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ElasticConnections: Observing and Ungrouping Methods
for Complex Virtual Objects in 3D Space

MAI OTSUKI™  TSUTOMU OSHITA™ ASAKO KIMURAT™
FUMIHISA SHIBATA™ HIDEYUKI TAMURA™

Today’s technology enables users to manipulate complex, multi-part 3D virtual objects such as industrial products, structures
designed by CAD, and models of the human body in 3D space. We propose a system that realizes gesture-based separation and
observation of a group of parts from complex virtual objects in 3D space. One practical application of our system is for training,
such as learning the structures of the human body or industrial products. By using an elastic metaphor, our method enables users
to (1) observe the relationship (connection and its strength) between the parts and (2) separate a part of the object efficiently.
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Figure 1  Observing and ungrouping by proposed method.
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Figure 2 Example of Explosion Diagram by Li et al. [5]
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Figure 3 Example of ungroup in the case of complex model.
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Figure 4 (Left) Example of the virtual object, (Right) the
graph that representing the connection between the parts.
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Figure 5 Part expansion example.
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Figure 6 Example of the no space between the parts.
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Figure 8 Parameters used for the local expansion of the parts.
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between parts through elastic band width.
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Figure 10 Displaying group relationships (In this figure,

groups are color coded for ease of understanding). (a)
Grouping of toes, middle of foot and heel. (b) Expanding
without taking groups into account. (c) Expanding based on
group separation.
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Figure 18 Gradually expansion of the parts.
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(b) When the parts are in the effective area
(Fett = lhanda > M Tegr), they expand gradually.
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Figure 20 Expanding the parts locally.
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Figure 21 Difference in representation of groups depending on
the value of coherence a.
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Figure 22  Cutting rubbers
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Figure 23 Displaying the labels of the expanded parts
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Table 1 Experimental conditions.
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Figure 24 Lung & heart model for practice
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Figure 25 Experiment results: 5 point scale evaluation
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Figure 26  Test cases
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x 2 HEEMEOAA—VE, =y UK,
WY T8, ) fps
Table 2 Parts, edge, polygon numbers,
and average fps of each virtual object.

Parts# | Edge# | Polygon# | Ave. fps
Foot bone 30 35 15276 54.6
Microscope 34 35 7984 57.5
Truck 29 29 62958 32.7
Lung and heart 12 13 279859 9.0
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Figure 27 “Scaling” by both hand gesture.
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Figure 28 A large repulsion force drastically changes the look
of the microscope. Many parts and edges overlap each other.
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Figure 29  Lungs and heart example displaying object grouping.
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