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Abstract

In this paper, we address the problem of detecting faces
and straight lines in a scene represented by an equirectan-
gular image, i.e., a spherical image of the 360 degree lon-
gitude/180 degree latitude field of view.

The main difficulty of these problems is that straight lines
in the scene usually appear curved in the equirectangular
images and faces may appear too distorted. Thus, standard
detectors for lines and faces can not be used directly in this
context.

The solutions we present in this paper use projections
of the equirectangular image where these features are well
preserved. To detect faces, we use the Mercator projection,
which preserves shape and orientation of the faces. To de-
tect lines, we use perspective projections, which preserve
straight lines. To deal with the whole equirectangular im-
age, six different projections are used, one for each face of
the bounding cube. After some processing steps are applied
to the Mercator and perspective projections, the standard
detectors are applied and the detected features are mapped
back to the equirectangular image.

1. Introduction

Panoramic images have been theme of intense research
in the last years. Development of computational photogra-
phy techniques such as stitching and blending (for instance,
see [7] and [3]) made possible even for amateur photogra-
phers to create images of really wide fields of view.

A well known format for wide-angle images is the
equirectangular one. These images are constructed us-
ing the visible information from a fixed viewpoint towards
all directions of the unit sphere and the usual longi-
tude/latitude parametrization of the sphere, as illustrated in
figure 1.

Figure 1. “Kitahiroshima Station”, by Flickr
user Vitorid. One may see that many lines in
the scene are curved and regions on top and
bottom of the image are distorted.

The equirectangular images have become very popular
on the internet and they can be easily found in sites such as
Flickr ([1]).

Also, equirectangular images are input data for many
methods that create less distorted panoramic images. Car-
roll et al. [4] use the information about lines and faces on
the equirectangular images to control the distortions in these
regions. The paper presents an automatic method to detect
faces in the image but the straight lines are marked by the
user himself. The line selection in some images may not
be simple and the overall process can be tedious. This pa-
per presents an extension of the ideas proposed in Carroll et
al. [4] to automate the feature selection process.

Next section reviews equirectangular image concepts
and definitions to establish notation. It also revisits classical
sphere projections that are important for the development
of our methods. In section 3, we show the methods we de-
veloped to detect faces and lines and in section 4 we show
the results. We finish with some concluding remarks and fu-
ture work.



2. Equirectangular images

A good representation for a scene seen from a fixed
viewpoint is the viewing sphere: it is the unit sphere where
each point (that corresponds to a direction) has an associ-
ated color, the color that is seen when one looks towards
this direction.

A very well known representation of the sphere is the
longitude/latitude representation, that corresponds the unit
sphere with the rectangular domain [−π, π]× [−π2 ,

π
2 ]. We

denote this representation by r:

r : [−π, π]× [−π2 ,
π
2 ] → S2

(λ, φ) 7→ (cos(λ) cos(φ),
sin(λ) cos(φ), sin(φ))

With this representation, we can associate the color infor-
mation of the sphere to a rectangular domain and create an
image, which is the equirectangular image corresponding to
the scene (figure 1).

Modeling the visible information as a sphere gives us
the possibility of obtaining panoramic images using func-
tions (projections) from the unit sphere to the image plane.
In fact, there are many known projections, such as the per-
spective, the stereographic and the Mercator projections.
For a review of the properties of these projections, we sug-
gest Sacht [6].

The projections we use in this paper are the Merac-
tor projection and the perspective projection. The Merca-
tor projection is defined by the following formula:

M : [−π, π)×
(
−π2 ,

π
2

)
→ R2

(λ, φ) 7→ (λ, log(sec(φ) + tan(φ)))

M has the important property of locally preserving shapes
of objects, since it is conformal (see [4]). This is the main
reason why we use it to detect faces. On the other hand,
many lines in the scene appear bent on the Mercator im-
age. An example of image obtained with the Mercator pro-
jection is shown in figure 2.

The perspective projection is also well known. It is de-
fined by the following formula:

P :
(
−π2 ,

π
2

)
×
(
−π2 ,

π
2

)
→ R2

(λ, φ) 7→
(
tan(λ), tan(φ)

cos(λ)

)
P preserves straight lines, i.e., straight lines in the scene are
mapped to straight lines in the final image. The disadvan-
tages of this projection is that it stretches objects too much
for FOVs wider than 90 degrees and it is not even defined
for FOVs wider than 180 degree longitude. We show in fig-
ure 3 images generated by the perspective projection.

Figure 2. An example of Mercator image.
FOV: 360 degree longitude/150 degree lati-
tude.

Figure 3. Perspective images for different
FOVs. Left: 90/90. Right: 120/120.

3. Feature detection in equirectangular im-
ages

In this section, we explain the methods we developed to
detect features in equirectangular images. First we show the
method we developed to detect faces and then we explain
the method we developed to detect straight lines.

The results of both methods are presented in section 4.

3.1. Face detection in equirectangular images

In this section, we describe the method we used to detect
faces in equirectangular images.

A naive solution for this problem would be to apply
some standard face detector (the one proposed in Viola et
al. [10], for example) directly on the equirectangular im-



age. This naive solution would work well in many cases,
but due to the strong distortions that the representation r in-
troduce, specially near the poles of the sphere, some faces
would not be detected (see figure 4).

Figure 4. The face in the bottom of the image
is too distorted to be detected by a standard
face detector.

The solution we adopt to avoid this problem is to detect
faces on the Mercator projection of the equirectangular im-
age (projection M defined in section 2), since this projec-
tion preserves shapes and orientation of the faces.

3.1.1. Method Our method consists of the follow-
ing steps:

• Obtain the Mercator Image: Convert the image coor-
dinate system to the longitude/latitude coordinate sys-
tem and apply the projection M .

• Process the Mercator image: This step is necessary
to apply the face detector. We convert the Mercator im-
age to gray scale and equalize its histogram.

• Detect faces in the Mercator image: Apply some
standard face detector to the Mercator image. We used
the one proposed by Viola et al. [10].

• Map the faces back to the equirectangular domain:
Map the coordinates of the center and the corners of
the detected faces to the equirectangular domain, using
the inverse projection M−1.

3.1.2. Implementation Details All the steps of our
method are simple to implement, except for the third one.

In order to detect faces in the Mercator image, we used
OpenCV’s implementation of the face detector proposed
by Viola et al. [10]. This implementation is described in
Szeliski et al. [2]. The cascade classifier we used is the one
to detects frontal faces. The scale factor parameter, which
corresponds to the scale applied to the detector to detect
faces of different sizes, was 1.05. The minimum number of

neighbors parameter, which stands for the minimum num-
ber of neighbor windows that has to be detected to a win-
dow be reported as a face, was 4. Finally, the minimum win-
dow size for face detection was 1.

3.2. Line detection in equirectangular images

As one can see in figure 1, straight lines in the scene ap-
pear curved in equirectangular images. Hence, using a stan-
dard method to detect lines, such as the Hough transform
(see [2]), would not work in this case. An alternative would
be to use a modification of this transform to detect curves
with more general shapes.

We propose to use the perspective projection presented in
section 2. Straight lines in the scene appear straight in the
perspective images. This observation allows us to use the
standard Hough transform, which is better developed than
modified transforms to detect more general curves.

Since the perspective projection covers only a limited
field of view, we project the viewing sphere to six differ-
ent perspective images. One of them is obtained using the
projection P , defined in section 2, and the others are ob-
tained using simple modifications of it. We then filter each
perspective image to remove highly textured regions, where
false lines are usually detected. Next, we obtain binary edge
images for each perspective and process it do discard points
that are not likely to belong to a relevant line. Finally, we
apply the Hough transform to each of the resulting images
and map the detected lines back to the equirectangular do-
main.

3.2.1. Method We show in figure 5 the image that we will
use to explain our method.

Figure 5. Equirectangular image used to ex-
plain the method.

The first step of our method is to obtain perspective im-
ages in a way that the union of them represent the entire
viewing sphere. We used six projections that are obtained



projecting the viewing sphere onto the unit cube. Each im-
age will then represent a face of this cube. We show in fig-
ure 6 these images for our example.

Figure 6. The six perspective images may be
thought as faces of a cube.

The next step is to apply the bilateral filter ([9], [5]) to
the images obtained in the previous one. This preprocessing
step is necessary to eliminate highly textured and noisy re-
gions of the images, since many false straight lines can be
found in these regions.

For each pixel p, the bilateral filtered image is defined by

[BF (I)]p =
1
kp

∑
q∈Ω

IqGσs
(‖ p− q ‖)Gσr

(‖ Ip − Iq ‖),

where Gσs(‖ p− q ‖) is a gaussian function that considers
differences between pixel positions and Gσr

(‖ Ip − Iq ‖)
is a gaussian function that considers differences between
pixel intensities. The parameters σs and σr are input of our
method. The formula above shows us that the bilateral fil-
ter only blurs pixels that are close but also have similar col-
ors, i.e., the strongest edges remain after the filtering pro-
cess. In our method, we apply six times the filter on each
perspective image. The results are show in figure 7.

The third step of our method is to obtain an edge im-
age where the Hough transform will be applied to detect the
lines. For this task, we used the Canny edge detector (for
details, see [2]) which depends on parameters that are in-
put for our method. The result of this step is shown in figure
8.

Using the images in figure 8 would still lead to detecting
false straight lines. The Hough transform would count too
many votes coming from some regions and report nonexist-
ing lines as lines.

Figure 7. Images after bilateral filtering with
σs = 15 and σr = 31. Only two of the six re-
sults are shown.

Figure 8. Edge images obtained using the
Canny detector.

In order to avoid this problem, we implemented the so-
lution proposed in Szenberg [8]: we split each edge image
into small cells and make a local analysis to determine if
there is some predominant direction in each cell. This local
analysis is made by calculating the quotient of the eigenval-
ues of a 2-by2 matrix (see the reference), and determining
if it is greater than some threshold. If it is not, then there is
no predominant direction in this cell (the points are spread
in many directions) and the the cell is discarded.

We show in figure 9 the results after discarding cells. The
cell size and the threshold τ are input of our method.

Finally, the Hough transform is applied to the images
shown in figure 9. We used a variation of it that returns the
endpoints of the detected lines (for details, see [2]). This
variation depends on parameters that are also input for our
method.

For each detected line in each one of the six perspec-
tive images, we use the correspondent inverse projection to
map its endpoints to the equirectangular domain. Then, the
curve corresponding to the detected line is plotted on the



Figure 9. Images obtained after discarding
cells. τ = 1.5 and cell size is 5 pixels.

equirectangular image. We show the final result for the ex-
ample explained in this section in figure 12.

3.2.2. Implementations details We implemented func-
tions to calculate the perspective projections and their
inverses and to perform the cell discarding step.

We also used OpenCV’s implementation of the Canny
edge detector, of the bilateral filter and of the Hough trans-
form.

The parameters that were mentioned when we described
the method are passed by the user in the command line.

4. Results

The method we explained to detect faces works well, as
one can see in figures 10 and 11. The results were produced
with a fixed set of parameters that was presented in section
3.1.2.

Figure 10. All faces correctly detected, one
false positive detection.

In figures 12, 13 and 14, we show results of our method
to detect straight lines with the total number of detected line
segments.

Figure 11. Seven faces correctly detected,
one face not detected and two false positive
detections.

Figure 12. 110 line segments detected.

Figure 13. 226 line segments detected.

As one can observe, there are lines in the scene that were
not detected. This fact shows that the method still has to be
improved. Nevertheless the results obtained by our method
could be used as an initial approximation for the solution.
For example, in Carroll et al. [4] the user has to mark all im-
portant straight lines in the scene. Using our result as a pre-
processing step, the user could only mark the missing lines.



Figure 14. 161 line segments detected.

5. Conclusion and future work

In this work, we presented methods to detect faces and
straight lines in equirectangular images. The key idea for
both methods was to use appropriate projections that pre-
serves these features. The same idea could be used for de-
tecting other kinds of features.

As future work, for the line detection method, we intend
to integrate the line segments detected in adjacent perspec-
tive images. For example, if a segment is long, it may be
split into two or more pieces when projected to the cube.
Since the process is independent for each perspective, this
segment is reported as two or more segments.

Also, we intend to determine a good set of parameters or
to decide which of the parameters is the most important and
intuitive for the user to specify. We would let this parameter
as input and fix all the others.
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