Symmetr y as a Natural Feature

For our research interests in mobile robot applications like navigation, localisation
and range estimation we are solely using an omnidirectional vision system consisting
of a digital colour video camera and a hyperbolic mirror. For good performance in
each mentioned application robust image feature extraction is required, preferably
indepependent of variable light in uences. In this area of research most known
methods use edge and corner based features or colour information, which are also
supposed to be supported by human vision. Another basic, but effective natural
vision routine is the detection of symmetry. In our approach, we try to use symmetry
as a global feature for mobile robot applications in an indoor environment.

5.1 De nition of Symmetry

The rst main type of symmetry is mirror symmetry, which means that the regarded
object is invariant with respect to a re ection about an axis. The other type is called
rotational symmetry, which means that the object is invariant with respect to a rota-
tion about an axis (see Fig. 5.1).

Figure 5.1: Left: A fractal gure which is both mirror symmetric and three times rotational symmetric, which can be
expressed as radial ~ -symmetry [27]. (Right: )

For the cause that the rst one is what we mainly understand as ,symmetry* and can
be detected much easier than the second one (both by human and computer vision),
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| have decided to restrict to this type. This is also supported by the fact that the
testing area (which is our of ce corridor, see Fig. 3.4) consists of only a few straight
arti cial objects such as doors, walls and ceiling lamps. On the other hand, it should
be possible to use symmetry in more complex indoor environments, because most
man-made objects have a huge degree of mirror symmetry (e.g. pieces of furniture
or of ce equipment). Thus, in the following, the words symmetry and symmetric will
be used to mean mirror symmetry, if not explicitely named.

It is not dif cult to reproduce that human vision can better deal with analyzing sym-
metric objects than with asymmetric objects. Fig. 5.2 taken from [12] shows human
eye xations on these two types of objects.

Figure 5.2: Fixations on a symmetric shape (left) and on an asymmetric shape (right) [12].

One can see that in the symmetric case, xations solely concentrate on the left half of
the object, while the asymmetric object has been completely analyzed. This demon-
strates the effectiveness of a pre-processing routine detecting an object's symmetry.

5.2 Symmetry Image Processing

As mentioned, we only concentrate on mirror symmetry. Additionally, another restric-
tion is introduced by neglecting skewed symmetry, so the only remaining are pure
horizontal and vertical mirror symmetry.

To eliminate misunderstandings, we de ne horizontal symmetry as a mirror symme-
try about a vertical axis (so both gures in Fig. 5.1 are horizontally symmetric) and
vertical symmetry as a mirror symmetry about a horizontal axis (thus, only the right
one in Fig. 5.1 is vertically symmetric).

These two basic features are the most important symmetries in most environments
and can be quickly determined in comparison to skewed symmetries. All symmetry
image results will be demonstrated regarding a 1-dimensional binary test pattern and
a real of ce image of size 250 187 (see Fig. 5.3).

5.2.1 Computing Symmetry

Two main algorithms were developed to compute horizontal and vertical symmetry.
Simply because both symmetry types mainly differ in the direction of calculation,
each algorithm will only be illustrated for the horizontal case. Finally, some differ-
ences between horizontal and vertical symmetry computation will be explained.
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Figure 5.3: Real image used for symmetry experiments.

For detecting horizontal symmetry about a pixel , only pixels in the same image

row are used, where s the width of the panoramic image.
A special feature of panoramic images is the fact that the right side joins the left,
which can be expressed as . This is very useful for each type of feature

extraction with larger masks, e.g. edge detection and symmetry, because there will
be no discontinuity at the sides, like it is in pure image vision.

5.2.2 Quantitative Symmetry

The idea of quantitative symmetry is to determine a maximal range for each
pixel , so that its environment

(5.1)

is symmetric about . Following the mathematical de ntion of symmetry, we call
hard symmetric, if
(5.2)

where s the colour or gray value of

Figure 5.4: Normalized hard symmetry (thick) and interest (thin, depending on gradients in ) for a binary
test pattern.

Using hard symmetry, light in uences and image destortion prevent symmetries
larger than a few pixels in real images. Thus, it is necessary to soften this constraint
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by introducing a threshold . is called soft symmetric, if
(5.3)
The symmetric environment about point  can be written as
(5.4)
and the normalized symmetry of
—_— (5.5)

Additionally, a modi cation has been implemented to handle with symmetries
of even pixel count. In this cases, there is no center pixel about which these
symmetries could be detected. This expansion explains the high symmetry values
for the outer pixels in Fig. 5.4, because of the fact that the symmetry axis lies right
between these pixels.

Remarkable image points can now be detected by searching for peaks in the sym-
metry image, like the center and the border of the test pattern in Fig. 5.4 or the axes
in the second row of Fig. 5.5.

Figure 5.5: Quantitative horizontal symmetry images of Fig. 5.3 with a maximum mask of size and
different thresholds (left), (center) and (right). First row: resulting images.
Second row: horizontal peaks of the upper images.

5.2.3 Qualitative Symmetry

The examples shown in Fig. 5.4 and Fig. 5.5 point out the disadvantage that resulting
guantitative symmetry images will be very discontinuous, depending on the threshold
value . Regarding qualitative symmetry offers a continous symmetry image by using
a constant Iter mask to determine a normalized mean square error
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Thus, corresponds to a value of asymmetry, while
corresponds to a value of symmetry in

S (5.6)

where is a normalization constant depending on the used colour space (e.g.

for grayscaled images) and is supposed to be a radial weighting function
(like gaussian, b-spline or triangular). In this case, a simple triangular weighting
function is chosen:

— (5.7)

-

Figure 5.6: Example for triangular weighting function with . Note that for each ,itis and

Similar to quantitative symmetry, regions of interest can now be extracted from the
resulting symmetry image by nding maxima, but the continuity of the function of-
fers much better robustness in nding this peaks. Additionally, other approaches of
feature extraction can be applied, e.g. density models.

A comparison of both quantitative and qualitative symmetry is shown in Fig. 5.7.

An expansion for analyzing symmetry between two pixels, like it has been imple-
mented for the quantitative case, has not been realized for qualitative symmetry.
Experiments show that the choice of is important for the performance of the al-
gorithm. A small is working out well the symmetry axes of small objects, while
it enlarges those of bigger objects. On the other hand, a large mask size nds
the symmetry axes of bigger objects, but those of smaller objects get less important
(see Fig. 5.8, especially the axes of monitor and mouse).

Important symmetry axes can be found at places where most  deliver not neces-
sarily high symmetry values but symmetry peaks.
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Figure 5.7: Quantitative (thin) and qualitative (thick) symmetry for the binary test pattern.

Figure 5.8: Qualitative horizontal symmetry images of Fig. 5.3 with different mask sizes of (left),
(center) and (right). First row: resulting images. Second row: horizontal peaks of the upper
images.

5.2.4 Accum ulated Qualitative Symmetries

For this reason, two further approaches are based on the calculation of all possible
symmetry images, which means all . The oor function is needed for
odd image widths to prevent oat mask sizes.

The rst one consists of adding the peaks of each -symmetry image. By de ning
a peak function

if is local maximum
(5.8)
else

this can be expressed as
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— (5.9)

The other one determines the peaks in the added -symmetry images:

— (5.10)

(5.11)

Thus, the rst (), called Mean Maximum Qualitative Symmetry, results in a
grayscaled image because of multiple peak extraction, while the second (), Mean
Qualitative Symmetry, is a continous grayscaled image and the third (), Maxi-
mum Mean Qualitative Symmetry, results in a binary image of symmetry axes (see
Fig. 5.9 and Fig. 5.10 for horizontal symmetries).

Figure 5.9: Mean Maximum Qualitative Horizontal Symmetry (left), Mean Qualitative Symmetry (center) and Maxi-
mum Mean Qualitative Horizontal Symmetry (right) of the binary test image ( ).

Figure 5.10: Mean Maximum Qualitative Horizontal Symmetry (left), Mean Qualitative Symmetry (center) and Max-
imum Mean Qualitative Horizontal Symmetry (right) of the of ce test image ( ).

Note that information about the value of symmetry is lost for the Maximum Mean
function (Fig. 5.10 right) caused by the binary representation. Thus, information can
only be binary, expressing if there is symmetry (even if this is very small) or not.
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Those methods have the advantage of no threshold needed. Additionally, all sym-
metry images, especially the rst one, are more robust and continous than those
with any simple mask size

The only disadvantage is caused by the high complexity of

The resulting much higher processing time, which is mainly depending on the im-
age's width (when s set to ), could later be managed by implementing in
hardware.

5.2.5 Vertical Symmetr y Calculation

The algorithms for horizontal and vertical symmetry calculation are mainly identical.
In the vertical case, only pixels in the same image column are used, where

is the height of the panoramic image. For the reason that the continuity of the
image from the right to the left side (see section 5.2.1) is not given for the upper and
the lower side, equation 5.6 has to be changed into:

S (5.12)

where
, if

(5.13)
, else

Thus, in the rst case, the same formula is applied, if the two opposing pixels to
compare can be found in the image. Otherwise, the calculation will be ,punished" by
setting the difference value to the maximal error value

Figure 5.11: Mean Maximum Qualitative Vertical Symmetry (left), Mean Qualitative Vertical Symmetry (center) and
Maximum Mean Qualitative Vertical Symmetry (right) of the test image ( ).

The consequence of this extension can be seen in the vertical symmetry images (see
Fig. 5.11), where symmetry values get smaller for pixels lying near to the upper and
the lower image border. For the cause that it is not known, how the image continues
above and below and nothing can be said about symmetry in those cases, this effect
is desirable.
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