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Organization of Talk Problem Statement System Design Preprocessing towards Subtrajectory based Modeling  



Segmentation based on Curvature Zero-Crossings Clustering based on Polynomial Coefficients



Dimensionality Reduction  



Principal Component Analysis Singular Value Decomposition



Global PCA Based Modeling Segmented PCA Based Modeling Simulation Results  



Definition of Precision-Recall Metrics Precision-Recall Curves Multimedia Systems Lab, UIC.
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Problem Statement & Motivation Index the Video Object Trajectories compactly and retrieve the best matching ones efficiently from the Video Database. For feature space representation of dynamic video content, object motion stands out as the best cue since it captures the rich dynamic content of video clips.



Sample Trajectories in the database. Gridlines imposed for temporal resolution. Multimedia Systems Lab, UIC.
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System Design



System Block Diagram Multimedia Systems Lab, UIC.
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Segmentation Based on Curvature Zero-Crossings Segmentation is based on Curvature and its dominant zero-crossings. &x&



κ =



[1 + x& ] 2



3



x& [ n ] = x [ n ] − x [ n − 1]



2



&x&[ n ] = x& [ n ] − x& [ n − 1]



Threshold & Merge algorithm: Run lengths of positive & negative coefficients.  Segmentation points is declared at Z.C. between two Major runs of opposite signs. 



Segmented Subtrajectories are normalized for spatial invariance.
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Segmentation Results Segmentation Based on Curvature Zero-Crossings.



Segmentation of y-components of four sample trajectories. Multimedia Systems Lab, UIC.
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Clustering Based on Polynomial Coefficients Subtrajectories are clustered to generate groups of similar subtrajectories for 2-level PCA in next step. Each normalized subtrajectory (coordinate value in 0-1 range) is fit with polynomial of order M. Clustering is performed on M+1 polynomial coefficients for each subtrajectory. This clustering facilitates two-level, coarse-to-fine matching of query trajectory. Multimedia Systems Lab, UIC.
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Principal Component Analysis (PCA) for Dimensionality Reduction Data-dependant Orthonormal bases (PCs) as opposed to generic bases in DFT,DWT etc. Let X be a vector of p-random variables:  



linear function α 1′ x of the elements of x with maximum variance. linear functionα 2′ x, uncorrelated withα 1′ x , with maximum variance, and so on.



If Covariance matrix is known then kth PC is its eigenvector corresponding to kth largest eigenvalue. Multimedia Systems Lab, UIC.
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PCA (Cont’d) Projection: y = Φ ′q x Y is maximally uncorrelated: det(Σ y ) is maximized. How many PCs to be retained? m



∑λj t m = 100 ×



j =1 p



∑λj j =1



Multimedia Systems Lab, UIC.
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Singular Value Decomposition (SVD) Eigenvalue-Eigenvector decomposition of a symmetric matrix: A = QΛQ T For Rectangular matrix, rank r: A = USV T  T σ1 0 0 0V1  0 σ  T  0 0 2 V2  Anxm = [U1 U2 U3 U n ]  0 0 σ r 0V T    3   0 0 0 0V T   m



First r columns of U: Orth. Bases for Col Sp of A. Last n-r … U: … Null-Space of AT First r … V: … Row-Space of A. Last m-r …V: … Null Space of A. Multimedia Systems Lab, UIC.
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System Design



System Block Diagram Multimedia Systems Lab, UIC.
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Global PCA Based Modeling Let xk denote the ()-dimensional) kth trajectory and there be M total trajectories to be indexed. An )xM size matrix X is then formed with each column representing one trajectory. PCA computation using SVD yields the PC transformation matrix for trajectories: Φ q q-dimensional PCA coefficients for each trajectory are given by: Y = Φ′q X Euclidean Distance is computed between PCA coefficients of query trajectory and all indexed trajectories. Distance measures for x- and y- projections are combined and ranked list displayed to the user. Multimedia Systems Lab, UIC.
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Segmented PCA Based Modeling Reduces Dimensionality of PCs estimation problem. Partial Queries can also be evaluated. First-Level PCA is performed on Cluster Centroids for each Cluster of similar subtrajectories. Second-level PCA is then performed on Subtrajectories inside each cluster separately. Multimedia Systems Lab, UIC.
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Two-Level PCA Computation Let xk denote the ()-dimensional) kth cluster of subtrajectories and there are M total clusters to be indexed. An )xM size matrix Xc is then formed with each column representing one cluster. PCA computation using SVD yields the PC transformation matrix for clusters Φ qc q-dimensional PCA coefficients for each cluster of subtrajectories are given by: Yc = Φ′qc X c Second-level PCA is similarly performed on trajectories inside each cluster: Yt = Φ′qt X t Multimedia Systems Lab, UIC.
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Segmented PCA Query Processing Two lists, Ekx and Eky (matching score of query trajectory’s x- & y-components with kth trajectory’s x- & y-components) are generated as: M



E kx =



)k



∑ ∑



l =1 i =1 M



E ky =



)k



∑ ∑



l =1 i =1



min 2 ( E k i lx , µ )



, k = 1, …P. min 2 ( E k i ly , µ )



Ekx and Eky are combined into a single list E, which is sorted and displayed to user. Multimedia Systems Lab, UIC.
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Simulation Results: Ranked List of Trajectories



Five top ranked retrieved trajectories for top-left trajectory as query. Multimedia Systems Lab, UIC.
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Precision-Recall Metrics Ground-Truth is established first. Queries are posed. For each value of Recall, Precision is computed from retrieved list. Definition of Prob. Of Detection, Pd and Prob. Of False Alarm, Pf is: P f = yP( y H c )dy Pd = yP( y H T )dy



∫



∫



T



In terms of ranked list of items retrieved for a query, the Prob. Of Precision and Recall are then derived as: c c T − X ∈ T i X i ∈T Pp = 1 − P f = Pr = Pd = T Tc Multimedia Systems Lab, UIC.
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Simulation Results: Full Trajectory Matching



Precision Recall curves for full trajectory query. Multimedia Systems Lab, UIC.
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Simulation Results: Partial Trajectory Matching



Precision Recall curves for partial trajectory query. Multimedia Systems Lab, UIC.
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Conclusions Two PCA Based approaches for Trajectory indexing and retrieval discussed. Global PCA – Computation intensive, works better when full motion trail is available. Segmented PCA – Reduces dimensionality for PCs estimation problem, works good when only partial trajectory is available (due to occlusion, etc).



Multimedia Systems Lab, UIC.
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Questions ??? Contact Information : Faisal I. Bashir. [email protected]



Multimedia Systems Lab, UIC.
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