Interactive Media Lab

Improving Reliability of Virtual Collision Responses:
A Cue Integration Technique
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virtual object by colliding with it. If collision responses do not Sensory Channel

occur in the direction that the user expects, the user (Vision and Kinesthetic)
experiences severe degradation of accuracy and precision in

applications such as VR sports games. In determining the o= Orientation vedtor of user's body
response of a virtual collision, existing physics engines have not im User's esimation of collison direction
considered in which direction the user perceived and estimated = Collision response from the physics engine

the collision. Based on the cue integration theory, this study  This study proposes a new collision technique that can
presents a statistical model explaining how users estimate the  improve the accuracy and precision of the collision
direction of a virtual collision from their body orientation vector  response when a user's avatar and virtual object collide in
and velocity vector. The accuracy and precision of virtual VR. Based on the cue integration theory, the technique
collisions can be improved by 8.77 % and 30.29 %, respectively,  ensures that the direction of the collision response is the
by setting the actual collision response in the direction that same as the direction of the collision that the user
users perceive. perceives.
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THE CUE INTEGRATED VIRTUAL COLLISION RESPONSES
This study deals with a virtual collision between a virtual ball and a user’s hand represented by a plate in the virtual space.
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STUDY 1: CALIBRATION OF THE MODEL PARAMETERS STUDY 2: EVALUATION OF COLLISION TECHNIQUE

Method Method
* 16 participants were recruited (9 females, 7 males). e 18 participants were recruited (13 males, 5 females).
* Participants were required to collide their main hand in various e Participants strike a virtual ball by hand.
proposed directions and speeds towards a virtual ball. o 2x2x2x2 within-subject experiment with 4 independent
* 6x3x2 within-subject experiment with 3 independent variables: variables: Collision Technique, Target Speed, Friction, and
Ball Direction, Ball Speed, and Ball Diameter Bounciness
Results Results | e
* The variance of the normal vector of the palm was directly pro- ¢ Our cue integration %E;
< Z. - - -
portional to the hand speed, while the variance of the velocity  collision technique has o0 05 00 05 Sow Fast  Conv Inieg
Friction Bounciness Target Speed Technique
vector was inversely proportional to the hand speed. been showntohavesig- €7 1 |, [ [ L [T
nificantly better accura- &£ -
S 100 aA, = 1.02 .. 0 00 05 00 05  Slw Fast Conv Integ
5 80} cy (8.77 %), precision Fridlon __ Bounchess  TargetSpeed _ Technque
% 60l bn =0.75 . .
< jg ! (30.29 %) and subjec- _3
g | av = 2.59 . = .
g o0 | v tlve pe rform ance SCO re :5 Mental Demand Physical Demand
h 0 . : : : . , . . bv —_ 17332 = o
0 1 2 3 4 5 6 0 1 2 3 4 5 6 (26.8 %) than the con- 3 i g
Hand speed (m/s) Hand speed (m/s) ] ] o IS H o e
B Estimation of palm normal vector B Estimation of hand velocity vector VenthnaI base“ne' Collision Technique == Conventional Response = Integrated Response

Graduate School of
I<AI ST CtrJTtuL:Z'I?ecEnz(l)ogy




