Topicos Especiais em Computacao
Image-Based Modeling, Rendering and Lighting

3-D Image Warping
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3-D Image Warping ewilan - Bishop 95]

» Maps images with depth onto arbitrary image planes

» Scene geometry implicitly represented by a pinhole
camera and per pixel depth
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3-D Image Warping ewian - Bishop 95]

CS + ts\7s =X
X \75 =Cs + Psx@s + psyﬁs

Cs +15(Cs + Ps@s + pwﬁs) =X

3-D Image Warping (Cont.)

* What we need to know
— Camera parameters
» Position (C,)
« Orientation, focal distance, horizontal and vertical FOVs (M)
— Per pixel depth (t,)
X

C,+t,M p, =X

HéH _ width of the projection planein 3D
number of columnsin theimage

bl = height of the projection planein 3D
number of rowsintheimage
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3-D Image Warping (Cont.)

» Produces correct 3-D reprojections from arbitrary views

» Compute the projections onto arbitrary image planes by
solving

Ct+ttMtpt=Cs+tsMsps X

source image target image
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3-D Warping Equation

C‘:t +ttMtpt =C':s"'tsMsps

P =M (Cs - Cp) +t;Mpy)

ptngl(CS_Ct)§S+ M;IMSpS
\_—W——J \—V——J
epipole planar pespectiveproj
o, = 1/t is called the generalized disparity of pixel p

» 3-D image warping is equivalent to a texture mapping
operation followed by a per pixel shift proportional to 6,
in the direction of the epipole

» Generalizes conventional texture mapping
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3-D Warping Equation (Cont.)

P; = Mt_l(cs - Ct)5s + I\/It_llvI sPs
(R

epipole planar pespectiveproj
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3-D Warping Equation (Cont.)

B+ (B x €U + by - (B X E)Vs + G- (B x &) + (Cs = C) - (B X §) (U, Vs)
85 (3 xBy)Us + s - (@ x B)Vs + Cs (@ xBY) +(Cs = C1) - (@ xB)5(Us,Vs)

Ut=

v =
I = W Us + WioVs + Wi3 + Wi45 (Ug, Vs) w;: recomputed as the target
camera parameters change

= WagUs + WapVs + Wag + Was 5 (Us, Vs)
£ = Wagllg + WagV + Wag + Ward (U Vo) Sub-expressions of r, s and t
= Wagls + WapVs + Wa3 + Wa40{Us, Vs can be updated incrementally
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Disocclusion Artifacts

» Exposures of areas not visible in the original image
introduce artifacts

» Need samples from other images to fill the holes
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Occlusion-Compatible Order

 List priority algorithm for solving visibility

desired image

Ci

Copyright © Manuel M. Oliveira




Occlusion-Compatible Order cont)

Epipole: projection one center of projection onto the
image plane of the other camera

epipole

epipole Ct
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Occlusion-Compatible Order

= source image

desired image

Ci
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Occlusion-Compatible Order cont)

warping direction:
leaving the epipole

epipole

desired image

Ci
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Occlusion-Compatible Order cont)

» Algorithm summary

Find the project. of target COP onto the source image plane (epipole)
Divide source image plane into at most 4 sheets based on the epipole
If target COP is behind source COP
for each sheet
warp samples from the epipole towards the borders of the sheet
else
for each sheet

warp samples from the borders of the sheet towards the epipole
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Computing the Epipole

* Projecting C, onto the source image plane

* The coordinates of the projected point are given by

_ [exlez}
e=
e /e,

Copyright © Manuel M. Oliveira

Splitting the Source Image

* The epipole splits the source image in at most 4 sheets

Sheet 1

O
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Warping Direction

» e, negative: target COP behind source COP

Sheet 1 '\\ Shee Sheet 1
v\

Sheet 3 7| 'She Sheet 3
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Warping Direction

* e, non-negative: target COP aligned with or in front of
the source COP

Sheet Sheet 1

Sheet Sheet 3

N
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