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Introduction

G
iven a set of aligned, dense range im

ages, 
w

e w
ant to reconstruct a m

anifold that 
closely approxim

ates the surface of the 
original m

odel.

G
oal



D
esirable P

roperties

¥
R

epresentation of range uncertainty

¥
U

tilization of all range data

¥
Increm

ental and order independent updating

¥
T

im
e and space efficiency

¥
N

o restrictions on topological type

¥
R

obustness

¥
A

bility to fill holes in the reconstruction



P
revious w

ork

F
rom

 unorganized points

¥
P

aram
etric (polygonal)

¥
E

delsbrunner92, B
oisannat94

¥
Im

plicit (volum
etric)

¥
H

oppe92, B
ajaj95



F
rom

 range surfaces

¥
P

aram
etric (polygonal)

¥
T

urk94, R
utishauser94, S

oucy95

¥
Im

plicit (volum
etric)

¥
G

rosso88, S
ucci90, H

ilton96



V
olum

etric m
ethod

¥
F

or a set of range im
ages, R

1 , R
2 , ..., R

N , w
e construct 

signed distance functions d
1 ( x), d

2 ( x), ..., dN (x). 

¥
W

e com
bine these functions to generate the cum

ulative 
function, D

(x).

¥
W

e extract the desired m
anifold as the isosurface, 

   D
(x) =

 0.



Z
ero-crossing

D
istance

from
surface

F
ar

N
ear

R
ange surface

S
ensor

V
olum

e

x



N
ew

 zero-crossing

D
istance

from
surface

R
ange surfaces

S
ensor

V
olum

e

x



+

S
can #1

S
can #2

S
urfaces

D
istance

F
unctions

C
om

bination

Isosurface
extraction



Least squares solution

x

f(x)
R

ange surface #1

R
ange surface #2



E
rror per point

E
rror per range surface

F
inding the f(x) that m

inim
izes E yields the optim

al surface.

T
his f(x) is exactly the zero-crossing of the com

bined signed 
distance functions.

E
(

f)
=

d
i 2

ò
i=1 N

å
(x,

f)dx



H
ole filling

W
e have presented an algorithm

 that reconstructs 
the observed surface.  U

nseen portions appear as 
holes in the reconstruction.

A
 hole-free m

esh is useful for:
¥ F

itting surfaces to m
eshes

¥ M
anufacturing m

odels (e.g., stereolithography)
¥ A

esthetic renderings



W
e can fill holes in the polygonal m

odel 

directly, but such m
ethods:

¥ are hard to m
ake robust

¥ do not use all available inform
ation



S
ensor

A

B

W
ithout space carving



S
ensor

H
ole fill

U
nseen

E
m

pty

N
ear surface

W
ith space carving



C
arving w

ithout a backdrop

S
ensor

S
urfaces

S
canning scenario

V
olum

etric slice



B
ackdrop

C
arving w

ith a backdrop

S
canning scenario

V
olum

etric slice

S
ensor

S
urfaces



T
ypical data size

¥ 60 scans 

¥ 10 m
illion input vertices 

¥ 100 m
illion voxels



S
oftw

are optim
izations

¥
R

un-length encoded data structures

¥
M

em
ory coherent traversal

¥
B

inary depth trees

¥
R

estricted m
arching cubes



R
esults

W
e have tested the algorithm

 on several 
m

odels to explore:

¥ R
obustness (drill bit)

¥ E
ffectiveness of hole filling (dragon)

¥ A
ttainable level of detail (H

appy B
uddha)



D
rill bit

S
ide view

 of drill bit

  P
lan view

 w
ith 

sensing directions

1.6 m
m



P
lan view

Z
ippered
m

esh

U
norganized

points
R

ange
surfaces

V
olum

etric
m

esh



S
ide view

Z
ippered
m

esh
V

olum
etric

m
esh

P
hotograph of

painted drill bit



D
ragon

1.
N

o hole 
filling

2.
H

ole filling
w

ithout
backdrop

3.
H

ole filling 
w

ith
backdrop

4.
S

m
oothed



1
2

3
4

C
lose-up

of the belly

V
olum

etric
slices

G
ap

U
ncarved



H
appy B

uddha: from
 original...

O
riginal 

m
odel

P
ainted

original
R

ange 
surface



...to hardcopy

B
efore

hole filling
A

fter
hole filling

H
ardcopy



D
ata sizes for H

appy B
uddha

N
um

ber of scans:
60

Input triangles:
10 m

illion

V
oxel grid:

400x1000x400 

S
torage:

640 M
B

 w
/o R

LE

  49 M
B

 w
/ R

LE

O
utput triangles:

2.6 m
illion  (55 M

B
)



E
xecution tim

es for H
appy B

uddha

T
im

e to scan:
1-2 hours

T
im

e to align:
3-4 hours

T
im

e to m
erge:

47 m
in.

(w
/o hole fill)

3 hr 17 m
in. 

(w
/ hole fill)

T
otal tim

e:
5-10 hours



Lim
itations

¥O
ptical scanning

¥
S

urface points m
ust be accessible

¥
S

urface reflectance affects results

¥V
olum

etric algorithm
¥

T
hin surfaces and sharp corners



F
uture w

ork

¥  C
arving from

 video/im
age silhouettes

¥  N
ext best view

, including backdrops

¥  Large-scale scenes

¥  S
urface color acquisition
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T
am

ara M
unzner.....................................V

ideo production

M
att P

harr...............................................A
ccessibility shader

A
fra Z

om
orodian....................................S

canning script engine



C
heck it out...

N
ow

 available:

¥ S
oftw

are

¥ R
ange data

¥ S
urface reconstructions

G
o to:http://w

w
w

-graphics.stanford.edu/softw
are


