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Egocentric video registration for collaborative localization

Scientific project Our group is involved in an European project focused on improving the safety and security of
mass gatherings in complex scenarios and widespread urban environments. In such situations, the crowd is often
inhomogeneous in terms of density and motion dynamics. In addition, pedestrians are distributed over large areas.
The surveillance over the course of an event is challenging for Law Enforcement Agencies (LEAs) even without
disturbances. An up-to-date overview is often missing, and fast reactions in case of accidents, offensive behaviour
or crowd densities that trap people and endanger lives (often referred to as “panic situations”) are difficult, while
pre-emptive measures seem impossible.

Crowd analysis is an emerging topic in computer vision, being closely related to image processing, machine
learning and multiple object tracking. Advances in this field benefit to a variety of problems, which may be more
methodological, such as graph modelling for collective motion analysis, or more practical, such as improving the
security of a specific location.

For a significant number of problems related to direct risk assessment (i.e. detection of aggressive behaviour,
detection of phenomena that indicate danger for the crowd such as extreme density, tracking and identification of
individuals who may represent a threat to others), mobile cameras can provide valuable information. Pose estima-
tion/calibration of stationary and mobile cameras in particular for distributed camera networks is an established
field of research ([1, 2, 3]), but urban areas raise specific difficulties (large distances, difficult interest point mat-
ching due to homogenous areas or repetitive structures, significant amounts of dynamic blobs representing groups of
people without a clear background). To overcome these issues, alternative ways to allow highly accurate camera pose
estimation (geo-registration) must be found. This challenge represents the objective of the proposed PhD scholarship.

Preliminary work on visual SLAM based calibration has been carried out by Fraunhofer IOSB [4], with promising
results on the calibration of “mid-scale” camera networks with non-overlapping fields of view. The scientific aim of the
PhD is to extend this approach to a large scale urban environment, by estimating the pose of a moving camera (UAV
or wearable camera) in order to relate elements of interest to a larger context, which is available only in the wide field
of vision of static cameras. Analysis of egocentric video is the foundation of augmented reality [5], and it has also
developed lately as a prerequisite for re-identification in surveillance, or for collaborative target localization [6]. In
our context however, the work will be focused on the highly accurate registration of a mobile camera within a static
camera network or within a previously constructed cartography. Previous results indicate that exploiting additional
sensors injects helpful information for the pose estimation [7, 8]. Based on previous work performed on GPS filtering
in urban environments [9, 10] and on inertial-vision data fusion for navigation [11], we intend to rely as well on
additional data sources (GPS and inertial sensors) in order to constrain and solve the pose estimation problem for
wearable or UAV cameras.

Beside the collaboration opportunities with Fraunhofer IOSB, the PhD project is expected to capitalize on our
group research experience in static camera pose estimation in large urban scenes [12], embedded systems and data
fusion.

Prerequisites Research Master degree with strong background in computer vision and related fields.

Skills A good level in C++ programming. Data fusion. Experience with sensors, data recording, and generally any
previous experience acquired in robotics related projects or robotics clubs will be appreciated.
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