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Abstract—Over the past few years the interest in 3D media,
such as games and especially movies has rapidly increased. Many
home television systems in particular allow for an automatic 2D
to 3D conversion of regularly filmed material. The approaches
to offer such a functionality use either binocular cues from
several 2D images to calculate depth or are able to derive depth
information from a single image, also referred to as monocular
cues. In this paper the latter group of techniques will be treated.
Starting from existing algorithms using so-called vanishing lines
and a single vanishing point for depth assignment we will present
our own approach. In particular, we use a set of three orthogonal
vanishing points to create a purely geometrically based depth
representation, that is especially well suited for outdoor scenes
with geometric objects, such as urban scenes. While this already
allows to draw a depth gradient along two or even three directions
we have also implemented a method of capturing depth variations
at small details within the structure of buildings such as niches
or corners.

I. INTRODUCTION

3D Video has existed for quite a long time now, with first
patents as early as 1915 and early test movies introduced in
the 1920s. While it rather led a niche existence during those
early years, there is no doubt that in 2009 a global hype for 3D
technology was started by James Cameron’s movie “Avatar”
which is up to now the most successful movie of all time. Since
then, a great majority of newly released movies of various
genres have been produced natively in 3D. The huge interest
in this new kind of experience even led to a re-release of
many successful movies from the past, for example “Titanic”,
that were re-mastered and converted to 3D. This development
was not limited to the cinema, as by now abilities to display
3D material, as well as converting existing 2D content to 3D
have become standard features of modern home television
systems. The motivation behind this conversion capabilities
in particular clearly results from the fact, that content directly
produced in 3D for home entertainment is still limited to some
blockbuster productions and a small number of special sport
events. Thus, to become a key feature also from a user’s
perspective, the conversion routines that create a 3D effect
should lead to a convincing feel of depth that really enhances
the quality of the source material. As mentioned before, there
exist two groups of approaches that can be used to allow
for a 2D to 3D conversion. Techniques that use multiple
images to gain depth information from the disparity between
corresponding points or motion between frames are referred to
as binocular cues, while approaches that are able to estimate
depth from a single image use so-called monocular cues. One

well known effect for perceiving depth from a single image is
the fact that lines which are parallel in the real world—like for
example railroad tracks—converge to a single point if they are
projected onto an image plane. This fundamental phenomena
of perspective geometry was already independently described
by the German astronomer Johann Kepler (1571-1630) and the
French architect Girard Desargues (1591-1661) [1].
In section II some existing approaches using the mentioned
geometric principle of convergence of parallel lines to assign
depth values to a scene are presented. Section III then con-
centrates on the implemented approach using three orthogonal
vanishing points to create a dense depth map of a scene. In the
final chapter some results of the used algorithms are visualized
and discussed. Moreover, some difficulties are mentioned and
an outlook on possible goals for future projects is given.

II. RELATED WORK

Many approaches attempting to recreate the depth of a scene
from a single image are based on finding elements like the
aforementioned railroad tracks, which are also referred to as
vanishing lines meeting in the most distant point of an image,
the vanishing point.
The first basic step for these techniques is the detection of lines
or line segments in an image that are accumulated, for example
by storing their coordinates. In 1983 Barnard [2] proposed
the use of the Gaussian sphere to represent lines and their
common vanishing points in an image. As shown in figure
1, line segments in the image are mapped to great circles on
the Gaussian sphere which intersect in the vanishing point of
these line segments [3]. The Gaussian sphere may then be
subdivided into accumulator cells to count the number of line
segments passing through each cell and therewith obtaining
local maxima indicating dominant vanishing lines.
A different method to accumulate the line segments present in

an image is given by the Hough Transform. First an edge map
is created which is then used to detect straight line segments by
a transformation of the (x, y) coordinates of the edge pixels
into a (ρ, θ) parameter space, called Hough Space. Here ρ
is the distance of a line segment from the origin and theta
is the angle between the positive abscissa and ρ. Frequently
occurring pairs of (ρ, θ) values in the Hough Space indicate
straight lines segments in the original picture.
There are also further techniques for detecting straight line
segments as candidates for vanishing lines, one of which was
used in our approach and will be presented section III.



Figure 1. The Gaussian Sphere as an accumulator space [3]

From these line segments vanishing lines can be derived
which ideally converge into the vanishing point. Knowing the
position of the vanishing point the following step consists of
assigning depth values to the visible image area.
In [4] the vanishing point is found by intersecting the so-
called main straight line segments of the image. To find
these main straight lines the line parameters are accumulated
and those pairs of parameters whose number of occurrence
is above a certain threshold are considered as main straight
lines. This technique is very similar to the principle of the
Hough Transform mentioned above, however in [4] the slope
m and intersection with the y-axis q are used as the pair of
parameters instead of (ρ, θ). The found main straight lines
are then intersected and the vanishing point is chosen as the
location in whose vicinity most of these lines intersect. As
depicted in figure 2 two or three vanishing lines are chosen
according to their slope and define a horizontal or vertical
plane along which depth values increase in a nonlinear fashion
towards the position of the vanishing point. This principle has
also been used for our approach and will be explained in more
detail in section III.
A different technique was developed by Han and Hong [5].
First the accumulation step is done using the mentioned Hough
Transform. Then the authors make the assumption that the
vanishing point is the most distant location and that depth
values smoothly change towards it. Therefore, they use a
Gaussian distribution with the estimated vanishing point as its
mean to draw a depth gradient and obtain an initial depth map.
This result is then further refined by applying a graph-based
segmentation technique, where each of the segments defines
an object in the image. Each of these objects is assigned a
common depth value which is determined from the initial
depth map.
Besides using vanishing lines to get depth information from
a single image, another interesting concept is that of a color
based semantic algorithm, as proposed in [6]. In this approach
a first step performs an undersegmentation of a color image [7]
resulting in the dominant color segments of the image contents.

Next the image is transformed into the so-called HSI (hue-
saturation-intensity) space. This is particularly advantageous
for semantic elements like sky portions, that may show very
different colors but are well characterized by their intensity
value I. Using the information from both, RGB and HSI
colorspaces, a set of heuristically learned rules can be used
to distinguish between the following regions: “Sky”, “Farthest
Mountain”, “Far Mountain”, “Near Mountain”, “Land” and
“Other”. Finally a depth map is obtained by applying an
individual gray level to each semantic region with darker
values for distant regions, such as “Sky” and bright values
for closer regions like “Land”. This segmentation technique
can show a good indication of depth especially for outdoor
scenes and might also be used to classify input images
into “Outdoor”, “Outdoor with geometric appearance” and
“Indoor”. To distinguish between these three classes the output
which is indexed by the five semantic region mentioned above
is scanned from top to bottom. From the order of occurrence
of these semantic regions the authors of [6] draw conclusions
whether the scene is likely to show an indoor or outdoor
landscape. For example, if a sufficient amount of pixels at the
top of the image has been assigned to be part of the region
“Sky” the image is more likely to depict an outdoor scene,
while the absence of “Sky” pixels at the top would rather
suggest an indoor scene.
A different monocular cue for depth estimation which was
considered for this project is the use of blur or defocus in
an image. Namboodiri [8] presented an extensive approach
showing a similarity between a heat diffusion process and the
blur of an image. In particular, an analogy is drawn between
the reverse heat equation and a defocused image, where the
aim is to find the initial condition, that is to say the pin-hole
image that is no more blurred. By achieving this, the found
diffusion coefficient can be used to estimate a depth value for
a given image location. An ambiguity also mentioned in the
paper by Namboodiri is the fact that either the foreground or
the background might be in focus which obviously shows that
the focused regions are not necessarily closest to the camera.

III. GENERATING DEPTH MAPS FROM A SET OF
ORTHOGONAL VANISHING POINTS

As has been mentioned before, the underlying approach in
this paper attempts to create a purely geometrically based
depth map from a set of three orthogonal vanishing points,
even though a color based technique [6] has also been imple-
mented through the course of research and might be a valuable
preprocessing tool for further projects. The general idea that
was used is similar to the concept introduced in [9] meaning
that the position of a vanishing point and the vanishing lines
belonging to it shall be determined. After that vertical and
horizontal planes can be fitted in between the vanishing lines
along which a depth gradient can be drawn. A simple example
is shown in figure 2. The approach itself is organized in a set
of individual steps that shall be explained in some more detail
in the following.
As has been mentioned in section II about the Hough Trans-



Figure 2. A vanishing point is shown, defining several depth levels in between
its vanishing lines. The scheme follows [4].

form, a necessary preprocessing step to detect possible van-
ishing lines is to create a gray scale image from which an
edge map can be derived. In the next step long straight line
segments shall be extracted from this edge map. In section II
two possible techniques of finding straight line segments have
already been mentioned.
The first approach using the Gaussian sphere as an accumu-
lator space has the advantage that it can treat also so-called
infinite vanishing points—i.e. vanishing points that result if
vanishing lines in the image are truly parallel and will thus
never intersect. However, a major drawback is that a regular
quantization of the sphere in ρ and θ does not lead to cells
of equal surface. Therefore, the voting process relies on some
statistical methods or weighting factors to accommodate the
different cell sizes, which makes the accumulation step much
more difficult [10].
Alternatively, the mentioned Hough Transform can be em-
ployed to find vanishing lines. Like the Gaussian sphere it
can handle infinite vanishing points and in addition a regular
quantization of the Hough space always leads to cells of equal
size. The disadvantage of the Hough Transform is that very
often edge magnitude is used in the voting process in some
manner, for example via thresholding so that only strong edges
vote. Thus, it is very difficult to extract long, coherent, low-
contrast lines [11].
To avoid this loss of long lines of lower contrast we use
an implementation which follows the theoretical background
presented in [12]1. The first operation is to create an edge
image by using a canny edge detector and then calculate
the gradient orientation of each found edge pixel. Equation
1 shows the principle of calculating the gradient orientation
using the 1D derivatives Ix and Iy .

α = arctan(
Iy
Ix

) (1)

A histogram is used to organize edge pixels into 8 bins, where
the pixels in each bin show a similar gradient orientation, as
they are likely to form a line segment. Then a connected

1The used MATLAB function has been created by Tan H.Nguyen, Univer-
sity of Illinois at Urbana-Champaign, using an existing algorithm by Derek
Hoem, Carnegie Mellon University, 2007.

components algorithm groups pixels sharing the same bin
orientation into a vector of edge coordinates and maintains
the vector if the number of pixels is above a certain threshold.
For this paper a value of 0.025 times the length of the image
diagonal was chosen.
The line segments are then used to calculate three orthogonal
vanishing points by taking into account randomly sampled line
triplets and classifying all other line segments according to
the directions of the three chosen lines. In detail, this means
that each of the random sampled triplets is considered to be a
possible solution for the three orthogonal vanishing directions.
Then all the other found vanishing lines are assigned to the
vanishing direction that is closest to their own orientation or
they are dismissed as outliers if their orientation is different
than that of the three current candidates for the vanishing
directions. Ultimately, the line triplet resulting in the largest
number of successfully classified lines is eventually kept and
thus determines the positions of the three vanishing points,
i.e. the locations where most lines of one of the three groups
intersect [13].
With the three vanishing points available the next step is the
creation of a geometrical depth map. The algorithm that was
implemented by us for this purpose follows the line of thought
presented in [14]. In the following the basic steps to create
depth gradient planes with respect to just one of the three
found vanishing points will be briefly summarized.
The first step also pointed out in the named literature consists
of deciding the relative position of the vanishing point with
respect to the image. The result is a classification specified
as “Inside Case” if the vanishing point is positioned within
the image boundaries, or “Left Case”, “Right Case”, “Up
Case” or “Down Case” if the vanishing point lies outside any
of the image boundaries. Figure 3 shows a scheme of this
classification.
According to the case that was determined in the previous

Figure 3. Above scheme indicates the possible locations of a vanishing point
[14].

step two or three of the extracted vanishing lines are chosen
to draw between them a horizontal or vertical plane that might
approximate the geometric structure of a road or the wall
of a building. Along these planes depth will then increase
in a nonlinear fashion towards the vanishing point. A simple
example of this gradient plane generation is depicted in figure



2. To be able to choose reasonable candidates for the two or
three vanishing lines that approximate the geometry of the
scene well the initial step proposed in [14] is to divide all of
the found vanishing lines into four classes which are indicated
in figure 4. Each vanishing line is defined by a line segment

Figure 4. Scheme explaining the four classes of vanishing lines following
[14]

between the so-called origin of this vanishing line and the
vanishing point. For classes 1 and 2 the y-value of this origin
is smaller than the y-value of the vanishing point, while for
classes 3 and 4 it is larger. Also the slope of classes 2 and 4
is positive and that of classes 1 and 3 is negative. After this
classification the two or three vanishing lines for defining the
geometric depth map can be chosen. As an example Figure
5 shows a scene where the vanishing point lies outside the
left border of the image. In this case only vanishing lines of
classes 1 and 4 exist.
The algorithm will now choose the vanishing line m1 which
shows the minimum slope within class 1 and the vanishing
line m3 of class 4 whose slope is maximum among all other
lines within its class. At least two such vanishing lines always
need to be found to be able to fit in between them a horizontal
or vertical plane along which a depth gradient can be drawn. If
enough vanishing lines have been detected it is also possible to
find a third vanishing line m2 which allows for the generation
of a horizontal plane which might resemble the ground and
also a vertical plane for wall like structures in the image. Such
a third line in case of the example in figure 5 needs to have
a slope larger than a certain threshold chosen between the
slopes of m1 and m3. Suggested in [14] and also used in our
implementation is a threshold value of 0.2 for a “Left Case”. A
practical illustration of figure 5 with a horizontal and vertical
plane already inserted is shown in figure 7(b). As can be seen
a horizontal plane is defined between m2 and m3 and depth
varies from row to row, while for the vertical plane between
m1 and m2 depth changes along the columns.
Before drawing a depth gradient in a piece-wise linear fashion

it is necessary to calculate five x-positions for a vertical plane
or five y-positions in the case of a horizontal plane defining
the gray value curve depicted in figure 6(b). For example to
create a horizontal plane with a depth gradient as mentioned

along it we first need to calculate the following variables [14]

Dmin = min||y − t2
s2

− y − t3
s3
||

Dmax = max||y − t2
s2

− y − t3
s3
||

with

1 ≤ y − t2
s2

≤W 1 ≤ y − t3
s3

≤W

Here s2 and s3 are the slopes of the vanishing lines m2 and
m3 from figure 5, t2 and t3 are their intersection coordinates
with the y-axis and W is the image width. More intuitively
spoken, Dmin is the minimum distance between the two
vanishing lines m2 and m3 and Dmax is the maximum
distance. The levels between Dmin and Dmax are calculated
as follows

D1 = Dmin +
Dmax −Dmin

16

D2 = D1 +
Dmax −Dmin

8

D3 = D2 +
Dmax −Dmin

4

Figure 6(a) shows an example of two vanishing lines that
are used to draw a piece-wise linear depth gradient along the
horizontal plane in between m2 and m3. From the calculated
distances between the two vanishing lines the corresponding
y-values can be easily obtained and finally a depth gradient
according to 6(b) can be drawn. For a vertical plane a very
similar method is used. The nonlinearity of this curve can be
explained by the fact that humans are a lot more sensitive to
changes of bright gray values compared to variations of dark
gray values.
Furthermore, should the rare case occur that not even two
suitable vanishing lines can be found to create a plane in
between them our algorithm can still create a very simple
depth map that is only dependent on the (x, y) coordinates of
the vanishing point and follows a similar concept as the initial
depth map of [5] mentioned in section II.
The above explained principles so far only considered one
single vanishing point. Through the course of this research

Figure 5. An example showing the vanishing lines that determine the
geometric structure of a Left Case following [14]



(a)

(b)

Figure 6. (a) An example showing the vanishing lines that determine a
horizontal plane. From the distance values the corresponding locations on
the y-axis are determined. (b) The final piece-wise linear curve for assigning
depth values

we have developed an algorithm that enhances the depth map
generation by using two or three orthogonal vanishing points
which results in several advantages. First, by being able to
vary depth along two or even three directions the geometry
of the scene is captured in more detail and creates a more
convincing feel of depth. These improvements are clearly
shown in figures 7(a) to 7(d) which compare the first approach
using only one dominant vanishing point and the enhanced
version using the information of all three orthogonal vanishing
points. In many outdoor urban scenarios it can be seen that
two of the vanishing points are dominant in the sense that
they are positioned either within the image or outside but still
a lot closer to the image borders than the third vanishing point.
In most cases, such as figures 7(a) or 8(a), there exists one
vanishing point on the left and one on the right while the
third vanishing point is positioned very high above the upper
or below the lower image border.
Therefore, the first mechanism to be developed was to find
the transition between depth increasing towards the left side
and depth increasing towards the right side. In other words,
it is necessary to find the points closest to the camera within
the vertical planes—i.e. where the vertical planes of a “Right

(a) (b)

(c) (d)

Figure 7. (a) Original railroad scene (b) Depth map taking into account the
dominant vanishing point (Left Case) (c) Depth map taking into account two
vanishing points (Left Case and Right Case) (d) Using the information of the
third vanishing point a ground plane can be inserted also for the right image
half.

Case” and a “Left Case” should intersect. This has been
achieved by pairwise intersection of all vanishing lines from
the left vanishing point with those of the right vanishing point.
After that all outliers or intersection points outside the image
borders were dismissed and the median value of the remaining
intersection points was then chosen as the transition point. For
the example of an image with one vanishing point to the left
and the other to the right the vertical border line between the
influence of both vanishing points is thus given by the x-value
of the found transition point. The generation of vertical planes
and the assignment of depth values along them is then done
for the left and right half in the same manner as was explained
in the previous paragraphs. An important step is to assure that
the depth values from both image parts match at the transition
which is indicated by the green dotted line in 8(a). Moreover,
it has to be determined what brightness—i.e. distance from
the viewer—this border line should have. For this research we
assumed that the horizontal ground plane, if it is present in
the image, is always closest to the viewer at the bottom of the
image and then distance is growing with increasing height
in the previously discussed nonlinear manner. The vertical
border line between both vanishing directions is then assigned
the same gray value as the topmost ground pixel which is
immediately below it.
In the case of only detecting two vanishing lines to form a
vertical plane between them but no horizontal ground plane
we used the information of the third vanishing point, which in
many cases allows the insertion of an accurate ground plane
despite having found only few vanishing lines. The method is
motivated by the fact that the third vanishing point is usually
located high above or below the image borders which results
in almost vertical vanishing lines. Among these vanishing lines
the endpoint of that line is chosen, which lies closest to the



lower image boundary. This point is then connected by a line
segment with each of the two closer vanishing points and
forms the the so-called ground border line.
This enhanced approach using multiple vanishing points how-
ever assumes that all objects in the right half of the image shall
show a depth gradient towards the right vanishing point and
the same is done for the left half. In some images this leads
to a loss of detail such as corners or niches like it is indicated
by the red box in figure 8(a). As we can see from figure 8(b)
this details are not present in the depth map discussed so far.
Therefore, the second enhancement after including the infor-
mation of multiple vanishing directions was to find areas or
patches that might lie for example in the right half of an image
but actually belong to a vanishing point to the left which can
again be seen by the marked area in figure 8(a). This has
been achieved by using the vanishing line segments that have
already been classified to the three vanishing points. The image
containing these line segments is scanned column-wise from
top to bottom. All pixels belonging to one of the two dominant
closer vanishing points and lying between a vanishing line
segment and the already mentioned ground border line are
marked by a gray value indicating to which vanishing point
the areas belong. This results in a segmented image or mask
as shown in figure 8(c) and is finally overlaid on figure 8(b).
To obtain a smooth transition between depth values the edges
of the surfaces of this mask are adapted to the gray value that
is used in figure 8(b) at this corresponding location. Within the
surface or patch depth is increasing or decreasing depending
on the vanishing point to which it belongs. In the current
implementation one patch is always adapted to the gray value
of the patch immediately left to it, if there exists one. As
is shown in figure 8(d) this leads to convincing and detailed
depth maps in many cases.
Motivated by the improvements in creating these much more

detailed depth maps a different approach to create a geometric
depth map has also been developed that does not use the
generation of planes as described in [9]. This algorithm is
specifically designed for images where the two closer vanish-
ing points are of case “Left”, “Right” or “Inside” which is true
for most outdoor images that show some geometric structure.
It uses the found line segments with their assigned vanishing
directions to segment the image into many individual patches
as discussed above and again tries to guess a general transi-
tion between the two closer vanishing points. Furthermore, a
ground plane is again inserted by using the information of the
third vanishing point which is very often positioned high above
or below the image boundaries. This time however, the ground-
plane is inserted first using a depth gradient which decreases
linearly the higher the ground border line lies. After that the
other vertical patches are assigned depth values depending on
the position where they touch the ground and depth then varies
along columns in these patches.
Very often the found patches are only sparsely covering the
image plane. Therefore an additional depth map output is
generated which creates bounding boxes around areas of line
segments belonging to the same vanishing directions while

(a) (b)

(c) (d)

Figure 8. (a) Original building scene (b) Shown is a possible output of an
outdoor urban scene. The depth map consists of horizontal and vertical depth
gradient planes showing depth along two vanishing directions to accurately
represent the scene. (c) The image with segments of the three vanishing points
marked with different gray values (d) The enhanced version also shows details
of the building structure, such as small niches and corners. A color based sky
segmentation creates a convincing final result.

trying to maintain the geometry of the scene. Figures 9(a)
to 9(c) show a comparison of a depth map derived from the
line segments directly and the output coming from the use of
bounding boxes.
As the figures indicate the resulting depth maps are sometimes
incomplete on their own. However, the amount of details that
are present can be well combined with the initial geometric
depth map to obtain pleasant and convincing final results, some
of which are shown in the next section.

IV. RESULTS AND DISCUSSION

A detailed algorithm for generating a purely geometric
depth map of a single image based on three orthogonal
vanishing points has been proposed.
All necessary routines to read an input image of either color
or gray values and output its corresponding depth map have
been implemented using MATLAB R2012b. By the simple
execution of a single MATLAB script all calculations and
outputs as well as helpful plots are automatically created and
displayed, where the only necessary user input consists of the
path to the chosen input image.
The approach mainly uses the concepts presented in [9] while
adding quite some refinements, such as the generalization to
multiple vanishing points and the additional detection of so-
called depth patches or segments resulting in a much more
detailed depth map.
In an additional slightly different version of our algorithm
this idea has been taken one step further by omitting the
creation of any vertical or horizontal depth gradient planes
and solely concentrating on working with mentioned depth



patches. Also included is an option to create bounding boxes
around densely packed vanishing line segments belonging
to the same vanishing direction to achieve an often more
homogeneous and coherent depth map. While this approach
does capture details of buildings very well the depth maps
may either be incomplete to some extent or even with the use
of mentioned bounding boxes the geometry of the scene might
occur slightly distorted.
Therefore, the most detailed and convincing final results could
be obtained by a combination of the initial algorithm which
generates horizontal and vertical planes and the information
from mentioned depth patches. Some examples of this are
depicted in figures 10(b) and 11(b). Also note that for these
figures a color based segmentation algorithm as suggested in
section II was used as a preprocessing step. This segmentation
technique can create a depth map consisting of semantic
regions such as “Sky”, “Farthest Mountain”, “Far Mountain”,
“Near Mountain”, “Land” and “Other” by using a set of
heuristically learned rules. In figure 12 two results of a color
based depth map are shown. The color segmentation algorithm
is particularly well suited for outdoor scenes where almost
now straight lines exist to use an approach based on vanishing
directions.
Finally, there are still some limitations of the current algo-

rithm. In some cases the result is a complete but not very
coherent depth map with very sharp transitions between depth
levels. To further improve those results a next step could
implement a consistency check. In a simplistic form this
already exists in our algorithm, as any found depth patch is
compared to the depth values left of it first to obtain a gradual
and smooth transition of depth values. In future works this rule
could be extended to check the consistency to all neighboring

(a) (b)

(c)

Figure 9. (a) Original building scene (b) The second developed algorithm
shows many individual patches of the depth map formed by detected vanishing
line segments. (c) Using additional bounding boxes the algorithm can yield a
more coherent depth map while maintaining the general geometric structures.

(a) (b)

Figure 10. (a) Original building scene (b) The final output of the algorithm
including color based sky detection and all enhancements

(a) (b)

Figure 11. (a) Original building scene (b) The final output of the algorithm
including color based sky detection and all enhancements

(a) (b)

(c) (d)

Figure 12. (a) Original urban scene (b) Original nature scene (c) Color based
semantic depth map for the urban scene (d) Color based semantic depth
map for the nature scene. Gray Values: Sky - 0, Farthest Mountain - 50,
Far Mountain - 80, Near Mountain - 100, Land - 200, Other - 255



regions of the depth map.
Even further improvements of the quality of the obtained depth
maps could be achieved by combining the geometric approach
with the color based segmentation, like it has already been
tested for the sky detection in figures 10(b) and 11(b). The
basic segmentation algorithm developed through the course
of this paper could be used as a valuable starting point to
distinguish between even more semantic depth regions within
an image. This could be done by simply adding further color
based decision rules to the existing ones. As an example, it
might be advantageous to formulate a segmentation rule for
human skin tones to also be able to detect groups of people
and assign to them an individual depth value. One next step
might try to use the segmentation results as a classification of
the image content into “Outdoor”, “Outdoor with geometric
appearance” and “Indoor” to decide whether a color based,
geometric or even a combination of both results would suit
best for the underlying image [6]. Yet another improvement
could even include texture cues to decide which regions of an
image belong together and should thus share a similar depth
value.
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