜚ

̆ ῒ ̂ SIFT ̃ Ȃ ԍ Ἕ

̆ ץ ҹ ֓ ꜚ ҉ ̆ ≠ץ ῒ

ҩ Ȃ ↨ᵣ ꜚ ↨ᵣ ꜚ ≠̆ ԍ

Һ ңҩ Ȃ Ҭ

̆ ғ ̕ Ҭ

╠ ἝҬ ҍ ̆

׆̆ Ȃᶛ ᶏ ֲᵣ ꜚ ̆ ᾢ

ѿҩֲ ѿҩ ̆ ῤ

̆ Ҭ ҍ ׆̆

⌠ ᶃ ᵝ Ȃ ԅ ѿ ̆ ץ

ҩ Ḥ ᵬҹ ̆ Ȃ ̆ ꜚ

̆ ץ ҩ ᵬҹ ̆ Ӟ ҹ Ȃ 

ԍ ἝҬ ꜚ ῍ Ḥ

ᵬҹ ѿ Ȃ ἝҬ ῍ Ḥ ȁ

Ȃ Ҍ ↓Ҭ ⌠ ῃ Ḥ ̆ Ṝ

ҍ ӊ ῏ ᶃᵝ Ȃɒ

̆[64]≠ ῤ ֲᵣ Ȃ ֲᵣ ᵬ ȁ

ȁ № ᵣ̆ №≢ ҩ

ҩֲᵣ Ȃ ̆ ≠ ᵀ

₃ᵥ ꜚ Ȃ 

ԍ Ӟ̆ ꜚ

̆ Ἕ ↓Ҭ ҩ Ȃ ̆

Ҭ № ↨ᵣ ῒ̆ Ҍ Ȃ ᶏ ↨

ᵣ ̆ ԍ Ҍ Ӟᴪ ῒ ҌẢ ̆

⌠‰ ₃ᵥ Ȃ ѿ̆֓ ₮

Ȃ ╠ ң ҹ ̔ Ȃ
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╠ Һ ѿ֓ ᴆ( ȁ ) ᴋ

ꜚ ̕ ᶏ Ὲ Ὲ Ȃ 

ԍ Mean-Shift ⱴ

̆ Ҋ ף ȂMean-Shift

Fukunaga ֲԍ 1975 ₮ ̆ Mean-Shift ̆ ╠

Mean-Shift ѿ ѿҩ ף ̆ ᾢ ₮ ╠ Ẓ ṿ̆ ꜚ

⌠ῒẒ ṿ̆ ץ ҹ ꜚ̆ ⌠ ѿ ᴆ Ȃ

Mean-Shift ̆ ᴆ Ȃ ԅ ̆ ҩ

Ҍ ῀Ȃ ԍ № ᵀ ̆ ץ

ṿ̆ ⁞ ԅ ̆ ץ ΐ Ȃ

Mean-Shift ԍ ̔לҊ₃ҩᴨץ ᾢ̆ Ҍ ̆

’Ҋ ῃ ⌠Ạץ ῒ̕ ᵬ̆ҹѿҩ ᵀ

̆ ῒז ᶏ ̕ ̆ ⱴ ̆ № ȁ

ȁ ꜚҌ Ȃᵖ ̆ῒӞ Ҍ ӊ ̆ ̔ ӎ

̆ ҩ Ҭ Ḡ Ҍ ̆ ̆

̕ ѿ ̆

ᵌ ̆ Ҍ ̕ ̆Mean-Shift ᴨ ᴨ

̆ ₮ ҩ ṿ ̆ ᴪ ԍ ᴨṿ

Ȃ 

1.3.2.2  

Kalman ץ[20] [7,21]

Ȃ≠ ᵀ ꜚ̆ ꜚᵝ ԅ ᵀ

̆ ץ ῤ ̆ Ȃ

≠̆ ꜚ ̆ ץ Ḃ ῤ

̆ ₮ Ȃѿ ӈ҉̆ ӈ ҹ kx ̆ῒ ѿ

ҩ ( , , , )Tx y x ys s v v ̆ № №≢ ꜚ ҉ ᵝ

҉ Ȃ ԍ Ҭ̆∆

̂ ̔ ȁᵝ ̃̆ ᶏ Ҍ‰ ’Ҋ̆ ף ̆҉

ׅ ‰ץ ᵀ ₮ ꜚ ΐ̆ Ȃ
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ᴨ 1̔ȁ ̆ ץ ᴋ ѿ ᵬҹ∆ 2̕ȁ

̆ ̕3ȁ ΐ Ẓȁ ᴨ Ȃ 

1.4 Ὺ  

Һ ₮ԅ ԍ ̆

ᴰ ῤ̆ ᵀ̆

ᶏ̆ῒ Ҭ

№ ⱬץ ⱬ̆

̆ᶏῒ ’Ҋׅ ΐ

ȂҺ ῤ Ҋ̔ 

1ȁ ₮ԅѿ Ȃ ԍ

̂Histogram of Color, HC̃ ̂Histogram of Oriented Gradient, 

HOG̃ HOGĈ Histogram of Oriented Gradient and Color̃ ԅ

ȁ ץ Ȃ ̆ ԍ SIFT̂ Scale Invariant Feature 

Transform̃ Һ ̆ ѿ ԅ

̆ ѿ ҉ ‗ԅ HOG Ȃ 

2ȁ ԍ ̆ ₮ԅ ԍ

Ȃ ԍ╠ ̂ ̃/ Ḥ ץ ῏ ̆

ᵀ ῀⌠ᴰ Ҭ Ḡ̆ ̆ ΐ

Ȃ ԍ ᵀ ׆ ꜚ

⌠ԅ ᵀ̆ ԅᴰ ̆ ̆ ѿ

҉ ‗ԅ ╠ / Ҭ Ȃ 

3ȁ ԍ ̆ ѿ ₮ԅ ԍ

Ȃ ∆ Ҭ ̆ ץ

׆̆ ⌠ ΐ ╠ / №

Ȃ ̆ ԍ ᵀ̆ Ḡ

ΐ № ҉̆ ѿ Ḡ ׆̆

‗╠ / Ҭ Ȃ 

4ȁ ԍ ̆ ₮ԅ ԍ№ ҍ

Ȃ Ҭ̆ ԍ ץ
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ԍ ̆

׆̆ № ̆ Ȃ

₮ ‗╠ / ̆ ‗

Ȃ Һ ῤ 1-1  ̔

 

1-1 ῤ  

 

1.5  

ѿ ̆ ȂҺ ԅ ӈ̆№ ԅ

ῤ ץ Ҭ ̆ ₮ԅ Һ

ῤ ̆ ԅ Һ Ȃ 

ԋ ̆ ȂҺ

Ȃ 

҈ ̆ ԍ Ȃ ׃ ԅ ԍ

ᵀ Ȃ№≢ Kalman

Ҭ ̆ ₮ԅ Ҋ ꜚ

׆̆ ꜚ ᵈ ȁ╠ / ꜚ

’Ҋ ̆ ҍᴰ ԅ

ԅ№ Ȃ 

̆ ԍ Ȃ ׃ ԅ ԍ

ᶏ̆ ΐ

╠ / № Ȃ Ҭ ᵀ̆

ᵈ ȁ ȁ  

ꜚ ҍ  

№ /ῃ  

ѿ ȁҌ ȁ  

ᵀ 

 

ҍ  ‗ ̔  
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ѿ Ḡ ΐ Ȃ ̆ ₮ԅ

Ҋ ꜚ ׆̆ ꜚ ᵈ

ȁ ȁ╠ / ꜚ ’Ҋ ԅ ̆

ҍᴰ ԅ ҍ№ Ȃ 

ԓ ̆ ԍ№ ҍ Ȃ

׃ ԅ ԍ Ȃ

ᶏ ΐ № ̆ Ḡ

№ ’Ҋׅ ׆ Ҭ

̆ᶏ ‗╠ / ̆ Ӟ ‗

Ȃ ̆ ₮ԅ Ҋ ꜚ

׆̆ ꜚ ᵈ ȁ ȁ╠ / ꜚ ȁ №

’Ҋ ԅ ̆ ҍᴰ

ԅ ҍ№ Ȃ 

̆ ᵬ ԅ ᵬ ԅ Ȃ ᵥ ѿ

ȁ‰ ԅ Ȃ 
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ԑ   

ץ Kalman ҹף ̆ᴰ ᶷ ԍ ѿҩ

̆ ꜚ Ȃ ̆ ױֲ

ֲ̆ ױ ᵬҹ ≢Ҭѿҩ№

[11, 23, 32]̆ ᵥ ̂╠ ̃ҍ ̂ ̃

№ ᶏ̆ ԍ╠ Ἕ ׆̆

Ȃ ╠ № ҹ ԅ

ѿ ̆ ԅ ╠ Ȃ׆ ҉ ̆ᴋᵥ ≢Ҭ

№ ץ Ȃᵖ ̆ ԍ ̆ № ҍ

̆ ᴰץ № Ҭ № ץ Ȃ 

2.1 ԓ╦  ב

Collins Liu[11] ₮ԅѿ ԍ╠ ̆ ѿ

ΐ ╠ № ̆ Һ ԍ╠ ҍ

ᵌ ȂCollins[11]

ȁ ӊ № ץ ₮ԅѿ ԍ

Ȃױז ₮ RȁG B ̆

ӈ Ҋ̔ 

1 1 2 3 *{ | [ 2, 1,0,1,2]}F w R w G w B w= + + Í - -
           (2-1) 

ῒҬ̆ ҩ № *w ṿ ҹ[-2,2]ӊ ̆ ↕҉Ḃᴪ

⌠ 125 ԍ҈ № Ȃ ӊ Όᵩ̆ɒ ҈ҩ №

’ӊ ̆ ⌠ 49 ׆̆ ԅױז ӈ

Ȃ ̆ ѿ ⌠ 0-255ӊ ̆ ⌠

ҹ ̆ ⌠ Ҭ ҩ

Ȃ Ҋ҈ҩᴨ ̔1ȁ ̆ ԍ ԍ Ҭ

ҩἝ № ̆ ץ ȁ ̕2ȁ ᵌԍ҈

ѿ Ҭ ̆ ҉ ԅ ̕3ȁ ԍ

ӈ̆ ԅ ̆
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ᶛ ̔R B- ȁ2G R B- - № Ȃ 

⌠╠ ӊ ̆Collins ֲ ᾢ ԅ

╠ ҍ ӊ ᵌ ̆ ӈ Ҋ̔ 

max{ ( ), }
( ) log

max{ ( ), }

p i
L i

q i

d

d
=

                        
(2-2)

 

ῒҬ̆ ( )p i ӈҹ Ҭ i ҩ ̆ ( )q i ҹ Ҭ i ҩ Ȃ ( )L i ҹ

ҍ ԍ i ҩ logᵌ ̆ ԅ╠ ҍ ѿҩ ӊ

ᵌ Ḥ Ȃ ̆ i ҩ Ҭ ⌠ ѿҩ ( )L i ̆

ῒ Ḃ ⌠ԅ ҍ i ҩ ӊ ∞≢ⱬ̆Ὲ Ҋ̔ 

 

var( ;( ) / 2)
( ; , )

[var( ; ) var( ; )]

L p q
VR L p q

L p L q

+
=

+                      
(2-3)

 

ῒҬ̆ var ӈҹ ѿ ᵌ Ȃ 

Liang ֲ[23] ₮ԅѿ ᵌ ̆ῒ ∞≢ⱬ

ӈ ̆ ╠ ֜ ⌠ ȂYin

Collins[65] ѿ ԅ[11] ᵬ̆ ԍ ΐ № ץ̆

ԍѿ ץ №╠ ῒҬ ѿ ̆ ז̆

ױ ₮ №◓̆ ѿ Ҍ ғ ѿ

ἝȂ ̆ ֓ Ἕ ꜚḤ ṿ ꜚ

ȂAvidan[66] AdaBoost ⌠╠ № ̆ ῒ

Ҋѿ Ἕ № ⌠ѿ ἝȂ ̆ ṿ ꜚ

ᵝȂ ̆ ╧ № ᾟ № ץ №

׆̆ ╠ ’ȂGrabner Bischof[67]

₮ԅ Boosting № ῒ ⌠

ҬȂWang [68] ₮ԅѿ ז̆

ױ ᵌԍ Haar ̆ ֲ ⌠ԅ ⱳ

Ȃῒᴨ ץ ғΐ ⱬȂ Ҭ

⌠ Ḥ ̆ ץ AdaBoost ѿҩ № ץ̆

ῒᵬҹ Ȃ № Ҭ ᴪꜚ Ȃ 
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Ҭ ѿ ̂ ̃ ̆

ғױז ᵀ ѿ ̂ ̔ Ḡ / ᵀΐ

Ȃ̃ ̆ ױז ҉̆ № Һ

̆ Ȃ

ῒ̆ ⱴ‰ ғ̆

Ḥ ̆ҹ / ᵀ ῤ ᶫԅ

Ȃ 

2.2  

₃ ̆ ̂Histogram of Color, HC̃ ԍ

̆ ғ ԅҌ Ȃᵖ ̆

ᵌ Ṝ̆ ԍ Ҍ Ȃ ₃ ̆

̂Histogram of Oriented Gradient, HOG̃

̆ ғ ԅ ȂHOG ̆

֓ Ҍ ȂDalal ֲ[69][102] ԅ

HOG SIFT ⱬ₃Ӎѿ Ȃᵖ ̆HOG ѿ֓

̆ HOG ԍ HC̆ ғ ₮

̆HOG ᴪ ᵞȂ ѿ֓ ̆ᵖ

HC HOGң ӊ ԑ ᶏ ױ ױ ѿ Ȃ 

ԍ HC HOGң ԑ ץ̆ ⌠ SIFT

ȁ ץ HOG ֲᵣ Ҭ ̆ ₮ԅѿ ԅ

Ḥ ̆ ӊҹ  (Histograms of Orientated Gradient 

and Color, HOGC)Ȃ 
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2.2.1 ӎ 

   

2-1 ӈ 
 

 

Ҋ̆ ץ ӈҹᴋ ῐ ᵣȂ

ᶛ ̆ ҉ ȁ ҉ ȁ ҉ ֲ Ȃ ῐ

̆ ᾢ ₮ Ȃ ₃ᵥ ӈ

Ȃ Ȃ 2-1 ̆

Ҭ ӈҹh w³ Ȃ { }( ) , 0,1, ...,iF x i N= ץ׆ x

ᵝ ҹҬ Ἕ Ҭ Ȃ 

2.2.2  

RGB Ҭ̆ ҩ № ̂RȁG B̃ ҹѿҩ 16

̆҈ҩ № ԅѿҩ 48 Ȃץ R №

ҹᶛ̆ ҹ 1h ╩ ₱ ( ) :[0, )k R¤  ҹ  ̔

 !
2

0
0 1

1 1

( ) ( ) [( ( ) ], 1
n

i
i jb

i

y
q y C k I b if j m

h
d

=

-C
= C - ¢ ¢ä  (2-4) 

ῒҬ̆ ( )iI C Ҭ iCᵝ Ἕ ṿ̂RȁG B Ȃ̃ῒҬ̆ 0y

Ҭ ᵝ ̕n Ἕ ̕! 0( )bq y № b

ṿ̕ ( )dÖ Kronecker Delta₱ ̕m ҩ ̂ 16m= ̃̕ iC

iҩἝ ᵝ ғ [ , ]i i ih wC = ̆ 1C ᴆ !
0

1

( ) 1
j

j

M

b
b

q y
=

=ä ⌠̆  
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 1 2

0

1 1

1

( )(1 ( ))
n

i
i

i

C
y

k d
h=

=
-C

+ Cä

  .  (2-5) 

2.2.3  

Ἕ ̆ ץ ₮

Ȃ ҹ Ḡ ̆ҌḠ ̆ ԍ֦ ȁᾣ

ΐ ѿ Ȃ ҍ ץ ҉ ԑ Ȃ 

1 8 16 24 32

8

16

24

32

3

6

8 97

1 2

54

      

( , 1)I h w- ( , 1)I h w+

( 1, )I h w-

( 1, )I h w+

( , )I h w

       

1

8

23

4

5

6 7

 

(a)                          (b)                            (c) 

2-2 HOG Ȃ(a) Ἕ ⅞№̆(b) ̆(c)8ҩ

Ȃ 

 

HOG ̔ ҹ Ἕ̕

ѿ ⌠ Ἕ ̔32x32Ἕ ̕ Ἕ⅞№ҹ 16ҩ 8x8

̂cell̃ ̆ ғ ҩ 2x2 ѿҩ Ἕ ̂block̆ ỞПѶŵᶱ

Ž̃̆ ҩ Ἕ 2ҩ ̕ Ҭ ҩ Ἕ

⌠ѿҩ 8 Ҭ̂ 2-2c Ȃ̃׆ 2-2aҬ

ץ ⌠̆ ԍ ҩ Ἕ 9ҩ Ἕ ̆ ҩ ⌠ 72

ῒ Ȃ ҩἝ Ҋ̂ 2-2b ̃̔  

( ) 0,0 *

( 1, ) ( 1, )

( , 1) ( , 1)

( , ) 2( , ) [0,2 ]

I G I

dy I h w I h w

dx I h w I h w

ori h w atan dy dx ori

s

p

=

= + - -

= + - -

= Í

            (2-6) 

ῒҬ̆҉ ѿҩἝ ҊѿҩἝ Ȃ ( ),0G s

ѿҩ ₱ ̆ 0I  Ἕ̆ I ἝȂ ( , )ori h w  
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Ἕ ̂ Ȃ̃ / Ἕ ̆

ץ 72̂ 9ҩ Ἕ ̆ ҩ 8ҩ ̆ 2-2a c ̃ HOG Ȃ 

2.3  

ҹԅᶏ HOG ԍ ↓Ҭ ꜚ̆ ԅ

SIFT Ҭ Һ HOG Ȃ Ҭ̆

Ἕ HOG ӊ╠̆ Ἕ Ҭ ῤ ̆ ῤἝ

̆ῒ ṿ↕ף ԅ Ἕ Һ ̂ 2-3a1ҍ

a2 Ȃ̃ Ҭ̆ Ṝ Ἕ ̂

2-3b1ҍ b2 ̃̆ ῒ Һ ѿ ⌠∆ Һ ҉

̂ 2-3c1ҍ c2 ̃̆ HOG ѿ ҉ҍ

ꜚ ῏Ȃ 

(a1)      (b1)     (c1)  

(a2)   (b2)   (c2)   

2-3≠ HOGҺ  

 

2.4 ԓ ⅎ ғ  

2.4.1  

ԍ VIVID [ 70], CAVIAR [ 71]  SDL [72] ҈

ҩῈ῍ Ȃ Һ ꜚ ֲᵣ ̆

ԅ ꜚ ȁ ȁ ȁ ץ ꜚ Ҭ ⌠

Ȃ  
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2-1 ↓  

Video test set Video name 

VIVID Tracking video set 

redteam 

egtest01 

egtest02 

egtest04 

SDL Tracking video set  
xiangshan_ 0032 

xiangshan_ 0043 

CARVIA Tracking video set 

Browse1 

Fight_Chase 

OneStopMoveEnter1cor 

EnterExitCrossingPaths2front 

 

ҹԅ ̆ ῍ҩῈ҈׆ Ҭ ԅ 10

̂ 2-1 ̃ , ӈԅ ̆ ҍ

ᵝ ӊ ̂Relative Displacement Error RatĕDER)̆

Ҋ̔ 

2 2( ) ( )( ( , , ), ( , , )) O GT O GTt

GT GT GT

x x y yd O x y s GT x y s
DER

AREA wid hei

- + -
= =

³

FFC FFFC

      (2-7) 

ῒҬ̆ ( , , )GT x y s
FFFC

ᵝ ̆ ( , , )tO x y s
FFC

ᵝ ̆ GTAREA ( , , )GT x y s
FFFC

Ȃ׆ DER ӈ

№ץ ⌠̆DER ṿ ̆ ̆

̆ DER ̆ ṿ ̆

Ȃ 

2.4.2 ⅎ ғ  

ԍ HOGC̆ Color [73] SIFT [74]

Ȃ 2-4 Ҭ ѿ ԍ VIVI D ̆ ҹѿ

ꜚ ̆ Ȃ ̆ ԍ ҍ

≢̂ Һ ҹ ̆ Һ ҹ ҍ ̃̆ ҈

ԅ ̆ῒҬ ԍ SIFT ԍ
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Ҭ Қ֟ SIFT ̆ ԅ Ҍ ̂ 2-4bҬ

300 Ȃ̃ 

(a) 

(b) 

(c) 

50
th
 frame                     300

th
 frame                  1350

th
 frame        

2-4 ԍ VIVID -redteam Ȃ(a) ԍ (̆b)

ԍ SIFT ̆ (c) ԍ HOGC Ȃ  

 

2-5 Ҭ ԋ ׅ ԍ VIVID ̆

Ҭ ҹѿ ᵌ Ҭ ꜚ Ȃ ᾢ̆ Ạԅ

ѿҩ 180° ̆ ⱴ ̆ ⌠ 3 Ȃ ҩ Ҭ̆

ΐ ̆ ̆ Ҭ ѿ ҍ ₃Ӎ ῃ ᵌ

̆ ΐ ѿ Ȃ 2-5a ̆ ԍ

ԍ ҍ ᵌ ̆ 200 ֟ ԅ Ҍ

̆ 700 ֟ ԅ Ȃ ԍ ̂ ֟ SIFT

̃̆ ԍ SIFT ̆ ԅ

̂ 2-5b Ȃ̃ ԍ HOGC ԍ

Ḥ ̆ Ӟ ԅֲפ ( 2-5c )Ȃ  
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(a) 

 

 (b) 

 

 (c) 

50
th
 frame                 200

th
 frame                700

th
 frame  

2-5 ԍ VIVID -egtest01 ̆ ̆

ᵝ Ȃ(a) ԍ (̆b) ԍ SIFT

̆(c) ԍ HOGC Ȃ 

 

100 120 140 160 180 200 220
0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

D
E

R

FrameIndex

 

 

HOGC-based tracking method

SIFT-based tracking method

Color-based tracking method

 

2-6 ҈ DER  
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Ҭ̆ 2-1Ҭ ↓₮ 10 ׆̂ 100

⌠ 250 ̃ DERṿ Ȃ 2-6 ̆ ԍ HOGC

ԍ SIFT ΐ DERṿ̂ 0.05⌠ 0.2̃ ̆ ԍ

ΐ DERṿ̂ 0.1⌠ 0.25̃ ȂDER ṿ

̆HOGC SIFT Ȃᵖ SIFT

ΐ ̆ ץ ̆ ̆Ҍ ԍ

Ȃ 

2.5  

ԅ ץ Ȃ ԅ

Ḥ ̆ ȁ ȁ

Ȃ 

₮ ΐ Ὲ ↓҉ ԅ

̆ ғҍ ῤ ῖ ԅ Ȃ

̆ ᵣ ҉̆ ₮ ᴨԍ₃ҩ ῤ ῖ

Ȃ 



 

 22 

Ҏ  ԓ  

ԍ╠ ̆ ᵬҹ ≢Ҭѿҩ№

, ╠ / Ἕ ׆̆

Ȃ ̆ҹԅᶏ ╠ / ΐ ̆ ᵥ

Ḡ ץ ῀ Ȃ 

3.1 ԓ ᵆ 

ԍ ԍ ᵣ ΐ ԑ ̆ ԍ҉ѿ

Ҭ ̆ ₮ԅ Ҭ Ҭ

Ȃ 

3.1.1 ғ ӎ 

      

Object

Background
w

h

2w

2
h

 

 3-1 ῒ ӈ 

 

3-1 ̆ ӈҹh w³ ̆ ӈҹ 2 2h w³

ҍ ӊ Ȃ { }( ) , 0,1, ...,iF x i N= ץ׆ xᵝ

ҹҬ Ἕ Ҭ ̆ { }( ) , 0,1, ...,iB x i N= ץ׆ xᵝ

ҹҬ Ἕ Ҭ Ȃ 

3.1.2 ≡⌡Ⱶ ӎ 

Ҭ̆ᶭ Collins [11]Ҭ ӈ №╠ / ⱬ ӈ

∞≢ⱬ̆ Ὲ 3-1 3-2 ̔  
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max( ( , ), )
max(0,min(1, log )), 1...

max( ( , ), )

i
i t
t i

t

F x y
S i N

B x y

d

d
= =       (3-1)                                                                  

1

, 1 . . .
i

i t
t N

i

t

i

S
S i N

S
=

= =

ä
                         (3-2) 

ᵍЗ ( , )i

tF x y ὁ ( , )i

tB x y ᶛᶮ П t ᶹ᷅ / Ứ З i ˘

d ֯П 0.005 ᴸ П 0˘ ╞ i ╗᷅

ṿ ᶦ max( ( , ), )
log

max( ( , ), )

i

t

i

t

F x y

B x y

d

d
П ֯ ềЪ П

0˘∞ i

tS i ᶫᶮ ḛ i ╗᷅ /

З ṿ ẍ i ṥᶛ᷅ / ḛ˘max()ὁmin() ԇ i

tS

ṿ (0.0, 1.0)ṥ ≤˘ᵅ 3-2 ϵṖ i

tS ˘ 

3.1.3  

ⱶщᵅ 3-1ὁᵅ 3-2 ᶱ i

tS i ᶫᶮḛ˘

ҷ щ З ҅ ᴸ ₥ ὲ ∞ Ͼ Щ ᶫᶮḛП

˘ ᶱ ỆṖ Д ∞ ╗ З ỆṖ

Ử ᵎ ҅╗ ҭ˘ 

Ẋ ѿҩѿ ̆ ( )tw i ӈҹ t ┴ i

̆ ( )tw i Ҍֽ ‗ԍ t ┴ i ∞≢ⱬ
i

tS̆ ‗ԍ t-1

┴ j 1( )tw j- ̆ Ὲ 3-3 ̔ 

 ( ), 1 1( ) ( ), i

t t t t t tw i f w j S u- -= +                         (3-3) 

ῒҬ̆ , 1t tf - ҹѿҩ ̆ i=j ̆ῒ ҹѿҩ Kalman ̆ i j̧

̆ῒ ҹѿҩ ̂ ᴪ №ῤ ̃Ȃ tu

ҹ Ȃ ѿ ף Ҭ̆Ὲ 3-4

ѿ Ȃ 
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1

( )
( ) , 1...

( )

t
t N

t

i

w i
w i i N

w i
=

= =

ä
 .                       

(3-4)

 

Ὲ ץ(3.3) (3.4)Ҭ ӈ̆ ԍ ᵀ Ҋ

̔ 

Feature Confidence

HOG

HC

Object Location

Feature Extraction

̂Combined Features̃

Feature discriminative ability 

timet+1tt-1

1( )tw j- ( )tw i 1( )tw m+

1

j

tS-
i

tS 1

k

tS+

First order Markov model

 

3-2 ԍ ᵀ  

 

3.2 ԓ Kalman ᵆ  

3.2.1 Kalman  

Kalman [44] Kalman Bucyԍ 1960 ₮ ѿ ᴨ

ᵀ Ȃױז ῀⌠ ᵀ Ҭ̆ Ḥ

ҹ ᵬ Ҋ ѿҩ ₮̆ ῀

₮῏ ̆ᵀ Ҭ≠ ȁ ꞉(

) ̆ ԍ Ḥ ῤ ̆ Ҍᵖץ

ץ ѿ ᵀ Ӟ̆ ץ ᵀ

Ȃ 

Kalman ᴨ ̔ ̆ ᴋץ ѿ ᵬҹ

∆ ̕ ̆ ̕ ΐ Ẓȁ ᴨ Ȃ

₮ҹ ף └ Ạ₮ԅ ̆ ᾢ ԍ ̆

ֲ ȁ └ȁD ץ ´Ԋ ⌠ԅ Ȃ
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╠̆Kalman ҬӞ ⌠ԅ ̆Һ

Ҋѿ ┴ ᵝ ץ̆ ᵬҹ ׆̆

Ȃῒ Ҋ̔ 

̔ 

 1 1 1k k k kX A X B u w- - -= ³ + ³ + (3-5) 

̔ 

 k k kz H X v= ³ + (3-6) 

ῒҬ̆ kw kv №≢ҹ Ҍ ῏ ̆ ғ№ ҊῈ

̔ 

( ) (0 , )

( ) (0 , )

p w N Q

p v N R
          .            (3-7) 

̂ᾢ ᵀ ̃̔  

 1( | 1) ( 1| 1) kX k k A X k k B u-- = ³ - - + ³ (3-8) 

ṿḱ ᵀ ̔ 

 ( | ) ( | 1) ( ( | 1))k kX k k X k k K z H X k k= - + - - (3-9) 

ῒҬ̆ ( | 1)X k k- k ┴ ᾢ ᵀ ̆ 1k- ┴ ⌠ k

┴ ̕ ( | )X k k k ┴ ᵀ ̆ ⌠ k ┴ ṿ kz ̆

ṿḱ ̕ ( | 1)kz H X k k- - ҹ ṿ̆ ᵀ

ӊ ̕ kK k ┴ ̆ k ┴ ᵀ

Ȃ Ӈ̆ k ┴ ᾢ ᵀ ᵀ №≢ҹ̔ 

 
( | 1) ( ) ( | 1)

( | ) ( ) ( | )

X k k X k X k k

X k k X k X k k

- = - -

= -
 (3-10) 

ᾢ ᵀ ᵀ №≢ҹ̔ 

 ( | 1) ( | 1) ( | 1)
T

P k k E X k k X k kè ø- = - -
é ùê ú

 (3-11) 



 

 26 

 

( | ) ( | ) ( | )

( ( ) ( | )) ( ( ) ( | ))

[( ( ) ( | 1) ( ( | 1)))

( ( ) ( | 1) ( ( | 1))) ]

( | 1) ( | 1) ( | 1)

( ( | 1) )

T

T

k

T

k

T T T

T T

P k k E X k k X k k

E X k X k k X k X k k

E X k X k k K z H X k k

X k X k k K z H X k k

P k k P k k H K KHP k k

K HP k k H R K

è ø=
é ùê ú

è ø= - -
ê ú

= - - - - -

- - - - -

= - - - - -

+ - +

. (3-12) 

⌠ ᵀ ( | )P k k ῏ԍ kK ̆ҹԅ

ᵀ ̆ ( | )P k k kK Ẓ ῒפ̆ ԍ ̆ ₮ kK

̔ 

 1( | 1) ( ( | 1) )T T

kK P k k H HP k k H R-= - - + . (3-13) 

ңҩ ’̆ ᾢ ᵀ ( | 1)P k k-

R῍ ‗ , ↕ 

 

1

0

( | 1) 0

lim ( | ) ( | 1) ( ( | 1))

lim ( | ) ( | 1) 0 ( ( | 1))

( | 1)

k k
R

k
P k k

X k k X k k H z H X k k z

X k k X k k z H X k k

X k k

-



- 

= - + - - =

= - + ³ - -

= -

. (3-14) 

Kalman ᶏ ѿ ┴ k ᵀ ṿ

̆ ḱ ң ̕ № ᾢ ᵀ

ḱ̕ № ≠ ṿ ᵀ

ḱ ̆ ⌠ ᵀ ᵀ

̆ΐᵣ Ҋ̔ 

№̔ 

 1( | 1) ( 1| 1)

( | 1) ( 1| 1)

k

T

X k k AX k k Bu

P k k AP k k A Q

-- = - - +

- = - - +
 (3-15) 

ḱ №̔ 

 

1( | 1) ( ( | 1) )

( | ) ( | 1) ( ( | 1))

( | ) ( ) ( | 1)

T T

k

k k

k

K P k k H HP k k H R

X k k X k k K z H X k k

P k k I K H P k k

-= - - +

= - + - -

= - -

. (3-16) 

kK ҍ Ȃ Kalman ̆
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ӊ↕⁞ Kalman Ȃ ᴰ Kalman ᶭ ԍ ̆ѿ

ᴪ Kalman ⁞ ᵬ ̆ ԅ

g( 1)g> ̆ ᵞ ̆ ⱴ Ҭ ᵬ Ȃ Kalman

ҹ̔ 

 ( 1) ( 1) ( 1 1) ( 1) ( 1)TP k k A k P k k A k Q kg- = - - - - + -.           (3-17) 

3.2.2 Kalman ᴶ Ҳ  

Kalman ԍ ῒ ᵬ [20]Ȃ

Ẋ ꜚ ҹ ѿ ┴ ᵝ Ȃ Ҭ̆ ԍ

ң Ἕ ̆ Ӈ ῤ ̆

Ẋץ ῤ ꜚ̆ ץ ꜚ ѿ ’Ҋ

ץ ꜚ  Ȃל

ӈ Kalman ҹ kx ̆ῒ ѿҩ ( , , , )Tx y x ys s v v ̆№≢

ף ꜚ ҉ ᵝ ץ ꜚ Ȃ ꜚ

ᵝ ῤ ꜚ Ẋ ̆ ӈ A H̔ 

 

1 0 0

0 1 0 1 0 0 0
,

0 0 1 0 0 1 0 0

0 0 0 1

t

t
A H

Dè ø
é ù

D è øé ù= =é ùé ù ê ú
é ù
ê ú

. (3-18) 

3.2.3 ԓ Kalman ᵆ 

HOGC Ҭ ᴪ

ᵀȂҌ ѿ ̆ ẠץҊңҩẊ ̔1ȁ ∞

≢ⱬ ̂0.0,1.0̃ ӊ ̕2ȁ ӊ ̆ /╠ ∞≢ⱬ

Ӟ ̆ ӊ֞ Ȃ  

Ҭ̆ ┴ Ȃ

Ҭ ҹ̆ԅᶏ ԍ ΐ ѿ̆֓ ₮

Ҭ ᵀ Ȃ Ҭ̆ ₮ԅѿ ῃ

ԍ Kalman ȂẊ Ҭ



 

 28 

ȁ Ẋ ̆Kalman Ҭ ӈҹ ̆Kalman Ҭ

ӈҹ ∞≢ⱬȂ↕ ױ ₮ Kalman

Ҋ̔ 

( ) ( )

1

1
0

0

t N N N N t

t

N Nt t

t

t N N t

t

w I I w
u

Iw w

w
S I v

w

+ ³ ³

³+

³

ëå õ å õå õ
= +îæ ö æ öæ öæ ö æ öD Dî ç ÷ç ÷ ç ÷

ì
å õî

= +æ öî æ öDç ÷í

.               (3-19) 

ῒҬ̆ { (1), (2),..., ( )}t t t tw w w w N= t Ҭ

̆ ( )tw i t Ҭ i ̆ ғ 1t t tw w w-D = - ̕

1 2{ , ,..., }N

t t t tS S S S= ӈҹ t Ҭ ∞≢ⱬ ̆ i

tS

t Ҭ i ҩ ∞≢ⱬȂ tu tv ҹ Ȃ 

 

ԍ Kalman ᵀ  

1. ∆ ( t =0). ҩ ̆ ᾢ∆ ҹ̔ 

( )0 0

1
( ), ( ) ,0

T
T

w i w i
N

å õ
D =æ ö

ç ÷
̕ 

2.  ( t >0). ԍ Ҭ ѿҩ ̆ Ҋ ᵬ̔ 

    ̂ã ≠ Kalman ᾢ ̕  

̂b̃≠ ᾢ ⱴ HOGC ̆ ⌠ ᵝ Ȃ 

3. ḱ  ( t >0). ⌠ Ҋѿ ᶃᵝ ץ ̆ Ҋ ᵬ̔ 

̂ã Ҋѿ Ҭ HOGC ̕ 

̂b̃ HOGC ∞≢ⱬ̕ 

̂c̃ Kalman ḱ HOGC ̆ ⌠ ╠ Ҭ   

Ȃ 

4. t= t+ 1̕ ⌠ 2 Ȃ 

 

҉ ≠ Kalman Ҋ ̔ 
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3-3 ԍ Kalman  

 

3.2.4 ԓ Kalman ᵆ  

tWᵗ ˘ П

Ṗ 1(( , ) | ,( , ) )t t tp x y x y -W ╗ tWᵗ ᶱϿ Ṥ ( , )tx y Ȃ

1(( , ) | ,( , ) )t t tp x y x y -W Ҟ ̆ Ҋ ̔ 

  

( )

1
( , )

1
( , )

1
( , )

1

max (( , ) | , ( , ) )

max ( (( , ) ) | ( , ) , ) (( , ) | )

max ( ) ( (( , ) ), ) (( , ) | )

t

t

t

t t t
x y

c c c

t t t t t t
x y

N
i i c i c

t t t t t t
x y

i

p x y x y

p F x y x y F p x y dc

p F p F x y F p x y dc

-

-

-

=

W

= W

å õ
= Wæ ö

ç ÷

ñ

äñ

  ,           (3-20) 

ῒҬ̆ ( , )ctx y ӈҹ tWҬ c ҩṜ ᵝ ̆ 1( (( , ) ), )i c i

t t tp F x y F- ҹ

1(( , ) ),i c i

t t tF x y F-ңҩ ᵌ ̆ ( )i

tp F ҹ t ┴ i Ḥ ̆

Ҍ ѿ ῒ ҹ t ┴ i ( )tw i ̆ Ὲ (3-20) ץ

Ҋ̔ 

 

( )

1
( , )

1
( , )

1

max (( , ) | , ( , ) )

max ( ) ( (( , ) ), ) (( , ) | )

t

t

t t t
x y

N
i c i c

t t t t t t
x y

i

p x y x y

w i p F x y F p x y dc

-

-

=

W

å õ
= Wæ ö

ç ÷
äñ

.            (3-21) 

3.2.5 ғ ⅎ  

₮ ԍ Kalman ᵀ ԅ
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̆ ῒҍ҈ ῖ ԅ Ȃ ῖ ̔

ԍ (Variance ratio feature shift based method)[11]ȁ ԍ

SIFT ̂SIFT-Based method̃ [74] ᴰ Kalmam

̂traditional Kalman filter method̃ [20]Ȃ ԍ VIVID 

Ȃ ץҊ ᶛҬ ꜚ Ҭ ѿ ̆

׆ Ҭ Ȃ 

(a) 

 

(b) 

 

(c) 

 

    (d) 

50
th
 frame                300

th
 frame               1350

th
 frame        

3-4 ԍ VIVI D-redteam Ȃ(a) Variance ratio feature shift 

based method ̆(b) SIFT-based method ̆(c) traditional Kalman filter 

method ̆(d) ₮ Ȃ 
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҉ Ҭ̆ ԍ ȁ

ץ ԑӊ ꜚ ̆ ԅ

Ȃҍῒ҈ז S̆IFT-based method ̆

ҹ SIFT ⱬ̆ᵖ ԍ Ҭ Қ

Ҭ ᴪ֟ SIFT ׆̆

SIFT Ҭ̆ᶏ ‰

ᵞ̆׆ Ҍ ȂVariance ratio feature shift based method

traditional Kalman Filter method ̆ῒҬ

Variance ratio feature shift based method ᶏץ

̆traditional Kalman Filter method ḱ

ꜚ ץ ᵀ Ҭ ᵝ Ȃ ԅ

׆̆ Ҭ ץ ₮ ₮

ҹ Ȃ 

(a) 

 

(b) 

 

(c) 
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(d)                                         

240
th
 frame                280

th
 frame               320

th
 frame 

3-5 ԍ VIVID -egtest01 ̆ ̆ ֟

̆ ᵝ Ȃ(a) Variance ratio feature shift based method

̆(b) SIFT-based tracking method ̆(c) traditional Kalman filter method

̆(d) ₮ Ȃ 

 

ԋ ҉ ׅ̆ ҉ ⌠

Ȃ SDL ̆ ѿҩ ֲᵣ̆ғ

ȂҌֽ ᵌ̆ ғ Ҭ ҍ

Ӟ ῒ ᵌ̆ ֓ ꜚ Ȃҹԅ

̆ ҩ ҉ Ȃ׆ ҩ

ץ ⌠̆ ₮ Ҋׅ

ȂTraditional Kalman filter method ( 3-5c) ∆

Ḃҡ ԅ ̆ ̆ SIFT-based method ( 3-5b) ∆

֟ ԅ Ȃ ҉ ң ̆ ԍ Variance ratio feature 

shift based method  ( 3-5a) ԅ ̆ №

֟ ԅ ̂ 320
th ̃̆ ᵖ ῒ № Ҭ

ȂῒҬ ֟ ѿ ҉ ԍ Collins ⌠

̆ ∞≢ⱬ ῒ ῏

̆ ᶏ

֟ ׆̆ № Ҍ Ȃ 

ҹԅ ᴇ ̆DER ҉

Ȃ Ҭ̆῍ ԅ 10 ̂ 2-1 ̃ DER ᴇ

҉ ȂDER Ҋ Ȃ׆ Ҭ ץ ₮̆

₮ DERҌֽ ῒ҈ז ̆ ғ DER Ӟ

̆ ԅ Ȃ 
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100 110 120 130 140 150 160 170 180 190 200 210 220 230
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

FrameIndex

D
E

R

 

 

SIFT-based method

Kalman filter-based method

Variance ratio feature shift-based method

Our method(HOGC&Kalman filter)

 

3-6 DER  

 

ԍ Kalman ᵀ ῒז ҉

Ҋ ̔ 

(a) 

(b) 

 

(c) 
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(d) 

 

(e) 

3-7 ԍ Kalman ᵀ  

 

3.2.6 ꜠ Ҳ  

ѿ ̆ ⌠ ῀⌠ѿҩ Ҭ ῒ̆Ҭ

ѿҩ PTZ ѿҩ Ⱶ ׆̆ № ₮

Ҭ Ȃ ᾢ [76-78] ⌠ ꜚ ῒ ∆

̆ ≠ PTZ ꜚ ᶏץ PTZ ҩ ꜚ

Ҭ ⌠ Ȃ Ҋ ̔ 


