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An Efficient Polygonal Surface Reconstruction
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Abstract : We describe a efficient surface reconstruction method that reconstructs a 3D manifold polygonal mesh
approximately passing through a set of 3D oriented points. Our algorithm includes 3D convex hull, octree data
structure, signed distance function (SDF), and marching cubes. The 3D convex hull provides us with a fast computation
of SDF, octree structure allows us to compute a minimal distance for SDF, and marching cubes lead to iso-surface
generation with SDF. Our approach gives us flexibility in the choice of the resolution of the reconstructed surface, and
it also enables to use on low-level PCs with minimal peak memory usage. Experimenting with publicly available scan
data shows that we can reconstruct a polygonal mesh from point cloud of sizes varying from 10,000 ~ 1,000,000 in

about 1~60 seconds.

Key words : polygonal surface, 3D convex hull, signed distance function, marching cubes, surface reconstruction
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An Efficient Polygonal Surface Reconstruction

(a) 3D point cloud (b) convex hull

(d) reconstructed mesh

(c) octree

Fig. 1 Proposed procedure for surface reconstruction
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Fig. 3 Resolution of the Face model with the resolution:
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function createlsosurfaceFromPoints(
positions, normals, resolution, octreeDepth )

// positions = surface positions
// normals = surface normals (unit vector)
// resolution = no of grid cells along each axis
// octreeDepth = max octree depth
{

var resolution = resolution || 64;

var octreeDepth = octreeDepth || 0;

// resolution

var rx, ry, 1z;

if{ typeof resolution == "number" )

{

X =1y =1Z =resolution;

}

else

{
rx =resolution[ 0 ];
ry =resolution[ 1 J;
rz = resolution[ 2 |;

}

var rmax = Math.max( rx, ry, 1z );

// bbox

var size = new THREE.Vector3();

var bbox = new THREE.Box3();
bbox.setFromArray( positions );

bbox.getSize( size );

var padding = Math.min(size.x, size.y, size.z) * 0.1;

bbox.expandByScalar( padding );

// bounds

var x0, x1, y0, y1, z0, z1;

x0 = bbox.min.x; x1 = bbox.max.x;

y0 =bbox.min.y; y1 = bbox.max.y;

70 = bbox.min.z; z1 = bbox.max.z;

var bounds = [ [x0,y0,z0], [x1,y1,z1] ;

// vsize, dmax

var dx = (x1 - x0) / (rx - 1);

var dy = (y1 - y0)/ (ry - 1);

vardz=(zl - z0)/ (1z - 1);

var vsize = Math.sqrt( dx*dx + dy*dy + dz*dz );

var dmax = vsize * 2; // max signed distance

/I octree
var octree = new SPARSEOCTREE.PointOctree(
bbox.min, bbox.max, 0.0, 0, octreeDepth );
var points = [];
for( var i =0, 1 = positions.length; i <1; i +=3)
{
varpi= {pi:i};

var p =new THREE.Vector3();
p-fromArray( positions, 1 );
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octree.insert( p, pi ); volumeData.push( dmax ); continue;
}
points.push( p );
} // convex: inside
/I convex /I octree: away from the surface
var convexGeometry item = octree.findNearestPoint(
=new THREE.ConvexBufferGeometry( points ); q, vsize * rmax/4 );
var convexInOut if( item =——=null )
=new JAMIE.ConvexInOut( convexGeometry ); {
item = octree.findNearestPoint( q );
var item, p, pi, nx, ny, nz, d; }
var volumeData = []; }

var q =new THREE.Vector3();
p = item.point;

// volume data (grid) pi = item.data.pi;
for( vark=0, z=20; k <rz; k++, z+=dz) nx = normals[ pi ],
for(varj=0,y=y0;j <ry; jt+ y +=dy) ny = normals[ pi + 1],
for( vari =0, x =x0; 1 <rx; i++, x +=dx ) nz = normals[ pi+2 ];
{ d=(qx-px) *nx+(qy-py) *ny +(qz-p.z) *
q.set( X, y,z); nz;
/I octree: near surface volumeData.push( d );
item = octree.findNearestPoint( q, vsize ); }
if( item =——=null ) /I isosurface
{ var geometry = new JAMIE.IsosurfaceGeometry(
// convex: outside [rx,ry,rz], bounds, volumeData );

var outside = convexInOut.isPointOutside( q );
if( outside ) return geometry;

{ }
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