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1 Assumptions

1. Focal length f and image plane center (up, Vo) in pixelsare known.

2. CameralocationsR€, TC intheworld coordinate system are previously reconstructed
by the minimization algorithm.

3. Thearchisinitialy created as abox which parent and relation are specified. Then, its
widht, depth, and height are reconstructed by the minimization algorithm.

4. We know image pointslike (x;,y;) that lie on the arch contour in the image plane.

2 Derivation

First theimage measurement (x;, y; ) isconvertedinto cameracoordinatesp; =[ x 'y —1 17
where

(X = X —Uo)

= =

Yy = ¥i—Ww) (1)

Now pp; isaray from the camera's COP passing through (x;, ;). Thisray intersectsthe
face of the arch box where the arch begins at point pgp; -

Tofindthisintersection, i.e. the value of p, we useapoint P on the face (the middle of
the bottom edge) with world coordinates pY¥ and camera coordinates p§ = R (p¥ — TC),
and the face normal n. The point pgp; lieson theface, therefore, its distance from the face:

[Mopi —PS]T(RN) = 0 2
which gives: e
_ [Pl (R¥n)
o= prRen) )
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Figure 1: Geometry and notation

We need to rotate the vector (pop; — p$) back into world coordinates to obtain the de-
sired vector r:

r = R~ (popi — pS) (4)

The algorithm uses the projectionsr and h of this vector onto the bottom edge and the
middle axis of the face to automatically generate the arch surface.
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1.2.3 Results

Fig. 1.3 shows the results of reconstructing a 3-D model of the Arc de Triomphe

using the new arch recovery tools.

(c) (d)

Figure 1.3: Model of the Arc de Triomphe demonstrating the new arch recovery capabilities
of Fagade. (a) One of three photographs used to reconstruct the Arc de Triomphe, with
marked features indicated. (b) Reconstructed model edges projected into the original pho-
tograph. (¢) Recovered model of the Arc de Triomphe. (d) Another view of the recovered
3-D model.
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1 Assumptions

1. Focadl length f and image plane center (ug, V) in pixelsare known.

2. CameralocationsR€, TC intheworld coordinate system are previously reconstructed
by the minimization algorithm. The camera coordinate system is aligned with the
world coordinate system. From now on all vectorswill be in world coordinates.

3. The SOR central axisisknown, i.e. we know a point on the axis py, (usually the base
point) and the axis directionm (usually [ 0 1 0]7).

4. Weknow image pointslike(x;, y;) that lie on the occluding contour intheimage plane.

2 Derivation

First theimage measurement (x;, y; ) isconvertedinto cameracoordinatesp; =[ x 'y —1 17
where

(X = X —uUo)

(1)

=l =

y = VYi—Vo)

We want find the minimum distance between the rays pp +Am and pp;. Exploiting the fact
that the minimum distance vector

do = (HoPi — Pp —Aom) (2

must be perpendicular to each ray, conveniently, our task boilsdown to solving thefollowing
simultaneous equationswith respect to Ag and .

Hopi'dg = O (3
Aom'dyg = O (4)

Excluding the trivial solutions Ag = 0 and g = 0 and substituting (1) into (2) and (3) we
get
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Figure 1: Geometry and notation

Alp—-Cho = B
CHO_E)\O =D
where
A = pi'p
B = pi'po
C = p'm
D = m'p
E = mm
Further using (4) we obtain
_ B+CAg
Ho=—4
which could be substituted in (5) to yield
A _ BC-AD
07 AE—C2
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Now knowing Ag and L, theradiusR of acircular cross section offset by H = Agm from
pp(usually on the base plane) can be expressed by

R=4/do"dg (14)

The agorithm uses the quantities H and R to automatically generate the surface of rev-
olution.
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Figure 1.5: Model of the majestic Taj Mahal created with the new surface of revolution
and arch reconstruction tools. (a) A single low-resolution photograph of the Taj Mahal
obtained from the Internet, with marked features shown. (b) Reconstructed model edges
projected onto the original photograph. (c¢) 3-D model of the Taj Mahal, complete with
domes and minarets, recovered from the single photograph in less than an hour of modeling
time. (d) Another view of the recovered 3-D model.



