Computing models of 3D geometry and
appearance for photealistic rendering

Martin Jagersand,
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budget 3D from video e xampl

*[nexpensive

*Quick and convenient
for the user

*Integrates with existing
SW e.g. Blender, Maya
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/ budget 3D from video
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$100: Webcams, Digital Cams $100,000 Laser scanters e
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*Quick and convenie
for the user

Camera-based 3D capture system - UmyversiyjotsAlberta

Capturing 3D from 2D video: minutes
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e New aco
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W_Appllcatlon Case Studyumm

uisition at the UofAA group of 8

sculptures depicting Inuit seal hunt

e Acquirec

from sculptor by Hudson Bay Company
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AIOpllc:atlon Case Study

Results:
1. A collection of 3D models of each component

2. Assembly of the individual models into
and
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Preliminaries:

 Shape From Silhouette

— Works for objects
— Robust
— Visual hull not true object surface

e Structure From Motion
— Works for Scenes
— Typically sparse
— Sometimes fragile (no salient points in scene)
e« Space carving |
— Use free space constraints

e Global Dense Refinement

— VariationalPDE
— Use as second refinement step




Incremental Fre&Space Carvittg
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In 3D: Triang=» Tetrahedre
Conflic
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3D Modeling Syste
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*Online, incremental handling aew-information events
— Inputs continuously change online
— Different types of changes trigger tailored prooess

Event Handlers

KF Insertion [ Isosurface

A
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Video Points, Cameras, Hirmchion
Visibility 5)- Association |
oV t B N Dissociat Carving
SLAM (PTAM) [ 011 —3mO—3m
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E)_ Refinement |~ Rendering
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2r Macro, MespMicro model

 Multi-Tiered Models:

— Commonly: L3
— Two tiers: 3D Geometry and appearance (* textumpping)
— Used in graphics applications, recovered in Visipplications
— ThreeTier
— Macro scale: describes scene geometry (trianglagsh)
— Mesoscale: fine scale geometric detail (displacemem)ma
— Micro: fine scale geometry and reflectance (Texhasis)
— Captured by sequential refinement

Sh e
reﬂnemenﬂ
Dlsplaceme nt

mapping

SFS
SFM
R

ga p{netry

=

S e
Texture basis

extraction/

modulation

Refined Meso+Macro
geomeiry

Pﬂ su+Macm
na ren ermg

Input Video Macro geometry
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Geometry alone does not solve mortrel
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, iy JNeed: VL tI-Scale I\/Iode s
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_ Geometry _
Modeling Rendering

(Computer vision)

(Computer Graphics)

h , Depth \ A
B

> ] ———»

Multi-Scale modelMacro geometryMesodepth,Micro texture
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] Project: ./elle2/ (1,0,18,40) EEE S G St
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Oiptions-
# rays

-Cperations
GEM ﬂ'ﬂﬁml

Choose the
percentage
of vertices to
remoyve

Apply




CAMERA-BASED

3D CAPTURE
SYSTEM
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Compute camera — object
pose

Flat radial calib pattern
— Rotating all-around capture

Each row a unique code
eCrossratio
projective
Invariant
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«Background

«PCA model

— see tracking lectures

*One or more pixel
samples

Save your work often
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: Shape From Silhouette

o With multiple views of the same

o= object, we can intersect the
D E generalized cones generated by
each image, to build a volume

which is guaranteed to contain the
object.

e The limiting smallest volume
obtainable in this way is known as
thevisual hull of the object

« Use 8- 60 images

~<

e




Martin Jagersand

U of Alberta

otep 3: Shape From Silhouette
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e With multiple views of the
same object, we can intersect
the generalized cones
generated by each image, to
build a volume which is
guaranteed to contain the

0
e T
0

nject.

ne limiting smallest volume
ptainable in this way Is

known as theisual hull of
the object
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Voxel-based Image ray based Axis-alighed
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- Inaccurate + Accurate Moderatly accurate
+ Triangulate w. + Fast

marching cubes + Marching intersections
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For egch triangle in the model
establish 3 corresponding region
in the phototexture

During rasteriz3 tion i terpolate the
coordinate indices into the texture map



Simple models can be mantiaty”

3D geometry and texture warp map between viewdexidre images

View Re-projected ” Texture
geometry

Texture
coordinate
warp
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xture Mapplng DIffICU|tI?S

Can't
do this!

'

® &

e Tedious to specify
texture coordinates
for every triangle \

- Acquiring textures is ‘f 3 ;} |
— Texture image can't have- -
— Seamless tiling -
—Non-repeating textures =

Ny

- Yow can get arownd

i this problem for

- planar surfaces i
BT v specty 4 poiris...
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Complex detailed models:~--
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oordinate Mappi

*Orthogonal
Cylindrical
*Spherical

*Perspective
Projection

e Texture
Chart




Advanced texture spllttlng e

o LCSM: Least Squares Conformal Mapping
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0 6 Texture basis computatlon

"

| “av e

fd P roject: jusy/scratchicleo/sealhuni/blueseal 07 (0,0,88,1)

Fti'é Options
® Geumetry—
i |-Fnlﬁ_' I '-E:Hhar-l
Options—————
8 mg.:slaz %
I ksfs
textures
{de net disturbk
window until
process Is complete)
Apply
Cperations
Simplify I'*_Z_i,.'ﬁﬁ,i |
I‘}E-' remosvel 7
ARDlY »

- status bar B

|Save your work often



Martin Jagersand
U of Alberta

*Dyntext slides start here
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2r Macro, MespMicro model

 Multi-Tiered Models:

— Commonly: L3
— Two tiers: 3D Geometry and appearance (* textumpping)
— Used in graphics applications, recovered in Visipplications
— ThreeTier
— Macro scale: describes scene geometry (trianglagsh)
— Mesoscale: fine scale geometric detail (displacemem)ma
— Micro: fine scale geometry and reflectance (Texhasis)
— Captured by sequential refinement

Sh e
reﬂnemenﬂ
Dlsplaceme nt

mapping

SFS
SFM
R
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S e
Texture basis

extraction/

modulation

Refined Meso+Macro
geomeiry

Pﬂ su+Macm
na ren ermg

Input Video Macro geometry
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Geometry alone does not solve mortrel
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_ Geometry _
Modeling Rendering

(Computer vision)

(Computer Graphics)

h , Depth \ A
B
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Multi-Scale modelMacro geometryMesodepth,Micro texture




Three scales map naturally to CRY"

Key Issue: Efficient memory access and processing
_ Speedup
1. Macro: Conventional geometr
processing 10x

2. Mesa Pixelshader
— Fixed code, variable data access

3. Micro: Shadeior Register comti. 10x

— Fixed code, fixed data access
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2. I\/IesoStructure

base geometry displacement map displacement mapped
geometry

Displacement
mapped

Flat texture



Per-point cost function

®(.n) = L hOG R RO -RX L)

Visibility+sampling

reflectance

95 _ (200k —(Ob, n)n

Deformable mesh

Martin Jagersanc

Computlngl\/leso structure v

Depth from Base
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: Rendermg\/lesoStructure'
: 83 pixel s,haderlnstructlc;%{]g_ o

- ) .

view ray secant line

reference surface

displacement

v

Sample d and ray & (sayl15) points.

Find point location of intersection

. Approximated with line, calculate intersection
Potentially iterate If needed for accuracy

e\



Martin Jagersanc
U of Alberta

Over 100 fps on consumer graphics cards
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Modulated texture Traditional texture

=7 1IN\ GCUuU ULCAUVUULIVIII (ATlTU Udltul Lvurv L uouw PMLLDI 11

=> very fast implementation in graphics hardware
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, u | do dynamlc textures Work
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3D geometry and texture warp map between wewsteartdre Images

View Re-projected
geometry ﬁ Texture |

Texture
warp

Problem:

Texture
Images
different
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3D geometry and texture warp map between viewdexidre images

View Re-projected
geometry

Texture
warp

1: Planar error: Incorrect texture coordinates

Texture
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1. Moving sine wave can be modeled:

I(t) = sin(u + at)
= sin(u) cos(at) + cos(u) sin(at)

= sin(u)y1(t) + cos(u)ys(t)
Spatially fixed basis
2. Small image motion

I=1I+2Au+2Av

N/

Spatially fixed basis
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Llnear baSIS for U of Alberta
jetemporal varlatlcn hy -
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On the object/texture plane:

—Variation resulting from small warp perturbations
— Taylor expansion:

k k +2( kA,u +h.ot.
%Small if Al small

and T, smooth

T(V|ew) T, +3, T,Au+hot.

Similarly: Can derive linear bais for out of plaared light variation!
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GeometrlcspatletemporalUOfA'berta

Image”“ warp’

T(x) =T (W(x, 1))
Image variability caused by an imperfect warp
AT = T(W(x, u+Ap)) T,
First order approximation
ow ow

AT =1T(W(X, ) +0T7T —-T, =0T —
ou

ou
Concrete examples

—lmage plane
—Qut of plane
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e Homographywarp
U,- hl’LL hg’U ]’L5
o' | = Wi(xn, h) = Hh?iJFhSU hou hyv hg

« Projective variability:
v 0w

ATh_i[a—Tg—T] 0 o O

 c¢1 LOu? Ov




Martin Jagersanc
U of Alberta

. Out-of-plane variability

= A 1.'.;_ : o
e T L

eLet r=I[o,8 angle for ray to scene point
*Prewarp texture plane rearrangement: Scene

[ OU tan o] C1
ov | =Wy(x,d) =d(u,v) | tan 3 s

Depth w.r.t. model facet

e Texture basis

- 1 - - -
0 Ax
AT, = d(u,v) 55 5] 0 1 Af | =
i Coszﬁ i | \

\
Texture

= Bpyp 2/
o plane
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| hotometrlc varlatlon

Analytic formulafor irradiance for a convelxambertian
object under distant illumination (with attachecggbows)
- spherical harmonics

[Barsiand JacobfRamamoorthandHanrahar2001]

T(a,[.6,9) = ZZle(a B)AY, (6, 9)

=0 k=-

T :[Bl'”Bg][L1'”L9]T
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. Composﬂe varlablllty

Similarly, composite texture intensity variability

AT = AT, + AT, + AT, + AT,

rot

Planar Depth  Light Res Err

Can be modeled &uim of basis
AT = Bgys + Baya + Biy1 + AT,

= By + AT,
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How to compute?

] e _I__.-._ i ];_ e
e 3 LT
v ' 5 _ e =
: . ® : . "‘-l : ‘% ,;r 45

From a 3D graphics model: From video:

2. Jacobiarof warp or - :
displacement function app_ro_xm_ately 20dim
variation in the space of

* Results in about 20 Lioout texture s
components: all input texture images.

- T, => Extract this subspace
— 8 for planar,

— 2 outof plane (parallax),
— 3-9 light
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i HOW tO CompUte U of Alberta

1. Take input video sequence, use SFS/SFM
geometry to warp into texture space

Input Images GeometryTexture

2. Extract a 2@lim
subspace through PCA

TexDemo
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e« Same up to a linear transform!

e EXperimental verification: plandaomog

~

Derivatives
99% J
agreemeny
PCA
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Example renderings from 3D muode
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Recap hlerarchlcal modef

1. Macro:

» SFM, SFS can generate coarse geometry but not detailed
enough for realistic rendering

» Integrate tracking and structure computation
Scale: dozen pixels and up

2. Meso :

= Refine coarse geometry and acquire reflectance- variational
surface evolution

Scale: 1-dozen pixels
3. Micro spatial basis :

» Represents appearance and corrects for small geometric texture

errors limited by linearity of image Scale: 0-5 pixelsn
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1. Static texturing(Many, e.g. Baumgartner et al. 3DSOM)

— Average color projected to point.
— Better: Pick color minimizingeprojectiorerror over all input images
Works when model geometry is close to ground tauth light sinple

2. Viewdependentexturemebeveet al)
— Pick color from closest input photograph (or intdgte from narest 3)
Works when possible to store large numbers of image

3. Lumigraph/ Surface light fieldsuenier et al / wood et al)
— Store all ray colorsp{enopticfunction) intersecting a proxy surface
Works if proxy surface close to true geometry

4. Dynamic textureours:Jagersan®d7/Matusik/ lkeuchi99 /Vasilescu04...
— Derive a Taylor expansion and represent derivathfesew depadency
Works for light and small ¢5 pixel) geometric displacements.

videos
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From Slmple to Complex Scemes

SimpleGeom SFS alone ok

2. GeneralGeom SFS +Variational &
Shape and Reflectance fitting AR A A
(+View deptexture) S M e

3. Complex Light: Dynamic Texture /
Lumigraph

4. Challenge for Computer Vision
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From Slmple to Complex Scenes

1. SimpleGeom SFS alone ok -
70 | Unstructured Lumigraph
2. GeneralGeom SFS + _ e e

Reflectance fitting (+Vievdep
texture)

3. Complex Light: Dynamic
Texture /Lumigraph o

4. Challenge for Computer s
Vision | err (var) temple house eleph. wreath
Static | 10.8(1.5) | I1.8(1.2) | 19.0(1.49) | 28.4(2.8)
VDTM | 8.3(1.9) 9.8(1.3) | 10.1(1.9) | 21.4(3.5)
Lumigr | 10.8(2.5) 9.8(1.2) 5.9(0.7) | 14.3(1.3)
DynTex | 7.3(1.0) 9.4(1.0) 6.6(0.7) | 13.4(1.2)

Table 1. Numerical texture errors and variance. %-scale.

VariationalShape and o b / \/ ™

Residual
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~ Examp le of render dlfferences

« Jade Elephant

— Complex Reflectancespecularitiesand scattering)
Input Statlc ViewDep _Lumigr _ DynTex

Specular highlight
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ng with adyntexmodel + AR

o Yoo T

Successul 05
Border Lost:2 Orient Lost:0
Thresh 128

N\

Il ocle=F attert

aEner s 0Tt (5 ub- Pl t‘
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) norrigid animatablemodels

L e i

Input Sequences

Images, Static

Static Geometry
Initial Appearance

P on:Pata

Multi-View Tracking ' I
and Dense [}

I Geometry Recovery

' . Final Model:
Geometry/Appearance
R Subspaces and
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For better movies see:
http://webdocs.cs.ualberta.ca/~birkbeck/phd/

L 3




Questions?

N lQre JfJfOffﬂcl[JDﬂ

o NN s R >
Bje nloada@eréndé?gmo Is

WWW csualbertaca/ s/|




CAMERA-BASED

3D CAPTURE
SYSTEM

sMore paperswww.csualbertaca/~jag




