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Mobile phones are an attractive platform that include image cap-
ture, location sensing, increasing processing power, and network
connectivity. This set of features is ideal for navigation and other
location-based services. We present a system to provide additional
contextual information to images displayed on these mobile de-
vices. By utilizing reconstruction and alignment techniques, we
can produce highly accurate georegistered camera poses for exist-
ing sets of images. This pose information can then be used to accu-
rately render new details onto the images. In the area of navigation,
we use this set of images to automatically generate landmark-based
navigation instructions, providing additional context to the images
in the form of directional arrows, surrounding map information,
and building annotations. Our system also enables live registration
of views acquired by a camera phone, allowing users to conceptu-
ally point at and click on a building in their environment through the
window of their phone’s camera. We demonstrate a light-weight
mobile client that can utilize a touch-based user interface for easy
access to all of the functionality supported by our context-rich nav-
igation system.

This work makes the following contributions to the area of aug-
menting images with contextual information:

• We present an approach to automatically compute camera poses
from unstructured datasets and to correct poor GPS readings by
leveraging on algorithms for robust image-based matching and 3D
structure and motion computation. Our system automatically re-
constructs camera pose by using the Photo Tourism system [2].
We extend this reconstruction by automatically aligning the recon-
structed geometry to the world using (possibly noisy) image tags
containing GPS data. We can further refine alignment by fitting the
reconstructed points to building outlines available from Geographic
Information Systems (GIS).

• This accurate camera pose allows us to automatically make in-
telligent selections of images to use in a landmark-based navigation
plan. The poses are also used to render new items into the images,
such as navigational arrows to highlight the path to follow [1]. Im-
ages may also be synthesized for new views by warping an existing
image to a plane as seen from a different location. This generates
understandable directions in more locations with a smaller database
of images.

• By using available building extent information and the calcu-

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
Copyright 200X ACM X-XXXXX-XX-X/XX/XX ...$5.00.

Figure 1: Light-weight mobile client that can display naviga-
tional instructions as well as additional context by labelling
landmarks and allowing them to be hyperlinked.

lated camera poses, we can highlight portions of the image cor-
responding to the landmark. This allows us to clearly label the
landmark referenced in navigation instructions when there may be
multiple landmarks visible. It also allows us to make the image in-
teractive, giving the user the ability to select a building and open a
URL or other information, allowing landmarks to be hyperlinked.

• We support automatic live augmentation of images taken by the
user. Given a new image, we can quickly calculate its camera pose
and then render augmentations into the image. Instead of using a
system based on matching to 3D structure similar to Photo Tourism
and other previous work [2], we propose a new method based on
image-to-image matching that can work with a system designed to
run in real-time on a camera phone [3].

• We built a prototype mobile client for both a mobile phone
and a mobile tablet with a touch-based user interface, as shown in
Figure 1. The client gives easy access to all of the functionality sup-
ported by our context-rich navigation system, including selectable
image annotations for easy access of information, and live match-
ing using the built-in camera.
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