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Figure 1. Virtual Projection is inspired by its optical counterpart for transferring information between handhelds
and stationary displays such as tabletops, PC displays or large public displays. By fixing the virtual projection to
the display, the frustum can also be used to (a) select regions, (b) interactively apply filters, and (c) post multiple

views.

OVERVIEW

Handheld optical projectors provide a simple way to overcome the limited screen real-estate on mobile devices.
We present virtual projection (VP), an interaction metaphor inspired by how we intuitively control the position,
size, and orientation of a handheld optical projector’s image. VP is based on tracking a handheld device without
an optical projector and allows selecting a target display on which to position, scale, and orient an item in a single
gesture. By relaxing the optical projection metaphor, we can deviate from modeling perspective projection, for
example, to constrain scale or orientation, create multiple copies, or offset the image. VP also supports dynamic
filtering based on the projection frustum, creating overview and detail applications, and selecting portions of a
larger display for zooming and panning. We show exemplary use cases implemented using our optical feature-
tracking framework and present the results of a user study demonstrating the effectiveness of VP in complex in-
teractions with large displays.

Portable projectors in mobile devices provide a promising way to overcome screen-space limitations on
handhelds, navigate information, or augment reality. One of their appeals is the simplicity of interaction: Aiming at
an appropriate surface projects the image, and changing posture and direction adjusts the image's position and
orientation. This behavior is purely based on optics, allowing us to intuitively grasp it based on our own experi-
ence with the physical world. However, strict adherence to the laws of physics also has its drawbacks: The inten-
sity of light varies with the projector's distance to the surface, and the projected image is tightly coupled to the
projector's movement.

In this paper, we apply the metaphor of optical projection to digital surfaces in the environment. We use a
handheld device, tracked in 6 DOF, to support Virtual Projection (VP) on one or more displays. The simulated
nature of VP allows us to address some of the limitations of optical projection, avoiding unwanted distortions, jit-
ter, and intensity variations, and eliminating the need to continually point the projector at the surface on which it is
projecting. This also frees the frustum so that it can be used for selecting areas, either for navigation or for apply-
ing filters.

Our work makes several contributions: (1) We explore the implications of VP as an interaction technique and
show how decoupling the projection from the projector and ad-justing transformations can improve interaction. (2)
We describe relevant characteristics of VP. (3) We present an implemented software framework for creating VP
applications for consumer smartphones that does not require external tracking, and show exemplary use cases.
(4) We report on a user study comparing VP with both absolute and rela-tive techniques for content placement
using a handheld device. Our findings suggest that VP is especially suitable for complex (i.e., translate-scale-
rotate) projections.
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Figure 2. VP walkthrough: (a) Shaking the device to create a view. (b) Interacting with a non-projected view. (c—e)
Creating a projection by aiming at the secondary display, long pressing, and releasing. (f) Synchronized interac-
tion. (g) Projection frustum can be used for filtering or navigating. (h) Projections can be moved or deleted by aim-
ing, long pressing, and dragging out of the display.
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