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Figure 1: Initial photograph (a) and 4 user-specified points (red and white on edges). The final (target) pose (b) with four corresponding
points displaced by the user. Views from successive frames (c) through (g) of a camera motion computed by CaMor.

Abstract
CaMor is a tool for generating an animation from a single drawing or photograph that represents a partial view of a perspective
projection of a planar shape or image that contains portions of only 3 edges of an unknown rectangle. The user identifies these
portions and indicates where the corresponding lines should be at the end of the animation. CaMor produces a non-affine
animation of the entire plane by combining (1) a new rectification procedure that identifies the orientation in 3D of a rectangle
from the partial image of its perspective projection, (2) a depth adjustment that ensures that the two rectified rectangles are
congruent in 3D, (3) a screw motion that interpolates in 3D between the two congruent shapes, and (4) at each frame, a
perspective projection of a user-selected portion of the original image. The animation may be modified interactively by adjusting
the final positions of the lines or the focal length. We suggest applications to the animation of hand-drawn scenes, to the morph
between two photographs, and to the intuitive design of camera motions for indoor and street scenes.

Categories and Subject Descriptors (according to ACM CCS): I.3.7 [Computer Graphics]: Three-Dimensional Graphics and
Realism—Animation, I.4.1 [Image Processing and Computer Vision]: I.4.8 Scene Analysis—Motion

1. Introduction

The objective of this work is to support the automatic generation of
animations of the perspective projection of a rigid planar shape or
image, M. The animation should appear as a natural 3D motion.

The inputs to our system, which we called CaMor (short for
Camera Morph), are: (1) a subset, P, of a photograph or drawing
that represents the perspective projection of a planar, but rigid, fea-
ture or image (such as a building façade), M, (2) a set of three initial
lines, I1, I2, and I3, in the image, each containing the perspective
projection of an edge of an unknown rectangle, Rect, on M at the
initial pose, and (3) the corresponding set of three target (i.e., final)
lines, T1, T2, and T3, each containing the perspective projection of
the corresponding edge of Rect at the final pose of M. These lines

may be extracted automatically through image processing or spec-
ified interactively by the user.

Options for interactive specification of initial lines include:

4 points: Point A on the first edge, B at the corner where first and
second edge join, C where second and third edge join, and D
further along the third edge (Fig. 1a).

2 points and 2 tangents: Points B and C as defined above and
vectors ~BA and ~CD (Fig. 3 bottom).

3 pairs of points: S1 and E1 along the first edge, S2 and E2 along
the second edge, and S3 and E3 along the third edge (Fig. 4).

The same options exist for specifying the target lines. The first
two options assume that two consecutive corners of Rect are visi-
ble. The last option does not. CaMor does not require that any por-
tion of the fourth edge of Rect be visible. This is useful when Rect
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Figure 2: (a) Points A′, B′, C′, D′ on the border of a rectangle,
Rect, in π with normal ~NI. B′ and C′ are two adjacent corners of
the rectangle. Their respective perspective projections are A, B, C,
and D. (b) ~NVAB is the normal to the plane through viewpoint V
and I1. That plane contains L1. Similarly for ~NVBC, and ~NVCD.

is the floor or wall of a room that cannot be captured in its entirety
in a single photograph. For simplicity, and without loss of general-
ity, we use the 4 points option when explaining the details of our
solution (Fig. 2a). It can be computed from either of the other two
options.

CaMor assumes that P is a portion of the perspective projection
of a planar image or shape, M, that lies in some unknown plane
π in 3D and that there are 3 lines, L1, L2, and L3, in π, such that:
(1) Li projects onto Ii, for i ∈ {1,2,3}, (2) L2 is orthogonal to both
L1 and L3, (3) there exists a rigid body transformation R such that
R(Li) projects onto Ti, for i ∈ {1,2,3}. We want to compute π.

CaMor computes the orientation (normal ~NI) of π in 3D from I1,
I2, I3, and from a given value of the focal length f of the camera or
perspective projection of the drawing. It then computes the rectified
image M in 3D of P (that is produced by applying the inverse of the
perspective projection assumed to have produced P).

Similarly, CaMor computes the orientation ~NP=R(~NI) of R(π)
from T1, T2, and T3. Then it computes a relative displacement in
depth (i.e., along the viewing direction) that matches the length of
the edge, E of Rect that projects onto edge (B,C) to the length of
R(E). Then, CaMor computes the rigid body transformation R.

Finally, CaMor computes the interpolating screw motion, Rt,
such that R0 is the identity and R1 is R. For each time value t in
[0, 1], it produces a new frame of M in 3D and projects the desired
subset onto the canvas. Note that the portion of M selected by the
user does not need to be inside the rectangle.

The output produced by CaMor is either a 2D animation or a
discrete set of image frames from that animation. Each image is the
perspective projection of the image portion, P, that lies on an in-
stance of M at a specific position and orientation along a 3D screw
motion computed by CaMor (see Fig. 1c–g). It is parametrized by
the focal length f , which either is precisely defined by the camera
used or can be set by the artist.

Anticipated applications include: (1) animating a drawing of a
planar portion of a 3D scene, (2) designing a natural camera motion
in 3D, and (3) constructing natural morphs between photographs.

Figure 3: Color-coded initial points (left), corresponding targets
(right), and 3 intermediate frames, for (top-to-bottom) a transla-
tion, a rotation, a logarithmic spiral, a SAM, a LERP, and CaMor,
defined using the 2 point and 2 tangents option (cyan arrows).

2. Prior Work

Techniques for computing the motion of an image from initial and
target point-pairs include: (1) translation specified by one pair of
points (initial point and its target), (2) rotation specified by such a
pair of points and a pair of (initial and target) directions, (3) log-
arithmic spiral specified by two pairs of points [WNS∗10], (4)
SAM (Steady Affine Morph) [RV11] specified by three pairs of
points, and (5) a vertex LERP specified by four pairs of points
and combined with a non-affine bi-linear map. Examples of these
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solutions are shown in Fig. 3. None of these produces a realistic
perspective projection of the 3D animations of a rigid motion. The
CaMor solution, proposed here and shown at the bottom of Fig. 3,
does.

CaMor does not require registration, arbitrary decompositions
of matrices, or other optimization processes, that are used in more
general solutions [XRS02]. Prior morphing techniques described
in [BN92] and [CW93] provide 3D visual effects, while using only
2D transformations. The technique described in [SD96] assumes
vertical alignment of two views. [TE99] use corresponding loops
in two images to morph their interiors via compatible triangula-
tion and texture mapping. In Tour Into the Picture, [HAA97] gen-
erate animations from a single photograph, but their approach can
handle only images with one vanishing point, and is therefore not
suitable for more general perspective views of rectangles. [ZwH04]
show how to compute the camera parameters (focal length, aspect
ratio, and rigid transformation) from the perspective image of an
unknown rectangle, but require that the entire rectangle or at least
2 points on each edge be visible. Variations of the technique de-
scribed in [ZwH04] that require that the focal length be known
were proposed in [Har89] and [TSB95]. A generalization of the
technique in [Har89] that can recover the orientation of any arbi-
trary quadrilateral is presented in [Pen91]. However it is required
for the dimensions of the quadrilateral to be known in advance.
[WSB05] use parallelepipeds to discover the focal length and ori-
entation and position of surfaces, and to create 3D models from a
single image. An interactive technique is discussed in [CZS∗13]
to recover the orientation of a square given the perspective pro-
jection of two of its edges. The computation of the 3D orientation
of a circle from its projection is discussed in [Phi97]. [GMMB00]
and [CRZ00] extract 3D information from a scene using two dis-
tinct vanishing points without knowledge of the focal length. As
noted in [TSB95] and [WNR88], vanishing point methods can be-
come unstable when recovering the orientation of planes that are
nearly parallel to the image surface, but work well in street views,
as demonstrated in [DLN07].

The CaMor solution to rectification presented here is different
from the above solutions and has two advantages: (1) it uses a pre-
viously unknown, yet simple and elegant, closed-form solution and
(2) it requires only the identification of lines that contain the pro-
jections of 3 edges of a rectangle. Hence, CaMor is useful when we
are only given two perspective images (with the same field of view)
of the same rectangle where only 3 of the four edges have a visible
portion in each image.

Its main drawback (that the focal length must be known) is ac-
ceptable in applications where the focal length is fixed (as in a cell
phone), when it is dictated by the viewing configuration (relative
distance between the viewer and the screen), or when the artist
wishes to control it.

3. Rectification

We are given screen locations A, B, C, and D and focal length f .
We assume the notation shown in Fig. 3.

We compute the normal ~NI of π, in the camera frame with origin
at the center O of the image plane and view point V = (0,0,− f ).

The details of the computation are presented below.

~NVAB = ~VB× ~VA, ~NVBC = ~VC× ~VB, ~NVCD = ~VD× ~VC. (1)

The key observation is that edges (A′,B′) and (D′,C′) of the un-
known 3D rectangle are parallel to vector

~T1 = ~NVAB×~NVCD, (2)

because ~NVAB and ~NVCD are orthogonal to these edges, regardless
of the position of V. Edge (A′,B′) is parallel to

~T2 =~T1×~NVBC (3)

because it is orthogonal to ~T1 and to ~NVBC. Hence,

~NI =~T1×~T2 (4)

Note that this formulation does not work for the singular cases
where O, B and C are collinear. In this case, ~NVBC is parallel to
~T1. As a result, ~T2 and therefore also ~NI are null.

Our solution simplifies when A and D are the vertices of a rect-
angle. In this case, ~NI can be computed as follows:

~NVDA = VA× ~VD
~T1 = ~NVAB×~NVCD
~T2 = ~NVBC×~NVDA
~NI = ~T2×~T1

We use corresponding expressions to compute the normal vector
~NT to R(π) from the target points. Note that, as in all of the prior
art cited above, all 3D locations recovered through rectification are
defined up to a common scale factor. We fix that scale factor here
by fixing a distance d and defining

B′ = V+dV̂B (5)

where V̂B denotes the normalized (unit) version of vector ~VB.
(Note that the choice of d is arbitrary and does not affect the re-
sulting screw motion.) Hence plane π is defined by point B′ and
normal ~NI, and similarly, plane R(π) is defined by point

F′ = V+hV̂F (6)

and normal ~NT. We use E′, F′, G′, and H′ to denote the 3D points
that project on the corresponding target points.

4. Reverse Projection

Points X′ on π satisfy ~X′B′ ·~NI = 0. Hence, the 3D location X′ of
an arbitrary point on π can be recovered from its perspective pro-
jection X by substituting F+ s ~FX for X′ in ~X′B′ ·~NI = 0. Solving
for s yields

s =
~FB
′ · ~NI

~FX · ~NI
(7)

5. Depth Adjustment

Since R is an isometry, to fix the scale factor for plane R(π), we
compute h such that | ~B′C′|= | ~F′G′|.

Hence, h is computed by solving: d| ~VC− ~VB| = h| ~VG− ~VF|.
We now use d to compute B′ using (5). We then use B′ and ~NI
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to compute s using (7). We can then compute A′, C′, and D′. We
perform similar computations with h and ~NT using (5) and (7) to
compute F′, E′, G′, and H′.

6. Screw Motion

We advocate the screw motion, because (1) it is uniquely defined
by the two frames, (2) it is affine invariant, (3) it minimizes ro-
tation angle and translation distance, (4) it is symmetric (Swap-
ping the two frames yields the same motion backwards), and it
feels natural. We define the initial pose {O0, Î0, Ĵ0,K̂0} on π with
O0 = B′, Î0 = ˆB′C′, K̂0 = N̂I, and Ĵ0 = K̂0 × Î0. Similarly, we
define the target pose {O1, Î1, Ĵ1, K̂1} for R(π). We compute and
animate the minimal screw motion using the simple formulae pro-
vided in [RK01]. The pose {Ot , Ît , Ĵt , K̂t} at time t is Rt ( {O0, Î0,
Ĵ0, K̂0} ).

7. Animation

To animate a vector drawing or geometric model, we animate each
vertex X and redraw the model at each frame. To do so, we compute
X′ as explained in Section 4, produce X′t = Rt(X′), and compute
the current location Xt on the screen through perspective projec-
tion. To animate an image, we rely on the artist to draw a polygonal
contour around the desired portion of the image on the screen and
we record the screen locations (xi,yi) of its vertices Xi as texture
coordinates (ui,vi). Then, we animate the points Xi as explained
in the previous paragraph, but render the intermediate frames us-
ing a user-specified portion of the original image as texture map.
Fig. 4 illustrates an animation produced by CaMor using two input
photographs and six pairs of input points (initial and target).

Figure 4: CaMor animation from two images. Top: The user inputs
6 points in each image to define the initial (left) and target (right)
poses. Bottom: Frames from the resulting animation.

8. Applications

We discuss 3 potential applications for CaMor. Its advantage over
prior art is limited to situations where one of the edges of the rect-
angle is entirely hidden in the photographs or drawings. CaMor
demonstrates that a physically plausible, 3D camera motion may
be derived from two partial images and used to produce a natural
and pleasing interpolation

An animator or architect may wish to create an animation that
suggests a 3D motion of a planar shape or image that has been
drawn by hand (in a perspective view) or cut out from a photograph.
CaMor facilitates the process. The artist defines the input edges

Figure 5: Generating 3 different motions from a single photograph.
The original photograph is shown at the top. The user specifies
the initial pose using six points (2 per edge). Each target pose is
defined by six corresponding points. Left: The animation for a focal
length f = 4.6mm. Center: The animation for the same target pose
as before, but using f = 3.2mm. Right: The animation using f =
4.6mm, but with the target points slightly displaced.

(using 4 or 6 points as discussed in Section 1) and simply displaces
these points to new (target) locations. The animation may be tuned
by adjusting the target points or the focal length f . Fig. 5 shows the
process on a photograph of a designer carpet.

It is often difficult to design pleasing camera motions from two-
dimensional references such as photographs or drawings. CaMor
allows the artist to easily explore a variety of natural camera mo-
tions. The user simply clicks and drags the locations of the target
points. Further, the user can vary the focal length f to produce more
dramatic effects.

An interesting variant of this approach is when the user has
two photographs of a scene, each showing a different portion of
the same planar shape or image, but from a different perspective
(Fig. 6). We can combine the forward morph produced by CaMor
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as explained above with the time reversed backward morph form
the final to the initial configurations. A cross-fade of the two tex-
tures may be used to provide higher resolution in places where the
two textures overlap. This solution works because a screw motion
equals the time reverse of its inverse. Furthermore, when a portion
of the moving image or planar is not visible in the initial photo-
graph, it may be visible in the final one and vice versa.

Figure 6: Cross-fading a forward (left-to-right) CaMor animation
between two images with its inverse.

9. Accuracy of results

We explored how errors in the graphically selected locations of the
input points alter the animation. To simplify sensitivity analysis, we
performed the following experiment: (1) we start with the vertices
A′, B′, C′ and D′ of a known rectangle in 3D, (2) we compute their
perspective projections, A, B, C, and D, (3) we perturb the location
of these projections using a displacement of a controlled magnitude
but a random direction, (4) we perform the rectification, and (5) we
report the error as the angle between the normal vectors of the orig-
inal and rectified planes. To allow this comparison, we adjust the
depth of the rectified points so as to match the actual distance from
F to A′ in the input model. We run this test on 9 configurations with
different orientations. We chose edge lengths of about 500 pixels.
For each configuration, we repeated the test 500 times, each time
with a randomly generated set of various perturbations measured in
pixels.

The results are reported in Fig. 7 for cases where edge (A′, B′)
has half the length of (C′, D′) and for cases with the same orienta-
tions but where edge (A′, B′) has the same length as (C′, D′). The
rectified normal was computed using the steps from Section 3.

10. Conclusion

CaMor computes a 3D animation of a planar rectangle or image
from an input picture of its perspective projection and from 3 pairs
of edges drawn on the screen. Each edge in a pair traces a portion
of the initial and final perspective projections of one edge of the
rectangle. Our solution is novel and improves over prior art by its
simplicity, numeric robustness, and by the fact that one of the edges
of the rectangle may be totally hidden in the input picture. We dis-
cuss applications to 3D animation, camera motion planning, and
virtual fly through in architectural design.

Figure 7: The average angle between the actual normal and the
normal computed using randomly perturbed perspective projection
points for different ratios between the lengths of two of the sides of
the reference object.
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