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Background

Proposed method

Today’s technology enables users to
manipulate complex, multi-part 3D
virtual objects in 3D space.

1. When the user lifts a part, the connected parts are also gradually
lifted, relative to the distance of the user’s hands movement.

In typical modeling software,
for operational efficiency,
parts of such a complex 3D object are
grouped and manipulated together,
but not individually.

Industrial products
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Virtual elastic band： It indicates the
connection between parts, and the
width of this band indicates the
connection strength between
connected parts.

Pull &
lift up

Pick

Ungrouping by lifting and
cutting a virtual elastic band
Easy, flexible, and accurate

Human body

Our system
Gesture-based mixed reality (MR) system.
Users can:
• select the parts (or groups of parts)
• observe the object in detail by ungrouping
• learn the structure of the complex 3D
objects

2. The user can separate a group of parts freely by cutting
the connections with their other hand, observing connections.
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Cut

Gradually expanding: If all parts are
expanded at once, users will lose the
original shape of the object, and it can
become unclear which parts they
wanted to separate.

Release

Related work
There are several multi-selection techniques in 3D modeling software
or VR systems.
• Shift (or Control) key + Clicking • Volume cursor [1, 2]

Complete
ungrouping!

Expanding by force-based algorithm:
Even though the user lifts a single part,
other parts will stay in contact with each
other.

Conclusion
Cumbersome
• Magic wand-like selection technique [3]

Inflexible

Not cumbersome,
and more flexible than Volume cursors.
but, missed selections may occur.
In addition, these studies do not consider the connection strength
(strength of relationship) between associated parts.
To solve these problems, we propose a technique
(1) Not cumbersome, but flexible and more precise
(2) Users can observe the connection strength, understand
the structure, and separate objects along the connection

We propose an ungrouping method which allows the user to ungroup a group of parts freely from
complex 3D objects by lifting and cutting a virtual elastic band.
In addition,
• Users can understand the relationships and the strength between parts easily.
• This feedback provides a comfortable operational familiarity
Although we implemented these methods using a MR system, our method can apply to VR.
It is possible to apply to these methods to CAD/CAM systems
(by assigning these gestures to a mouse or multi-touch display).

Future work
• Form clusters (such as phalanges, metatarsals, cuneiforms,
and talus bone) depending on the relationships to each other.
• Improve the methods based on users’ comments.
• Evaluate the effectiveness of our method through formal user.
studies, comparing with other methods proposed in related
work.

[1] T. Ohnishi et al., 3DUI 2011, [2] G. Haan et al., VRST 2002, [3] S. Rasmus et al., 3DUI 2012

(a) Current
implementation.

(b) Future work. The
clusters are shown
by proximity.

