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Introduction

e An auto-navigation system for
virtual environments:

+ specifying locations of interests by
clicking on a 2D layout map

e Theproblems:
< Tour path planning
¢ Camera motion planning
¢ Humanoid simulation
e Given aknown target path, to

generate an intelligent camera
tracking motion to

. Joie
i
¢ avoid collisions with obstacles : .
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¢ allow on-lineinteractive
modification

Problem Formulation: View Model

Target
configuration:
a=x,y,q"
Viewpoint
configuration:
o°=(xy°,q°)
Composite space:
(er yr' q r, Xov yo' q 0)
Configuration-Time
space (CT-space):
(t, x°,y°, q°)
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Problem Formulation:
Planning Space Parameterization

View Model Definitions:
View Distance (I) and Tracking Direction (a)
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View Model Definitions: View Angle (b)

<]

Target

Search Space for the Planning Problem

e Equivalent space: CT (t, x°,y°,q°) =>CT (t,a,l, b)

e Simplification: fixing view angle (b) => CT” (t,a,|)

e Relaxing view angle (b) after a feasible path isfound.
q(l, a)t

(te ™, )

o
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Search Criteria for Best-First Planning

e A Best-First Planning (BFP) algorithm is used.

e The"Best” criteriaused in the sear ch:
+ Planning time (t): highest priority
o Tracking Direction (a ): subjective criterion
¢ View Distance (l): subjective criterion
¢ Overall Movement (d): subjective criterion
o View Angle (b ): lazy movement in postprocessing
e Cost function:
f(t’ a, l! dlr) = Wl* fl(D + WZ* fZ@ + WS* f3(|_) +
w,* f,(a,l, dir)

Examples of Observer s Motions

[Prefer Good Tracking Direction (a ) ] [Prefer Good View Distance (I)]

O observer ® target
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Motivation for On-Line Planning

e Problem:

¢ Thechoice of search criterion issubjective. The
user may not be satisfied with the planner -
gener ated paths.

e Solution:

+Wewould liketo develop an on-line algorithm
to allow the user to modify the planned path
interactively in an on-line manner

+ Thevisbility constraint isguaranteed to be
satisfied.
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Search Space for
Maintaining Visibility at Run-Time

q(l.a)

cTr’

e R : forward
reachable region

e R, : backward
projection region

e R.: Crosssection
9 of RandR,in

CT”, legal region

for transforming t.
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|ldeas for the
On-line Planning Algorithm

e Onecan not afford to search the whole CT-space
on-linein each frame update to ensure visibility.
e Proposeto usean incremental search algorithm.

# At each time step, searched regionsin earlier stepsdo
not need to be sear ched again.

e Need to distinguish two cases:

+ Backward search: when the desired configuration has
NOT been visited.

+ Forward search: when the desired configuration has
been visited.
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Example of On-Line Planning

forward
search

—+V

to T iy t t
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Implementations and Experiments

| mplementation: The on-line planner iswritten in Java.
Collision detection: akey module for planning efficiency
¢ Use a 3D distance map to speed up visibility checks.

¢ Thevaluein each cell of thismap representsthe distanceto the
first obstacle boundary from the corresponding configuration.

Experimental settings:
+ Planning timeismeasured on a Celeron 400 MHz PC.
o Workspace: 128x128 grid
e Rotational increment: 3 degrees
Planning perfor mance:
+ Average number of configurationsvisited for each frame: 40.
o Maximal planning timein an execution step is around 250ms.
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Experimental Results:
An Example of On-Line Modification

‘ Planned path] \ On-line modified path]
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Experimental Results: Another
Example of On-Line Modification

Planned path] {On-line modified path]
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A Virtual Factory Example:
3D Graphical User Interface

3D Virtual Factory Model
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A Virtual Factory Example:
On-Line Planning Example

\ Planned path ] ‘ On-line modified path ]
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Conclusion and Future Extensions

e Proposing a planning approach for tracking moving
target with an intelligent virtual camera

¢ Finding a good path quickly for interactive applications

¢ Proposing an incremental searching algorithm for on-line
modification of the observer’ smotions

e FutureExtensions:
e predicting the target’ smotion which isunknown in advance.
< handling 3D environmentswith full camera motions.

eintegrating the planner into a virtual presence system,
connected to 3D user interface, such asVRML browser.
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