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Abstract more consistent TUI that can handle partial occlusions,

Interaction with 3D objects using standard computer inallowing the sphere to be manipulated by hand. Vision-

put devices such as a mouse and keyboard is oftenbased sphere tracking is not a new idea, however most
difficult task. For this reasorlangible User Interfaces of the previous methods resolve only three DOF, namely
(TUIs) are developed to allow more natural 3D interacthe position of the sphere and not the orientation. The

tion by manipulating physical objects in a familiar way.most similar method to ours is that of Greenspan and

We present a new TUI system that includes a passivéraser [[2], where a sphere dipole is tracked to provide
optical tracking method to compute the six degree-ofa five DOF passive input device.

freedom pose of a sphere in a real-time video stream, and

then apply the pose to a virtual object. The pose is accd- Sphere Tracking

rately resolved under partial occlusions, allowing manipour sphere tracking method consists of a number of com-

ulation by hand without a tracking failure. puter vision techniques and applications of 3D geometry.
) We break up the tracking into two steps: computing the
1 Introduction sphere location and computing the sphere orientation.

Natural interaction methods that consist of manipulating 1 Location

real physical objects to control virtual entities are often _ _ ) ) _ o
called Tangible User Interface¢TUls). We present a Locating the sphere in an input image consists of finding

new TUI system that operates by resolving the full siitS circular projection and then computing the 3D location
degrees-of-freedom (DOF) pose of a sphere from reafvith respect to the camera. The blue color of the ball is
time video input, and then maps the pose to a 3D virtualsed to find_its projection. First a binary image is created
object. We use a blue ball with red and green surface doy Ségmenting based on the hue that represents the blue
as the sphere to be tracked (see Figire 1). This approgk®0r- Then contours in the binary image are computed

is similar to that of Guenter et al.J[3], who use colorec@nd small contours are filtered out. Since the projection
dots to capture facial animation. of a sphere is always a circle, the minimum enclosing cir-

cle of each contour is computed and the contour with the
best ratio of pixel area to minimum enclosing circle area
is chosen as the sphere projection. Fidure 2 illustrates
these steps to find the projection of the sphere.

Figure 1: Sphere to be tracked for interaction.

Other vision-based TUIs have been developed by Fjelc
and Voegtli [1], and Huang et al.l[4] where a physical
cube is visually tracked for 3D interaction. However,
the cube tracking relies on locating planar markers on
the sides of the cube which do not allow occlusion by
a user’s hand. As well, the planar tracking accuracy de-
pends on the angle formed between the plane normal afiégure 2: Locating sphere projection. From top left: In-
the camera, so tracking can be inconsistent as the cubeé: Binary image; All contours; Filtered contours (filled
is manipu|ated_ Our Sphere tracking System provides Ig), Minimum CHCIOSng circles; Most circular contour.




When the sphere projection is found, the 3D locatiorthoose the minimum enclosing circle for the sphere pro-
of the spherg X, Y, Z) is computed using the intrinsic jection and also we do not require all of the surface dots
parameters of the camera. If the focal length of the cante be visible. This allows a user to pick up and control
eraisf, the principal point i§p,, p,), and the center of the sphere by hand, even if their fingers occlude part of

the sphere projection (s, v), then it. Figure/4 demonstrates the results of our system includ-
2 ing occlusions, by augmenting a teapot using the pose of
X = 72'(“]7“), Y = 7'(“]7“). the sphere.

So we haveX andY expressed in terms df. Now,
we use the assumption of weak perspective projedtion [er
to computeZ as follows

whereR is the radius of the sphere ands the radius of
the circular projection.

2.2 Orientation |

The red and green dots on the surface of the sphere ar|
used to compute its 3D orientation. First the projections
of the dots are located on the image plane, similar to
locating the blue projection of the sphere. In this case
the projections are ellipses and we can restrict the search

space to within the projection.of the sphere that we havpjgure 4: Regular tracking results (top) and occlusion
already computed (as shown in Figfite 3). Then we COMyandling results (bottom).

pute the polar coordinates of the located dots assuming

that the center of the Sphere projection is the north pole. App”cations of our TUI system include augmented re-

The two dots closest to the center of projection are seity, games, CAD systems, and virtually any interactive
lected, and the angle between them (through the cenigfaphical application.

of the sphere) is calculated from the polar coordinates.

This angle is then used to search through a pre-computég¢knowledgements
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