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To Do Real-Time
Visualization,

Capture a terrain image In real-time
Register the image to world coordinates

Create a perspective transformation
between world and image coordinates

Overlay map symbols on the image

Display the composite image as a 3D
GIS interface



A Composite Image

Urhere at Albany!
Move your cursor
over a map symbol to
identify it. Click it to
get more information.
Click anywhere else
on the image to
recenter the camera.
Try selecting features
from the box on the
right. Enjoy!




Capturing Imagery

Any digital camera can be used

The current project uses a fixed-mount,
remotely-controllable camera

Users can control the camera pan, tilt,
and zoom (scale) over the web



Registering Images

In a fixed mount system, the camera
location is always known

The system acquires the current focal
length (zoom setting), pan, and tilt

It creates a perspective transformation
from these values

It maps 3D elevation coordinates to 2D
Image coordinates



Mobile Camera Registration

GPS provides the camera position
A digital compass acquires a pan angle
A digital inclinometer gets the tilt angle

Current positioning technology Is almost
ready for prime-time



Creating a Perspective Model

Start with a digital elevation model

Create a perspective projection with:
The viewpoint position in UTM

The camera look angles and field of view In
radians

OpenGL, Direct3D, or other 3D libraries
handle the projection mechanics



Problems with Perspective

Each viewpoint requires a new model

Each model requires high density
sampling near the viewpoint

A fixed DEM sampling model with
sufficient sampling near the viewpoint
oversamples away from the viewpoint

Rendering would take far too long



Fixed Grid Sampling Issues



Solution: Adaptive
Resampling

Create a high-resolution, seamless grid
DEM for the camera’s operating region

Resample the HR DEM In real-time for
each viewing location

Extract significant samples recursively
until error criteria are met



Resampling to a Triangulated,
Irregular Network (TIN)

Samples are selected if they vary from
their enclosing plane by more than a
local tolerance value

The tolerance increases with distance
from the viewpoint

Distant, irregular surfaces are
represented sufficiently without
redundant coverage near the viewpoint



TIN Sampling

Each node represents a sample



Procedure GridToTinVT

Similar to an algorithm proposed by
Heller (1990)

Provides an adaptive, triangular
decomposition of a grid

GridToTIinVT adds a variable tolerance
iIncreasing with distance from the VP

Delaunay triangulation is performed
after all points have been selected



Begin with a Top-Level
Subdivision of the Grid




Find the Furthest Sample from
the Plane of Each Triangle




Subdivide the Triangles and
Continue




Sampling Tolerances Vary
with Distance from the VP




Execution Speed Issues

GridToTIinVT produces small, adaptable
data sets for efficient perspective model
construction, however ;

It requires expensive scans of the
original grid data when searching for
maximum variations from the plane



Speeding up GridToTInVT
with LocalTinVariance

Use GridToTIinVT to write a high-res TIN at a
constant sampling density

—or each sample, record its distance from the
nlane of its parent’s triangle

_ocalTinVariance scans the high-res TIN,
searching for samples that exceed the
variable local tolerance

Scanning works In linear time
Execution time Is constant for all tolerances




LocalTinVariance Results

Starting with
10 m res. DEMs over a 8100 km? region

A 0 m vertical tolerance at the VP
Increasing to 133 m at the region edge

Ended up with

150,587 triangles rather than the maximum
of approximately 162,000,000

Took about 3 minutes on a 700 mHz laptop



LocalTinVariance Speed
Factors

Worst-case performance is linear with
respect to the number of grid samples

Essentially a SQL SELECT operation
with a variable parameter

Most of the execution time Is spent
reading disk records



A Web-Based System

Offload resampling and 3D processing
to a web server

The server ships a composite image to
the client

The client displays the image as an
HTML imagemap in a browser

Browser imagemap coordinates are
registered to projected screen coords




The Current Implementation

Imaging—~Perceptual Robotics
Roof mounted webcam with image server
Remotely controlled via browser interface
Client System
Any JavaScript enabled browser

Augmented Scene Server

C# for MS Windows, .NET Framework,
using MS Direct3D



—

Implementation Overview



—

Patent Information

Aspects of the current project are
protected under U.S. patent 6,930,715



—

Thanks for Coming!

Questions?



