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Abstract

The RoomAlive Toolkit is an open source SDK that
enables developers to create interactive projection
mapping applications. The toolkit includes tools to
calibrate a network of multiple Kinect sensors and video
projectors. It also provides a simple projection mapping
sample and Unity3D integration that can be used to
develop new immersive augmented reality experiences
similar to those of the IllumiRoom [2] and RoomAlive
[3] research projects. We demonstrate a RoomAlive
installation using three projectors and four cameras.
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Introduction

We demonstrate the RoomAlive Toolkit, an open source
SDK that enables developers to create interactive,
immersive augmented reality experiences using
multiple projectors and commodity depth cameras. We
show the unique aspects of the RoomAlive Toolkit, such
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Figure 1. Dynamic projection
mapping can be used to project
onto moving bodies, for example.
Top: desired view; middle:
projected graphics; bottom:
resulting view.

as its ability to handle dynamic projection surfaces. We
will show various aspects of the SDK in detail, including
the calibration of multiple projectors and cameras,
basic projection mapping techniques and integration
with Unity3D. The RoomAlive Toolkit is provided as
open source under the MIT License. The code is
available for download at GithHub:
https://github.com/Kinect/RoomAliveToolkit.

The RoomAlive Toolkit allows for the use of multiple,
calibrated projectors and depth cameras, and unlike
most projection mapping formulations, allows for the
movement of projection surfaces. Our most recent
release of the RoomAlive Toolkit includes scripts and
other assets to easily create interactive projection
mapping applications using Unity3D.

Dynamic Projection Mapping

The use of projection mapping techniques to create
artistic and entertaining installations and performance
works is now popular and familiar, and there are
several professional software tools available to author
projection mapping content [4]. A basic assumption of
many of these tools is that the projection surface is
static (as when projecting onto the facade of a
building), or if it moves, that its motion is deterministic
(as when projecting onto robots). Critically, this
assumption simplifies the projection mapping problem
to a 2D mapping from content images to projected
pixels.

Meanwhile, a number of our previous projects
demonstrate the application of projection mapping onto
dynamic surfaces to create interactive, immersive
augmented reality experiences using multiple video
projectors and commodity depth cameras. In these
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systems, the projection must be continually adjusted to
respond to dynamic, moving surfaces sensed by depth

cameras. The projection mapping problem is no longer

a fixed 2D mapping.

The RoomAlive Toolkit supports dynamic projection
mapping where surfaces are sensed frame-to-frame by
depth cameras. Camera and projector poses are
determined in 3D, allowing the real time transformation
of depth image geometry for accurate projection
mapping onto moving surfaces.

Surface Shading and Viewpoint-Dependent
Rendering of 3D Graphics

The RoomAlive Toolkit supports two distinct types of
projection mapping shaders which can be used
simultaneously.

Surface shading refers to the use of projection to
change the color or appearance of a surface in the
physical world [5]. For example, the floor of the room
can be transformed into the rippling surface of a pond
in a gentle rain. Surface shading relies on the precise
geometry of the room as sensed by the depth cameras,
and may benefit from higher-level labelling of the
geometry so that, for example, the floor may be
shaded differently than the wall or other objects in the
room.

Surface shading effects are meant to appear at the
projection surface, and therefore do not depend on the
position of the viewer. Viewpoint-dependent rendering,
on the other hand, adjusts the graphics to account for
the position of the viewer and is therefore only correct
for a single viewer. Viewpoint-dependent rendering can
be used to project 3D graphics that appear as a real
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physical object lying between the viewer and projection
surface (a “hologram”). For example, a 3D graphic may
be projected onto a person’s moving body (see Figure
1). In this case the geometry of the room is effectively
used to counteract the distortion of the projection
caused by irregular (non-flat) surfaces of the physical
objects in the room.

Multi Projector and Camera Calibration

A truly immersive interactive dynamic projection will
require multiple projectors and depth cameras. Our
most recent installation, for example, uses five
projectors and eight Kinect cameras to cover most
surfaces of a corporate conference room (see Figure 2).

Figure 2. Calibration tool shows calibrated room using eight
cameras and five projectors.
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The RoomAlive Toolkit provides routines to
automatically calibrate a network of multiple projectors
and cameras. The initial release of the RoomAlive
Toolkit focuses on calibration, as this task can be a
particularly daunting for content creators. This
calibration procedure determines the precise 3D pose of
each camera and projector in the room, as well as
standard parameters such as focal length and principal
point for both cameras and projectors. The Toolkit also
provides a Kinect server, as a means to distribute
Kinect data over the network. This server also
calculates a standard camera model for the Kinect
camera.

Installation

Our installation at CHI demonstrates the RoomAlive
Toolkit with three projectors and four Kinect cameras
(see Figure 3). One of the Kinect cameras is used to
track the position of the viewer for view-dependent
rendering of a 3D object. The focus of the installation is
to demonstrate the basic features of the RoomAlive
Toolkit, including calibration, surface shading and
viewpoint-dependent rendering.
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Figure 3. A simple RoomAlive installation demonstrates view-
dependent rendering of a 3D object. Three projectors and
three cameras are used to projection map the room, while a
fourth camera (center) is used to track the head position of the
viewer. The 3D model of an apartment floor plan appears as a
3D object hovering between the viewer and the walls.
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