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Figure 1: Our application scenario: a) AR user w. head-worn camera, looking at shared working plane, b) AR user’s view including
remote annotations, c) Remote user’s stabilized view

important consideration for this application is to create a stable
view onto the collaboration surface for the remote user to annotate.
Dynamic scenes, affected by movements of the worn camera or
objects in a view, make it very hard in general for a remote user to
annotate live videos. Using planar homographies, we build up a
large stabilized and rectified [8][6][11] view of the work
environment from the AR user’s camera stream (Figure 1c), in
which all scene parts outside of the current (smaller) camera view
are retained from the most recent camera frame that included
them. The quality of the homography is monitored so that we
know when tracking is lost (reasons include the user looking away
from the working surface or temporary occlusion). In that case,
we freeze the last known good complete picture of the work
environment for the remote user until we can re-establish the
homography in the local AR user’s view, either automatically, or,
in the worst case, by a very simple matching action prompted and
guided by screen messages and overlays.
We present two simple illustrations of our AR collaboration
setup in use: a Tic-Tac-Toe game between the local and remote
participant and the collaborative editing of a paper document.

ABSTRACT
We present a method for stabilizing live video from a moving
camera for the purpose of a tele-meeting, in which a participant
with an AR view onto a shared canvas collaborates with a remote
user. The AR view is established without markers and using no
other tracking equipment than a head-worn camera. The remote
user is allowed to directly annotate the local user’s view in real
time on a desktop or tablet PC. The planar homographies between
the reference frame and the other following frames are maintained.
In effect, both the local and remote participants can annotate the
physical meeting space, the local AR user through physical
interaction, the remote user through our stabilized video. When
tracking is lost, the remote user can still continue annotating on a
frozen video frame. We tested several small demo applications
with this new form of transient AR collaboration that can be
established easily, on a per need basis, and without complicated
equipment or calibration requirements.
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INTRODUCTION
Augmented Reality is a very attractive paradigm for
collaboration, in which local and remote participants can share a
physical space and annotate it [2][3][10]. One practical hindrance
is the high setup cost resulting from the need to either instrument
the user or the environment with tracking systems and/or fiducials
for marker-based camera tracking. Markerless vision-based
tracking in unprepared environments [4][7][9][12] has taken great
strides towards becoming an important complement and
increasingly viable alternative to sensor-based tracking
approaches, but real-time and robustness demands still cause
problems for general scenes.
We are interested in specific AR application scenarios, for
which current state-of-the-art real time computer vision
approaches are useful, practical, and sufficient. This poster
describes a simple scenario for collaboration between an AR user
and a remote user interacting with the AR user’s video feed (see
Figure 1). The head-worn camera is the only tracking equipment
used. If we make the additional assumption that the local user be
looking at a planar collaboration space (e.g., a table top or
whiteboard), we do not need to solve the complete localization
and mapping problem [4] in order to get useful results. The most
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SYSTEM DESCRIPTION
A local AR user, wearing a head mounted display and camera,
collaborates with other participant(s) in the local physical
workspace, which is augmented by everybody’s annotations.
Other participants without AR equipment use desktop or tablet
PCs remotely with our viewpoint stabilization software.
2.1. Viewpoint Stabilization
The remote users’ view is coupled with the AR user’s camera.
To instantiate collaboration, the AR user looks at the target
workspace. The remote users can initiate “stabilization mode”,
which relies on tracking optical flow features in the AR user’s
video stream; the initial view is the reference frame. Using
successfully tracked features, we calculate planar homographies
between consecutive frames. Then the video frames from the AR
user are projected to the reference frame by the corresponding
homographies, stabilizing the remote user’s view. As an inverse,
the homography also enables the remote user’s drawings to
correctly annotate the AR user’s view, as shown in Figure 1.
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2.1.1. Homography Calculation
By considering the reliability of each homography, we can
estimate the homography between the initial reference frame and
the current frame as below:

H i ,0
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FUTURE WORK
We are currently evaluating our technique in the overall
framework of a transpacific teleconferencing project, including
tests of user acceptance for different methods of reinstating
homographies. We are working towards further improving the
tracking robustness, considering frame-to-frame constraints on
feature patterns in the scene. We also aim to bring up the frame
rate by both increased computational efficiency and use of
hardware acceleration, e.g. a GPU implementation of the warping
operation. Finally, we are interested in tackling applications
involving more general 3D geometries, which leads us into the
direction of SLAM algorithms [4].

H i , j H j ,0

where i is the current frame index and j is the most recent frame
index with a valid homography H j , j 1 . This sequential
computation of homography ignores invalid homographies in
between frame j and i. Also, this makes it possible for the AR
user to reset the lost homography. Being guided by frame j added
to the view in a ghosted screen-stabilized visual overlay, the AR
user can move the camera near to the last known good view so
that the system may automatically pick up the homography or
choose another viewpoint manually.
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2.1.2. Feature Management and Error Recovery
The point correspondences are derived from tracking features
throughout the video. For each frame, 100 Harris corners [13] are
detected, including previously reliable features. Newly generated
features are matched to the nearest feature of the previous frame
with 3 pixel distance threshold. Additional new features are added
in order to maintain up to 100 features. Among these features,
only the inliers from the RANSAC algorithm [5] are used to
compute the homography. The number of inliers also determines
the reliability of the homography, with an empirically chosen
threshold of 40.
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RESULTS
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