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A robust feature based on stable pixel correlations and

its applications in object detection and tracking

（安定画素相関性に基づくロバスト特徴量とその物体検出および追跡への応用）

学位論文内容の要旨

      This thesis proposes a novel method on solving problems in the fields of object detection and track-

 ing, especially in complex environments. The novel and robust feature is called Grayscale Arranging

 Pairs (GAP). It is based on a Statistical Reach Feature (SRF), which is detined as a set of stati.stical

 pair-wise features.  The basic idea of the proposed method is the use of multiple point pairs that ex-

  hibit a stable statistical intensity relationship.  Each image point is supported by multiple points, which

 have consistent pair-wise relationships over time. The intensity difference between pixels of the pair

 is much more stabfe than the intensity of a single pixel, especially in varying environments.  There

 are two effective steps to get the point of pairs. Firstly, the absolute value of the intensity difference

 between the point pairs must exceed a given threshold statistically among training images. Secondly.

 candidate points are sorted according to their intensity, and those points which have the smallest inten-

 sity differences are chosen. Using the multiple point pairs, the GAP feature is obtained. Different from

other approaches, the proposed method focuses more on the temporal stability and history of global

 spatial correlations between pixels than on the history of any given pixel or locaJ spatial correlations.

   In the field of object detection, moving. objects are detected by utilizing the GAP feature. The

 existence of a foreground point is determined within the support of GAP model. Moving objects are

 successfully detected under a variety of complex environmental conditions, such as the conditions with

illumination variations and dynamic background motions. Furthermore, we clarify how to reduce the

 GAP modeling time by using an accelerated background model. AJso, an adaptive judgment criterion

is adopted to achieve the real-time application.

       In this thesis, we also propose a hybrid feature-based observation model in a particle filcering frame-

work for robust object tracking in video sequences. An ideal observation model should have both high

ability to accurately distinguish objects from the background and high reliability to identify the de-

tected objects. Traditional features are better at solving the former problem but weak in solving the

latter one. To overcome that, we adopt the GAP feature here. Because the GAP feature has higb

discriminative ability even under conditions of severe illumination variation and dynamic background

elements. Together with the GAP feature, the color histogram feature is utilized in order to take ad-

vantage of traditional features in resolving the tirst problem. At the same time, an efficient and simple

integration method is used to combine the GAP feature with colorinformation. Moreover, an automatic

initialization algorithm is described.

    ExperimentaJ results comparing GAP with existing object detection methods demonstrate that su-

perior object detection with higher precision and recall rates is achieved by GAP. In addition, com-

parative experiments demonstrate that object tracking with our integrated features performs well even
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when objects go across complex backgrounds.

      This thesis is organized into the following chapters:

      Chapter I introduces the related works in object detection and tracking. Some general problems are

discussed and considered. Meanwhile, the motivations and contributions of the research are described.

     Chapter 2 introduces the basic concept of the proposed algorithm - the GraysctOe Arranging Pairs

(GAP). The GAP algorithm is proposed based on the previous work - the Statistical Reach Feature

(SRF), and it makes improvements of SRF algorithm both in theory and algorithm. In this chapter,

we analyse the properties of stable point pairs, and describe the physical and theoretical meanings of

GAP. We also introduce particular rules for selecting point pairs and making the GAP feature. The

GAP feature is robust against varieties of complex conditions. The reason of the robustness for the

 GAP is explained in the influence of swaying leaves, camera jitter and partial illuminacion changes.

    Chapter 3 clescribes how che GAP teature is utilized in the field of object detection. The moving

objects are detected using a double-sided criterion with the GAP feature. In addition, an accelerated

modeling is presented for time reduction. We also extend the common judgment criterion to an adap-

 tive judgment criterion to realize the real-time utilization. In the end of this chapter, we present several

experiments in che fields of object detecLion under conditions with illumination variations, camera

vibration and waving branches.

     Chapter 4 introduces the application in object tracking of the GAP feature. In this chapter, we pro-

pose a novel hybrid featrye-based tracking algorithm using particle hlter. The hybrid feature conrains

two features: one is our proposed GAP feature, the other one is the color histogram feature.  Fur-

thermore, a simple but effective fusion method is adopted to integrate the two independent features.

We also clarify an adaptive target model and a way to achieve the automatic initialization. Finally,

we evaluate the performance of the proposed algorithm by comparing with several competitive object

tracking algorithms under different complex conditions.

    Chapter 5 discusses the selection of parameters in our model. The computational complexity and

calculation time are a~so presented in this chapter. And Chapter 6 concludes the main contributions of

the research and future works.
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（ 安 定 画 素 相 関 性 に 基 づ く ロバ ス ト 特徴 量 と その 物 体 検出 お よ ぴ追 跡 へ の 応用 ）

  本論文は，後雛を環境下で物体検出および迎跡を行う際に生じる1淅fIJ趣を角譽決する，新たな検出・

追跡手法を提案する．ここで用いるStatisticalReachFeature（SRF）に基づいた新たを口バス卜特徴

量をGrayscaleAnIangingPajrs（GAP）と呼ぶ．SRFとは統計的な点対関係特徴量の集合である，提案

手法では基本的なアイデアとして，統計的に安定した明度関係を示す複数の点対を用いる，画像内の

各点は，長時間にわたり点対の明度関係に一貫性が見られる点群との比較により計測される．一対の

I川索問における珂JJ堂斧はIit一I川索の叫J度よりはるかに安定であり．この傾向5ま持に後雑な環境下に

おいて顕著である．それらの点対を効果的に得るため，次の2つの段階を踏む．まず点対問の明度差

の絶対値を求め，それらが学習画像より統計的に得た閲値を上回っているものを選択する．次に対象

点をそれらの明度によって分類し，その中で最小明度差を持つ点対を選ぶ．これらの複数の点対を用

いてGAP特徴量を得る．任意の画素かまたは局所空間における相互関係の変化経緯に焦点を当て

た他の手法と違い，本椪案手法はI由j索f川のグローバルな窄‖IIJ的村Jff関係の一時的な安定性と変化経

緯に焦点を当てる，

  移動物体の検出には，GAP特徴量を用いる．ある画素における移動物体の有無を，GAPモデルを

用いて決定することで，照明変動や背景変動橡どのようを複雑な環境下においても移動物体を検出

することに成功した，更に，高速化された背景モデルを用いることでGAPモデル生成時間を短縮す

る方法を馴らかにした，lId様に，災時川での利JHを火班する上でも適応可能な判断J量S坪！を導入する，

  本論文ではまた，動画像シーケンスにおいて口バストを物体追跡を行うため．バーティクルフィル

タに混合特徴量ベースの観察モデルを使用することを提案する，観察モデルは。背景と物体とを識別

する高い能カと検出物体を特定する高い信頼性の両方を併せ持つことが理想的である，従来手法で

は，識胃I亅能カは高いが特定信頼性が低いことが弱点であった，これを打開するため本研究では．極端

な照彫J変動や背策変動が起こるようを環境下においてもぬいl識別能カを発揮するGAPキ暑徴縦を導

人する，更に，GAP特徴量とともにカラーヒストグラム特徴量を用いることで，従来の特徴量を用い

た場合より高い識別能カを得ることができる．ここでは効率的で単純を統合法によってGAP特徴

量と 色情報 を組み合 わせる ．また，自動識別アルゴリズムについても述べられている，

  既存の物体検出手法とGAPを用いた手法の比較実験を行った所，GAPを用いた手法は高い精度

とm別率を欠現し，優れた物体検出手法として機能した，皿に我々の誕合特徴はを川いた物体迅跡

は，比較実験において対象物が複雑を背景前を横切っている場合にも良い検出結果を示した．

  これを要するに，著者は情報工学技術の中の大きな分野としての画像パタン計測，動画像処理の分
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野における。ロバスト性，実用性のともに高い独自でかつ新しいイベン卜抽出アルゴリズム，イベン

ト追跡アルゴリズムを提案し，多くのデータベースを用いた信頼性の高い実験により，その有効性を

示 した，よ って。 北海道大 学博士 （工学） の学位を 付与す るに値す ると半り定した．
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