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View Morphing

m Seitz & Dyer SIGGRAPH96

m Synthesize images in transition of two views
based on two images

® No 3D shape is required
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The Task

4
Morphﬁd View

Figure 1: View morphing between two images of an object taken
from two different viewpoints produces the illusion of physically
moving a virtual camera.

Image Morphing

m A morph is determined from two images |y and |; and
m A warp function

Wo(po,s) = (1 —s)po+ sCo(po)
Wi(ps) = (1-5)Ci(p1)+spL
m W, and W, give the displacement of each point pyUl,
and p40l4 as a function of sUJ[0; 1].
m The in-between images lg ate computed by warping the

two original images and averaging the pixel colors of the
warped images.
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Problems for image morphing

0 0oe

m Linearly interpolating two perspective views of a clock (far left
and far right) causes a geometric bending effect in the in-
between images.

® The dashed line shows the linear path of one feature during
the course of the transformation.

m This example is indicative of the types of distortions that can
arise with image morphing techniques.

Notations

Following convention, we represent image and scene quanti-
ties using homogeneous coordinates: a scene point with Euclidean
coordinates (X.Y, Z) 1s expressed by the column vector P =
XY Z 1]'{ and a Euclidean image point (z,y) by p = [z ¢ 1]'!.
We reserve the notation P and p for points expressed in Euclidean
coordinates, 1.e., whose last coordinate 1s 1. Scalar multiples of
these points will be written with a tilde, as P and p. A camera is
represented by a 3 > 4 homogencous projection matrix of the form
II = [H| — HC]. The vector C gives the Euclidean position of
the camera’s optical center and the 3 x 3 matrix H specifies the po-
sition and orientation of its image plane with respect to the world
coordinate system. The perspective projection equation is

p=1IP (3)

The term view will henceforth refer to the tuple {Z, IT) comprised
of an image and its associated projection matrix.
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Assumptions

m Two images I, and I, of the same 3D objects
m Their projection matrices 1, and I1,

m Pixel correspondences of the two images

Morphing Parallel Views

Figure 3: Morphing Parallel Views. Linear interpolation of cor-
responding pixels in parallel views with image planes Zg and I,
creates image Top,s. representing another parallel view of the same
scene.
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Parallel views

m Suppose the camera is moved from the wotld origin to
position (C,,C.,0) and the focal length changes from £, to

t,, we have
fo 0 0 0
I, = 0 fuo 0 0
0 0 1 o0
fi 0 0 —fiCx
I, = 0 fi 0 —fCy
0 0 1 0

m If p,UJly and p40l4 be projections of P=[X,Y,Z,1]T
(l—spo+spr = (1-— 3}%H0P+5%H1P
1
= ZILP
where

IL. = (1 — &)ILo + sIT,

Shape preserving

Image interpolation therefore produces a new view whose projec-
tion matrix, II;, isalinear interpolation of Iy and IT; , representing
a camera with center Cj and focal length f; given by:

C: = (sCx,sCy,0) (6)
fs = A—=s)fo+sh (7)

m So, what about non-parallel views?
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Image Reprojection

Any two views that share the same optical center are related by a
planar projective transformation. Let I and 7 be twao images with
projection matrices II = [H| —HC]and II = [H| — HC].
The projections p € I and » € Z of any scene point P are related
by the following transformation:

HH"p - HH TP
Ir

-

= P

m The 3x3 matrix HH™is a projective transformation
that reprojects the image plane of I onto that of ‘7.
m The operation of reprojection is very powerful because

it allows the gaze direction to be modified affer a
photograph is taken

Non-parallel views

Figure 4: View Morphing in Three Steps. (1) Original images Zg
and Iy are prewarped to form parallel views Foand I () 2 is
produced by morphing {interpolating) the prewarped images. ) I
is postwarped to form Zg.
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Choose the world

m Let I0 and I1 be two perspective views with projection
matrices Ia=[Ho| —HoCo] and II; = [H: | — HiCi]

m Choose the world coordinate system so that C;, and C,
lie on the world X-axis, i.e, Co = [Xa00]" and C; = [X; 00]7

B Choose the Y axis to be in the direction of the cross
product of the two image plane normals

Three-step algorithm

In between perspective views on the line CpCp may be synthe-
sized by a combination of image reprojections and mrupulatmm
depicted in Fig. 4. Given a projection matrix ITs = [Hs | —H.C.].
with Cg fixed by Eq. (6), the following sequence of operations pro-
duces an image Is corresponding to a view with projection matrix

1-.[_5::
l. Prewarp: apply projective transforms Hal to Zg and H
;. producing prewarped images Tg and I,

[

Morph: form Z; by lincarly interpolating positions and col-
B . . o Lo B

ors of corresponding points in Iy and Zy. using Eq. (4) or any

image morphing technique that approximates it

3. Postwarp: apply H; to L, vielding image T
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Discussion

m Can you see the relation of the prewarp step
and the stereo rectification that we have
learnt before?

Exceptions: Singular views

In the parallel configuration, each camera’s optical center is out of the field of view
of the other. A singular configuration arises when the optical center of camera B is
in the field of view of camera A. Because prewarping does not change the field of
view, singular views cannot be reprojected to form parallel views.




EECS 432 Lecture Notes

The procedure
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More examples

Figure % Mona Lisa View Morph. Morphed view (center) is hallway between original image (left) and it's reflection (right)
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