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Abstract

This document briefly explains the geometry of full-view
panorama image we used in [7].

Here, we describe how to reconstruct the rough 3D
model for each single spherical image. As in [2, 4, 1],
we assume that a scene is composed of a number of ob-
jects standing on a ground plane (dubbed standing objects),
with the objects represented as piecewise-connected planes
oriented orthogonally to the ground plane. To obtain the
ground line for each spherical image, we ask people to la-
bel the ground plane polygon using LabelMe [4].

As shown in Figure 1(a), let’s denote the resolution of
the spherical image to be W × H pixels and represent the
panorama in Equirectangular projection [6, 5]. Because the
spherical images covers 360 degree field of view horizon-
tally and 180 degree field of view vertically, we can know
that W = 2H , and the focal length is W/2π pixels. For
spherical projection images, because of the full coverage of
field of view, people normally put the camera in a position
that the top of the projection sphere is pointing to the sky.
Therefore, we can safely assume that the horizontal van-
ishing line of the ground plane is at 0 height of the image
coordinate [−W2 , W2 ]× [−H2 , H2 ]. As in [1, 3, 4], we further
assume that the camera is at the height of ch = 1.7 meter
away from the ground plane.

With these conditions, the geometry transformatioin for
3D reconstruction becomes very straightforward and ele-
gant. For a 3D point P = (X,Y, Z) on the ground plane
with image coordinate (x, y), we have Y = 0 since it is
on the ground. And θx = 2πx/W , θy = πy/H . From
Figure 1(b), we can see r = ch| cot θy|. Finally, from
Figure 1(c), we can see that X = r cos(−θx + π

2 ) and
Z = r sin(−θx+ π

2 ). For a 3D point P′ = (X ′, Y ′, Z ′) not
on the ground plane with image coordinate (x, y′), which
is assumed to be on a dubbed standing billboard plane, we
first find out a point P = (X,Y, Z) on the ground plan
with same x image coordinate, then we have X ′ = X ,
Z ′ = Z, and r′ = r = ch| cot θy|. The only differ-
ence is Y ′ 6= Y = 0. From Figure 1(b), we can see that
Y ′ = ch + r tan θy′ .
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(a) Spherical Image Plane.
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(b) Slice of 3D to calculate r and
Y .
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(c) X and Z are calculated from r and
θx.

Figure 1. Geometry derivation for 3D reconstruciton of spherical
image using ground line.
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