
Human Action Recognition using Hankel Matrices 

Abstract!
Surveillance systems are used everywhere, but the 
manpower required to monitor and analyze 
surveillance videos is often expensive. Human activity 
recognition is another step towards developing better 
surveillance systems. !

Applications!
 surveillance in public spaces!
 pedestrian on the streets!
 fall detection for older people !
 film and media analysis!
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Dynamics (cont.)!

• The Hankel matrix allows you to arrange the length 
vector for each frame into partially overlapping 
segments and rearranging them into a matrix!

Single Value Decomposition!

• Concatenate all Hankel !
matrices into one matrix.!

• The SVD of the Hankel matrix can still provide the 
dynamic order of the Hankel matrix. !

Reprojection!

• The U Matrix is especially useful to us to “align” 
matrices.!

• To make activities more comparable, matrices are 
reprojected onto the same subspace using the U matrix.!

• Find the energies on each direction by looking at the 
norms of the rows of !

Supervised Learning: SVM!
• Human activity recognition using SVM is a new method 
in this area of research. !

• The purpose of SVM is to find an optimal hyperplane 
under the linear separable condition. As for nonlinear 
separable conditions, it uses a kernel to map between 
the features spaces.!

• This optimal hyperplane leaves the largest possible 
fraction of points of same class on the same side!

Conclusion!
• View video sequences as dynamic systems and use 
the Hankel matrix and its properties to help us 
understand the data association between video 
frames. !

• We train and test with a popular supervised learning 
method (Support Vector Machine) for human activity 
recognition.!

• Explored basic human activities such as clapping, 
waving, boxing and walking from the KTH dataset, 
our results are very promising.   !

Results!
Previous work:  

Our method: tested clapping, waving and boxing. Using only decent 
segmentations.  

Average accuracy rate = 96.3% 

Segmentation: Human Detection 
• Average filter 
• Background subtraction 

Overview 
• Most of the current human activity recognition 
algorithms are carried out at the frame level and 
neglect the temporal data association between the 
frames. !

• For example, bags of features cannot detect events 
distinguished by temporal information (i.e. standing 
up and sitting down)   

 In our approach, we view video sequences as the
 output of dynamic systems and use the Hankel matrix
 and its properties to help us exploit the data
 association between video frames. 

 Algorithm

Dynamics!
Hankel!

• Definition: Hankel matrix is a matrix with constant!
positive sloping skew-diagonals.!

• The rank of Hankel matrix represents the dynamic 
order of the video sequence.!

Human Shape Features 
• Length from the reference point (head) to the contour 
at every 30 degree angles 

• For each image, we describe the human shape with 
12 length measurements. For each video, there are 30 
frames, length matrix is 30 x 12 

• In the actual implementation, we rotate each image 30 
degrees and measure the length from reference point 
to the contour at 0 degrees 
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Future work!
• Expand into multiple action detection or event 
detection!
• Less segmentation dependent!
• Implementation for real time applications   !


