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Cameras are ubiquitous and can significantly 
change the way we live and interact with our 
environment. Human activity recognition is 
central to understanding dynamic scenes 
for applications ranging from surveillance, 
to assisted living, to video gaming without 
controllers.

In this research, we propose a novel 
approach for activity recognition by 
comparing the principal angles of dynamic 
subspaces, which are found by performing 
SVDs of the experimental data.

The proposed approach outperforms  state-
of-the-art methods in very complex 
scenarios involving interacting actors, as well 
as in the classical KTH benchmark dataset.

Automatic activity recognition is key to 
detect threats and suspicious behaviors in 
video sequences.

Current state-of-the-art methods for 
activity recognition are based on space-time 
interest points extracted at the frame level 
or visual code words. The lack of use of 
dynamics information limits their ability to 
recognize long and complex actions.

In contrast, our new approach to automatic 
behavior understanding exploits the 
temporal information encoded in the data 
by modeling activities as the output of 
unknown dynamic systems evolving from 
unknown initial conditions. As a result, the 
proposed method is capable of parsing and 
recognizing complex activities and human 
interactions in long video sequences.
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•Robust activity parsing allows to detect contextually 
abnormal sequences of activity.

•24% accuracy improvement over the state-of-the-art 
human interaction recognition

•Use tracklets to handle occlusions and tracking 
failures.

•Incorporate dynamical time warping.

•Extend to more than 2 actors and more complex 
activities.
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Understanding human activities and 
interactions from video has application in 
visual surveillance, assisted living, human 
computer interfaces and entertainment.

The proposed algorithms have been 
prototyped in MATLAB and are simple to 
implement using C++.

None yet.
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Parsing Activities:
Enables Detection of Suspicious Behaviors
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•Given a sequence, the number of systems, 
and noise bounds, find a piecewise affine 
system such that:

• Can be solved using polynomial optimization 
on the Veronese map of the data.

Activity Recognition:

•Activities are represented by the 
subspaces of their feature (HOGs, 
cuboids, etc.) trajectories.

•The subspaces are found by 
performing a SVD on the Hankel
matrix of the measurements.

•DCC is used to align subspaces of 
sequences from the same activity 
to increase robustness to variations 
between actors.

•A support vector machine (SVM) is 
used to classify activities according 
to their DSAs.

Algorithm
Accuracy on
TV dataset

Ours (2010) 68%

Patron-Perez
et al (2009)

54.45%

Algorithm
Accuracy on
KTH dataset

Ours (2010) 93.6%

Wang et al (2009) 92.1%

Laptev et al 
(2008)

91.8%

Main Ideas:

•Long sequences with different activities are 
modeled as  hybrid systems with switches, 
mathematically described by graphs. Single 
activities are modeled as linear dynamical 
systems.

•Switches between activities can be found 
by semidefinite programming.

•Output trajectories can be compared in 
terms of dynamic subspaces angles (DSA), 
defined as the canonical correlations
between the subspaces spanned by their 
Hankel matrices.

•Discriminant canonical correlations (DCC) 
can be used to maximize the canonical 
correlations of with-in classes while 
minimizing the canonical correlations of 
between-classes 

Dynamical 
System

Dynamical 
System

Dynamical 
System

mailto:camps@coe.neu.edu
mailto:msznaier@coe.neu.edu

