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Force Arrow: An Efficient Pseudo-Weight Perception Method
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Abstract

Virtual object weight perception is an important topic, as it heightens the believability of object

manipulation in immersive virtual environments. Although weight perception can be achieved using

haptic interfaces, their technical complexity makes them difficult to apply in immersive virtual

environments. In this study, we present a visual pseudo—haptic feedback system that simulates and

depicts the weights of virtual objects, the effect of which is weight perception. The proposed method

recognizes grasping and manipulating hand motions using computer vision—based tracking methods,

visualizing a Force Arrow to indicate the current lifting forces and its difference from the standard

lifting force. With the proposed Force Arrow method, a user can more accurately perceive the logical

and unidirectional weight and therefore control the force used to lift a virtual object. In this paper,

we Investigate the potential of the proposed method in discriminating between different weights of

virtual objects.
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Fig. 1. Concept of the ‘Force Arrow'—based interface for
pseudo—-weight perception. (A) Initial state, user grasps a virtual
object. (B) While the user is lifting the virtual object, ‘Force Arrow’
helps the user to control the corresponding lifting force and
velocity. (C) Muscle contraction occurs during the lifting process,
leading the user to perceive the weight of the virtual object
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Fig. 3. Force Arrow—based interface. (A) The arrow
indicates a discrepancy between the lifting force and the
standard force. (B) A blue mark indicates the minimum
force. (C) A red mark indicates the maximum force.
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Fig. 4. Examples of calculation and visualization of the
Force Arrow. (A) Current force is lacking. Thus, a user
should increase the lifting force. (B) Current force is
excessive. Thus, a user should decrease the lifting force
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Fig. 9. Use of ‘Force Arrow’. (A) A user lifts a virtual
dumbbell. (B) The user lifts with consistent velocity and
force. (C) Force arrow points to a gap between the
current lifting force and the standard force
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Table 1. Dumbbell weights

Dumbbell Weight
A 2KG
B 4KG
C 6KG
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Table 2. Results of the lifting experiments

Condition ANOVAs Mean & SD
Results(a=0.05) results
. F= 8.701903, Task1(M=0.65,
Difference Task1 from -0.006356 SD=0.171)
Task2 DGSW'_ 0588 Task2(M=0.83,
’ SD=0.114)
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