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Building the Dictionary

« Assumption: There are k subjects and each subject has n; training images.

- Each training image is represented by extracted feature vector, v € R™.
Al = [Ui,]_, vi,z) e ) vi,ni] (= Rmxni
A — [AliAZ) ""Ak] € Rmxn

* y € R™ Is the extracted feature vector from a test image.
y = Ax




Sparse Representation Solution

« The extracted feature from the test image, y € R™, can be expressed as a linear
combination of n; training images, {v{, ..., v?i}, of the same subject:

Y= @1Vi1 T AV + -+ Qi Vin, = 4iX;

y =Ax € R™ X =|X;

Wright, Yang, Ganesh, Sastry, and Ma. Robust Face Recognition via Sparse Representation, PAMI 2009



Sparse Representation

« \We are looking for a sparse solution x:

(Py) Xo = argmin,||x]||, subject toy = Ax
(Py) X, = argmin,||x||; subject to y = Ax

* The problem (P;) can be solved via Linear programming, and the solution is
stable under moderate noise [Candes & Tao’04, Donoho’04]




L1 versus L2 Solution

Wright, Yang, Ganesh, Sastry, and Ma. Robust Face Recognition via Sparse Representation, PAMI 2009



Smoothed LO Norm (SLO)

e LO Norm
* discontinuous function
« Highly sensitive to noise

« Combinatorial search is needed for minimizing

« The idea of SLO is based on the approximation of the discontinuous function by a
continuous one.
2

fo(x) £ (262)

0,if |x| K o
fo(x) = {1, if |x| » o




Smoothed LO Norm (SLO)
F;(x) =n— Zn: fo (Xi)
=
* Hence, we can conclude that for small values of o
Ixllo = F;(x)

To find the minimum 10 norm solution, E,(x) should be minimized.




A Simple Tracking Example




Proposed Tracking System
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Closed-loop Feedback Control System
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Proposed Method
* Time (1)

* Query sample (y)
 Dictionary (A)

* Error (e)

 Sparse coefficients (z)
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Positive and Negative Samples

Negative Frame(t)
Samples
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Representation of a query sample in frame t+1
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Proposed Method

S.I.

Xo(t) = argminl||x(t)||o

y(t+1)=B(1)x().
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Structural Similarity Index Measurement (SSIM)
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Wang Zhou, Bovik, Alan C., Sheikh, Hamid R., and Simoncelli, Eero P.Image Qualifty Assessment: From Error
Visibility to Structural Similarity. IEEE Transactions on Image Processing, Volume 13, Issue 4, pp. 600-612, April
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Compressive sensing for feature reduction

« & satisfies the restricted isometry property of order k<m and isometry constant
0 < 6 < 1 if for all k-sparse signal w:

bt

d e R""(m < n)

ueS; ={aecR" | alo=k}

(1=8) | ul3<]| Pu5< (1+8) || ul3
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Cont. Compressive sensing

In the theory of compressive sensing, if the matrix & follows the restricted
Isometry property:
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Results

Tracking Results of the Dark Car Sequence which has difficult illumination conditions
and background clutters

 Tracking results for more than 10 various ' W ij
publicly available video sequences G | LA,
Tracking Results of the David Sequence which has large illumination variation, partial

occlusion and pose change

* The Challenging factors:
» Large pose variation
* Full and partial occlusion
 Large scale change
* Scene blur _of plane oation and background clurs

« Significant lighting condition variations

° D |Sappearan ce Tracking Results of the Sylvester Sequence which pose change, fast motion and
illumination change

Tracking Results of the Tiger Sequence which has non-rigid object deformation,
motion blur, fast motion and in plane rotation
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Success Rate

sequence S5 Frag OAB MIL MTT ASLA Proposed Method

Ball
Biker
Tiger
Chasing
David
Sylvester
Shaking 11
Panda
Football
Dark Car

FaceOcc2 3 49
Goat 14 46
Average SR 5 632 217 199 479 528
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Center Location

Sequence

Ball
Biker
Tiger

Chasing
David
Sylvester
Shaking 11
PPanda
Football
Dark Car
FaceOcc2
Goat

Average CLE

Error (CLE)

Frag

OAB

48
10

¥

MIL MTT ASLA

50 58
68 109

61

9
17 19

109 99

314 435

Proposed Method
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Thank You

Questions/Comments?
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