A Volumetric Method for Building Complex Models from Range ImagesBrian CurlessMarc LevoyComputer Graphics LaboratoryStanford University

IntroductionGiven a set of aligned, dense range images, we want to reconstruct a manifold that closely approximates the surface of the original model.Goal

Desirable Properties¥Representation of range uncertainty¥Utilization of all range data¥Incremental and order independent updating¥Time and space efficiency¥No restrictions on topological type¥Robustness¥Ability to fill holes in the reconstruction

Previous workFrom unorganized points¥Parametric (polygonal)¥Edelsbrunner92, Boisannat94¥Implicit (volumetric)¥Hoppe92, Bajaj95

From range surfaces¥Parametric (polygonal)¥Turk94, Rutishauser94, Soucy95¥Implicit (volumetric)¥Grosso88, Succi90, Hilton96

Volumetric method¥For a set of range images, R1, R2, ..., RN, we construct signed distance functions d1(x), d2(x), ..., dN(x). ¥We combine these functions to generate the cumulative function, D(

) = 0.

Zero-crossingDistancefromsurfaceFarNearRange surfaceSensorVolumex

New zero-crossingDistancefromsurfaceRange surfacesSensorVolumex

+

Scan #1 Scan #2

Surfaces

Distance

Functions

Combination

Isosurface extraction

Least squares solutionRange surface #1Range surface #2

Finding the f(x) that minimizes yields the optimal surface.This f(x) is exactly the zero-crossing of the combined signed distance functions.

Hole filling

Sensor

A

B

Without space carving

Sensor

Hole fill

Unseen

Empty

Near surface

With space carving

Carving without a backdropSensorSurfacesScanning scenario

Volumetric slice

Zippered mesh

Unorganized points Range surfaces

Volumetric mesh

Zippered mesh

Volumetric mesh

Photograph of painted drill bit

1. No hole filling 2. Hole filling without backdrop

3. Hole filling with backdrop 4. Smoothed

1 2 3 4

Close-up of the belly

Volumetric slices

Gap Uncarved

Original model Painted original Range surface Before hole filling After hole filling Hardcopy