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Abstract

Symmetry is an essential feature of many geometric objects. However, the world
also contains many asymmetrical or approximately symmetrical objects. Detecting
approximate symmetries is a rather weakly defined problem, as computer-detected
approximate symmetry may not correspond to human opinion. The situation is even
worse if the symmetry is not global but local. This paper investigates whether ap-
proximate local reflection symmetries found by a computer in real data are accept-
able for human observers. To answer this question, a new simple approximate local
reflection symmetry detection is proposed and run on land cadastre data in the form
of planar point sets. The resulting symmetries are subject to user tests to study hu-
man acceptance of approximate local symmetry. The results show a relatively good
correlation between symmetry detected by computers and perceived by humans.
This finding provides a solid foundation for integrating both approaches in specific
applications. To achieve this, further research is needed on how to utilize specific
aspects of human symmetry perception in computer solutions, so that computer
symmetry detection can better approximate human perception.
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1 Introduction

According to a formal geometric definition, an object has symmetry if a geometric
transformation (such as translation, scaling, rotation, or reflection) maps it into itself.
The possible types of symmetries depend on the set of geometric transformations
available and what object properties should remain unchanged after the transforma-
tions are performed — see Martin (1996).

Symmetry can be recognized in many human-made objects as well as in nature.
According to the American scientist Lightman (2014), human brains strive to see
things symmetrically. “The reason must be psychological,” he says. “Symmetry rep-
resents order, and we crave order in the strange universe we find ourselves in ... [It]
helps us make sense of the world around us. Symmetry perception is hard-wired in
the human brain. That means we register the presence of symmetrical features in our
field of vision before we realize what we are looking at. The presence of symmetry
helps us to understand the perceived scene and analyse it more efficiently”.

The most common type of symmetry is reflection symmetry, produced by the
reflection transformation. Often, an object is not globally symmetrical but exhibits
local symmetry (i.e., only part of the object is symmetrical). Although more diffi-
cult to find, it may still be helpful both for human perception and applications (see
example in Fig. 1a).

Many methods have been developed to automatically find symmetry in geometric
models for global and reflection symmetry. The methods were typically designed for
human-produced symmetrical objects. Not much has been done for geodata that are

Fig. 1 Examples of symmetry, a the plane of local reflection symmetry (black) for one wheel (the red
one) - Uhrova (2021), the model with courtesy to Zhou and Jacobson (2016), b the plane of approxi-
mate global reflection symmetry (red) — Hruda (2021), the model with courtesy to Chalas et al. (2014)
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of natural origin, although information about their symmetry could eventually help
their understanding or efficient compression.

Symmetry detection by humans has been the subject of research for decades.
Many factors influence this perception. Fundamental works in this area are Zabrod-
sky (1990), Zabrodsky and Algom (1994), Sundaram et al. (2022). The complex-
ity of human symmetry detection in specific applications has been investigated for
many years, with the results that both global and local symmetries are essential, e.g.,
Palmer (1985).

Besides being an essential concept for human perception, symmetry has important
applications in science and engineering. For such applications, it is often necessary
to expect and use approximate symmetry because the model may have additional or
missing data ‘spoiling’ its symmetry, see example in Fig. 1b). Even on a shape with
no missing or additional data, the sampled points only exceptionally contain pairs of
mutually symmetrical points because their sampling did not respect symmetry.

The research in symmetries has numerous applications in science and engineer-
ing. Therefore, it is important to work not only with artificial models but also with
application data. In the research described in this paper, we utilize the data from
geoinformatics.

The main research question addressed in this paper is whether approximate local
reflection symmetries in geodata found by a computer are acceptable for human
observers. The question is addressed by two entangled tools: First, a suitable approx-
imate-local-symmetry method is proposed and applied to real geodata. Second, the
results are evaluated through user tests, allowing for the study of human acceptance
of approximate local symmetry in real data. The novelty of the approach used to
investigate the main research question is combining a novel, albeit simple, local
reflection symmetry detection method, human evaluation, and the use of geodata.
This combination is, as far as we know, unique.

The data used in experiments were sets of 2D (or projected 3D) points correspond-
ing to a terrain model. The point sets typically contain some shapes corresponding to
landscape features and human-made constructs, but the main impact on the observer
is due to the outline of the shape of this point set. Therefore, it makes sense to concen-
trate mainly on the outer shape. As the terrain point sets typically have only approxi-
mate symmetry, it is difficult to quantify the quality of the results formally, as there
is no ground truth, so user evaluation is more reasonable than using some measure.

The proposed solution for the local symmetry of the described data is based on the
method of global symmetry by Hruda et al. (2022a), developed mainly for 3D surface
models described by point clouds but usable also for points sitting in a plane embed-
ded in 3D, and well-tested. Two modifications of the method are presented, which
can find vertical planes of approximate local symmetry in terrain data. The modifica-
tions consist in uncomplicated identification of the concavities in the shape of the
data domain and using the weights in the original method to find planes producing
approximate local symmetry. The method suits data sets with a rather complex, usu-
ally concave, polygonal domain shape. For such a shape, it makes sense to concen-
trate on some symmetry of the domain shape (outline); if the shapes were simple,
such as a rectangle, inspection of its symmetry would bring nothing interesting. The
method is not tightly bound to geodata, so it can also be used in another context for
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lossy compression or reconstruction, shape matching, or as a tool to understand the
data better.

The paper is organized as follows. Section 2 brings background, namely, existing
symmetry detection methods, a more detailed description of the method of global
symmetry by Hruda et al. (2022a), and a survey of symmetry applications. Section 3
describes the proposed method in two modifications. Section 4 presents the results,
and Sect. 5 concludes the paper.

2 Background
2.1 Symmetry detection

From the possible symmetries, global reflection symmetry is most often needed;
therefore, many methods to detect it came into existence. A survey can be found in
Mitra (2013). It is impossible to say which of the methods is best; as usual, math-
ematically and algorithmically more complex approaches bring higher efficiency
and vice versa. The most frequently cited method of global reflection symmetry in
3D is by Sipiran et al. (2014). This method processes (possibly incomplete) triangle
meshes. It detects local features of the input object based on the maxima of the func-
tion for heat diffusion. Pairs of those feature points with similar values of the heat
diffusion function generate candidates for the planes of reflection symmetry. Other
points then vote for the candidates, and from the candidates, the plane with the high-
est satisfaction of points is taken as the most proper plane of reflection symmetry.

Podolak et al. (2006) use a planar reflective symmetry transform (PRST) that cap-
tures a continuous measure of the reflection symmetry of a shape concerning all
possible planes. Then an iterative refinement algorithm finds the local maxima of the
transform based on which the centre of symmetry and the best plane are obtained.

Li et al. (2016) developed a view-based reflection symmetry detection method
based on the viewpoint entropy features of a set of sample views of a 3D model. The
viewpoints are sampled on a sphere around an input model. For the views from these
viewpoints, entropy is computed, resulting in an entropy distribution sphere used for
symmetry plane detection.

Schiebener et al. (2016) use symmetry to complete partially known shapes for
robotics applications. The method works for point clouds and also needs to know a
point cloud in the neighbourhood of the object. It supposes that a 3D object usually
stands on some supporting plane, which helps to restrict the space for symmetry
planes search. Gaps along the sides in the direction of the view axis are closed by lin-
ear interpolation. Other global reflection symmetry methods, mostly geometry-based,
can be found, e.g., in the papers by Sun and Sherrah (1997), Karakala et al. (2019),
and Korman et al. (2015).

It is also possible to employ artificial intelligence methods, namely neural net-
works, e.g., the method by Ji and Liu (2019), Gao et al. (2021), and Shi et al. (2020).
These methods provide the usual set of advantages and disadvantages of neural net-
works: application is fast in case one has an already trained network, but its training
needs time and a huge amount of data. A completely different object may also ‘spoil’
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the neural network while its success on such data is uncertain. A new promising
approach in neural networks may be to train them so that they may “consider” human
experience in symmetry detection, see Krippendorf and Syvaeri (2020).

Local symmetry detection is a more complex problem as evaluating which can-
didate reflection planes are essential and which are ‘too local’ (such as the planes of
symmetry of a button on a jacket) is demanding. The methods often require a mesh as
an input - Ecins et al. (2017), are intended for geometric models - Mitra et al. (2006),
or seem to be relatively slow - Lipman et al. (2010). The Podgorelec et al. (2023)
method suits geodata, but the raster-based algorithm has limitations. The method by
Zalik et al. (2023) produces a geometric shape characterization, which is a general-
ized skeleton not equal to the axis of symmetry. Hruda et al. (2023) combine the PCA
descriptor point matching with the density peak location algorithm; the method is
mainly intended for a scene of geometric objects. Therefore, none of the methods suit
huge input point sets, typical terrain data.

Simari et al. (2006) present an algorithm detecting local reflection symmetries of
3D triangle meshes. Three orthogonal planes going through the centroid are found,
from which the one best reflecting the points is kept, and a support region is defined
with strong enough symmetry according to this plane. This region is left out, and the
method is used iteratively; in this way, local symmetry is produced.

The ground for the solution proposed in this paper is our method developed
recently that finds the best-fitting plane of global symmetry for the set of points in
3D. More details about the method and its efficient realization can be found in Hruda
et al. (2022a). The software implementing the method can be downloaded from
Hruda et al. (2022b).

The method needs neither a mesh nor other auxiliary geometrical information, such
as normal vectors (although such extra information could be utilized). It can process
huge data sets and produce more planes of reflection symmetry, sorted decreasingly
according to the symmetry measure.

The task is solved by maximizing an objective function called symmetry measure,
defined for a set of points X = {x, X,,., X,), X; € E°as

sx () =30 17w (1T () =) (1)

where T is a geometric transformation (a reflection in our case), ¢ (.) is a similarity
function, providing information on how close the point x;, transformed by the trans-
formation 71(.), is to the point x;. The weights w;; of point pairs x;, x;can be ignored
and set to 1, but their use provides more flexibility in the method. These weights are
essential for our purpose as they allow for more influence on some points.
Searching the plane of symmetry is understood as an optimization problem — the
plane best satisfying the input set of points is chosen; such an approach is general
enough to incorporate various understandings of symmetry, using different symme-
try functions and weights dependent on the type of data investigated. Primarily, it
was tuned with the prevailing applications in mind, such as incomplete symmetrical
model reconstruction (e.g., in the case that some errors in the data are to be recog-
nized and repaired) or compression (e.g., for the so-called generalization when the
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data are to be reduced to a smaller scale). Thus, missing or imprecise pairs of points
decrease evaluation of the corresponding symmetry plane but enable us to find the
best solution even for approximately symmetrical objects, which, however, might be
refused by a human observer as non-symmetrical due to the user’s previous experi-
ence. This aspect is significant for the data addressed in this paper.

2.2 Symmetry applications

The research on symmetries has significant application potential across diverse fields,
contributing to scientific discovery, technological innovation, artistic expression, and
societal advancement. Exploring the principles of symmetry and their implications
brings new insights and solutions to complex problems.

Focusing on applications in science and engineering, we can mention geomet-
ric data compression, e.g., Simari et al. (2006), symmetrical editing, e.g., Martinet
et al. (2006), and model reconstruction, see Mavridis et al. (2015), Schiebener et
al. (2016), where on the assumption of symmetry, the whole object model can be
recovered from partial data, which possess a certain degree of symmetry. Symmetry
analysis is used in signal processing, see, e.g., Girault (2024). Symmetry-based tech-
niques help uncover relationships in large-scale data sets, see, e.g., Murtagh (2008),
enhancing data visualization, clustering, such as Bandyopadhyay and Saha (2013),
and anomaly detection, see Qin et al. (2020). Namely, local symmetries can be used
for pattern recognition — Bigiin (1988) or image matching using local features - Hau-
agge and Snavelly (2012), Leng et al. (2019), face detection — Sun et al. (1998).

Symmetry can also be used as a tool for image compression. Many applications
exist in medicine and biology, where this compression type has found its place. For
example, the paper by Bairagi (2015) describes a method that allows efficient com-
pression in medical imaging where huge amounts of data are to be processed. This
method is based on the detection of the central symmetry axis in the image (in this
case, the vertical one). With such a symmetry axis, we can store (or transmit) only
half of the image (as the other half is symmetric). If a lossless compression is needed
(often in medicine), we can create an additional file where differences between both
halves are stored.

In the applications mentioned earlier, we work both with global symmetry and
local symmetries that help us detect similar parts of the model that may contribute
to the compression strategy used for this model. Approximate symmetries may also
play their roles. If we identify several objects with approximate symmetries, we may
declare them as perfect ones. It allows us to consider them in the data compression
process, which will result in higher efficiency of the compression performed.

Applications of local symmetry in geodata are for typical tasks, such as segmen-
tation and object recognition. The semantic segmentation assigns semantic labels
(classes), such as ground, buildings, or vegetation, to the groups of points or pix-
els. Applications such as city planning, precision agriculture, road monitoring, or
autonomous driving certainly require the highest possible accuracy; thus, every new
improvement counts. The developed solutions can still profit strongly from detected
symmetries in the data. Symmetry is frequently used in 3D architecture, street or
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network of streets reconstruction is undoubtedly the most common application of
detected symmetries.

Clode et al. (2007) represented one of the earliest approaches for detecting roads
from LiDAR data, using both the intensity and range data. The symmetry is implicitly
detected and employed in centerline, width, and direction calculations. The method
additionally provides vectorization. Gézero and Antunes (2019) recently presented
an automated 3D extraction of linear railway elements from mobile LiDAR point
clouds based on the symmetry of the standard railway construction profile. Kootstra
et al. (2009) use local symmetry for landmark selection: according to their research,
interest points selected using symmetry are more robust to noise and contrast
manipulations, have slightly better repeatability, and result in better overall SLAM
(Simultaneous Localization And Mapping) method performance. Wang et al. (2015)
proposed an automatic decomposition and modeling of the compound buildings from
LiDAR data and aerial imagery into semantic primitives with fixed parametric forms
by exploiting local symmetry contained in the building structure. Tu et al. (2017)
utilized monitoring changes in the symmetry of windows on a segmented building
facade in disaster assessment and management.

Applications can be seen in architecture and urban planning, see Mehafy (2020),
as symmetry has an eye-pleasing effect. As for the cadaster data, we have to stress
that this type of data is used in urban planning, and the detection of symmetries by
humans may be a cumbersome task. Computer detection can simplify this task con-
siderably as it may provide humans with hints on where to find symmetry. Kerber et
al. (2013) presented a method for detecting local symmetries in huge point clouds
of 3D city scans. The key idea is to design a feature space in which nearby points
have symmetric geometry with high likelihood and then solve the nearest-neighbour
problem in a lower dimension. The method robustly handles noisy real-world scanner
data, data from multiple images, or a combination.

As geodata (e.g., cadastre data) are typically huge, compression based on sym-
metry can find its place in this area. Haunert (2012) describes symmetry in city maps
(based on cadaster data) for map generalization. Cartographic generalization, or map
generalization, see, e.g., Jiang et al. (2011), includes all changes made when one
derives a smaller-scale map from a larger-scale map or map data. It is a core part of
cartographic design. The traditional approach requires a person to select and simplify
the level of detail on their map to optimize how information is presented. As the
symmetry detected allows the discovery of the data structure, including repetitive
patterns, it may serve as a tool for consequent data compression (as stated above).
Working with approximate symmetry, we obtain an essential tool that allows us to
consider approximately symmetrical objects as symmetrical (because the map result-
ing from the map generalization process does not contain tiny details (as was the case
in the original map on a larger scale).

We cannot expect perfect symmetries when working with application data, such
as geodata. The geodata are very challenging because their captured symmetric parts
are often obscured, shadowed, or detected from unpredictable directions only after
several reflections, resulting in partial and noisy data that calls for several adaptations
of the symmetry detection methods. To be able to utilize symmetry in geodata, we
must be able to provide local, approximate symmetries for incomplete data.
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3 The proposed method

The ground method for the proposed solution was developed to find planes of global
symmetry of a geometrical object represented by a set of points sampled from the
surface in 3D or from the object outline in 2D; the method was already shown to be
fast and reliable, see Hruda et al. (2022a).

For local symmetry, we added the detection of those parts of the model that “stick
out,” so they are candidates for some perceivable local symmetry. We will call such
a part of the model a peninsula in the following text, see Fig. 2. Which peninsula is
essential to deserve processing strongly depends on the context and the observer, and
there is no ground truth. We developed two peninsula-detection algorithms for this
task; the first is based on the K-means clustering, and the second utilizes the object’s
axis-aligned bounding box (AABB). The clustering was chosen to make groups of
mutually close points. As there are no special requirements for the resulting clus-
ters, which are just an auxiliary tool here, any clustering algorithm could be used;
for simplicity, we chose the widely-known K-means algorithm. The AABB structure
was selected as a simple tool to find points with extremal coordinates or lying near
the extremes. These points are suitable candidates to start the breadth-first search of
peninsulas. Both algorithms will be described for planar points, but they can also be
used for 3D data in case of a different input. The algorithms are described in Sect. 3.1
and 3.2.

When peninsulas have been detected, the search of symmetry planes on the input
model can be applied, as described in Sect. 2, with the weights of points in this part

Fig.2 An example of a peninsula (red) with an axis of approximate local symmetry (black)
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of input data increased to motivate the symmetry detection algorithm to prefer local
symmetry in this part. A proper choice of weights in Eq. 1 will be addressed in Sect. 4.

3.1 K-means-based peninsula detection

The algorithm works as follows. First, the input points are clustered; various cluster-
ing algorithms could be used. Usually, higher flexibility (e.g., more variety in the
shape of clusters or no need to set the number of clusters in advance) are paid by
higher complexity. We decided on K-means due to its well-known properties and
simplicity. More sophisticated solutions can be found, e.g., in Zalik and Zalik (2009)
and Bayer et al. (2023).

The found clusters are evaluated on how much they correspond to peninsulas, i.e.,
whether they correspond to the parts that are narrow and far from the point of grav-
ity. The best-evaluated clusters are kept for further processing. See more details in
Algorithms 1.

Algorithm 1 K-means-based peninsula detection

e Input: A set of points x;, {X; = (X;, y;)},1=0,.,n-1, k- the desired number of clusters
to be created, / - the number of best clusters to be kept.
e Output: / best-evaluated clusters of points corresponding to / peninsula.

1. Initially, £ random points from the input set are selected as cluster centres.

2. For each point, the closest cluster centre is found, and the point is assigned to this
cluster. The cluster centre is recomputed as the cluster centroid.

3. [Itischecked if any of the points should change their assignment to clusters. If so,
the computation goes to step 2.

4. Each cluster’s quality is evaluated by calling Cluster quality evaluation function
(see below).

5. [Iclusters with the best evaluations are returned.

Function Cluster quality evaluation.

e Input: A cluster containing #, points, its centroid x,
e Output: cluster evaluation eval (a lower value is better).

1. The point of cluster x;, furthest from the centroid x, is found.

2. Aline L given by x; and X, is constructed.

3. All cluster points are orthogonally projected onto L, and the sum s of the dis-
tances between the points and their projections are computed.

4. eval=s/n,.

See Fig. 3 for an illustration of cluster quality evaluation. The points of a cluster to
be evaluated are visible in Fig. 3a). In Fig. 3b), the centroid x is computed (the black
point). In Fig. 3¢), the point x; furthest from the centroid is found (the red point). The
line L given by x, and X;is constructed and shown in Fig. 3d). Points in the cluster are
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Fig. 3 Illustration of cluster quality evaluation; points are represented with small circles; a input points
(yellow), b the centroid (black) was computed, ¢ the point furthest from the centroid (red) was com-
puted, d a line given by these two points was computed (black), e an example of a point (orange) and
its projection

projected onto the line, and their distances are used for the evaluation (an example of
a point being projected is coloured orange in Fig. 3e).

3.2 Axis-aligned bounding box-based (AABB) peninsula detection

The algorithm is based on the idea that the peninsula’s extreme points are probably
far from the centre of gravity of the input data; maybe they even touch the bounding
box of the input point set. Although this supposition is neither necessary nor satisfac-
tory condition and is not rotation-independent, it may help detect parts of the data sets
suitable for the local symmetry inspection. See Algorithm 2 for more details.

Algorithm 2 AABB algorithm

e Input: A set of points x;, {Xx;=(X;,y;)}, 1=0,.,n-1; ¢ — user parameter, setting the
relative distance to which points should be considered as one segment, usually
c=1; MaxSegSize — the maximum allowed size of a segment, dist (x;, X;) — a Eu-
clidean distance of two points x; and x;

e Output: / segments S;, 1=0,.,/-1 corresponding to the best found peninsulas.

1. The bounding box and the centre of gravity ¢, of the input points are computed.

2. distDelta=0.1%*the length of the shortest side of the bounding box.

3. The set XB of those points X;, which are incident with the bounding box, is
computed.

4. For each point x;: add all points x; which fulfill the condition dist (x;, X;) <dist-
Delta into an auxiliary table AT (the table will be used to accelerate the process-
ing of neighbourhood of the point x;).

5. Points xb;, 1=0,....k in XB are sorted in descending order according to dist (¢,,
xb,).

6. avgDistToCg is computed as the average distance of the xb; points from ¢,.
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7. BFS traversal is started from each xb; in XB using the information in A7, and
visited vertices are added to S;; the traversal is stopped if the next point to be seen
(p) satisfies dist (¢, p)<c*avgDistToCg.

8. //An alternative stop condition for step 7 is: BFS traversal is stopped if the next
point to be seen causes |S;>= MaxSegSize.

9. All segments S, are evaluated using Algorithm 2, and / of them are considered the
output peninsulas, where /<=k and [/ is user-defined.

See Fig. 4 for an illustration of how the AABB algorithm works. In Fig. 4a), an exam-
ple of an input point cloud is shown. In Fig. 4b), the AABB of the input point cloud
is constructed and represented by a grey box around the input points. In Fig. 4c), the
set XB of points incident with the AABB is found (green). A starting point is selected
from the set XB — in this case, it is the downmost point (red, Fig. 4d). BFS traversal is
started from this point and stopped after one of the stop conditions is met (Fig. 4e-g).

4 Experiments and results

Both algorithms were implemented in C++and tested on a computer with a dual-core
processor, Intel CoreTM 15-7200U CPU with frequency 2.5 GHz, 8GB RAM, and
Windows 10. The testing (cadastre) data are shown in Fig. 5. All these data sets have
a non-convex outer shape and are only approximately symmetrical, if at all. As these
data sets are 2D projections of 3D data, their plane of symmetry degenerates to a 2D

| )
a) b) c)
(3] (3]
| J | J 19 | J
{ ] ...
o0
o o
~ .:o %% %%
d) e) f) 8)

Fig. 4 Illustration of the AABB algorithm at work; points are represented with small circles; a input
points (yellow), b the AABB was computed (grey), ¢ points incident with the AABB were found
(green), d a starting point was chosen from the green points (red), e, f two phases of the BFS traversal,
g the BFS traversal result
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geo_data3

geo_datad4 geo_datab geo_data6

Fig. 5 The tested data sets (points represented by yellow balls; the thick black line segments are the
axes of approximate global reflection symmetry)

axis. In Fig. 5, they are depicted together with the axis of approximate global sym-
metry as detected by the ground method of global symmetry; the orientation of the
datasets was chosen to have this axis vertical. Typical behaviour of the approximate
symmetry detection is visible here: the method tries to minimize the number of points
“unsatisfied” with the axis; missing points are not an obstacle as the data are allowed
to be incomplete. Most of the results are agreeable for the observer; the worst result is
the geo data6 data set, where a manual choice would prefer an axis such as in Fig. 2.

The outer shapes of these data sets contain various non-convexities where approx-
imate local symmetry can be found. For both algorithms, we tested two weight set-
tings. The former sets the weights of points outside the peninsula to zero and for
the peninsula points to one. This choice turns off the other parts of the data than the
particular peninsula. The latter setting is to consider the out-peninsula points with
weights one while the peninsula points have higher weights, so they have a more
substantial influence. We put this value to five based on experiments, as this value
provided the best results in preliminary experiments. The possibility and necessity to
set weights can be considered either an advantage or disadvantage of the proposed
method: on one side, the weights enable to put more or less stress on the influence of
the whole or the local part; on the other side, some experiments with the particular
data may be needed to set the parameters properly.
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The results for the K-means-based method are shown in Fig. 6 and for the AABB
method in Fig. 7, respectively. The results show that both algorithms can detect the
essential parts of the outer shape that stick out (peninsula), on which local symmetry
can be inspected using the method of reflection symmetry search. When we look at
the results in both figures, it is difficult to say which algorithm works better. Formal
measuring the quality of achieved results is difficult as there is no ground truth. As the
symmetry is only approximate and the ground method can ‘imagine’ eventual miss-
ing points, the methods can provide more distinctive local symmetries for different
settings of weights. For example, comparing Fig. 6b) the second row with Fig. 6a)
the second row (“geo_data2”) clearly illustrates the differences between both weight
settings: in the first case, only the peninsula was considered, while in the second case,
the whole shape was considered. However, not all symmetries found by a computer
correspond to what the user would choose based on perception. To test this difference
in computer and human evaluation, we processed the results by user tests.

The user tests were done by 30 anonymous users (27 men and three women; 20
university students and 10 employees, aged 23 to 59; the users had no visual defects
not compensated by glasses). The participants were volunteers and never participated
in experiments of this kind. All of them were computer scientists with no geodetic
background. However, most of them work in computer graphics, so they are used to
produce and perceive various visualizations.

We prepared an application for the experiment where images from both methods’
results on various data sets are mixed. In one moment, the users have four screen-
shots on the screen and are to mark (evaluate) each image according to their degree of
symmetry by an integer in the scale 1.5 (1 is better). Displayed images were grouped
into pages based on their original data and the similarity between the peninsulas
detected. For every user, the order of pictures on one page is randomized. The reason
is to minimize the influence of their location in the evaluation process. All images
were rotated to have the detected axis vertical as people are more sensitive to vertical
symmetry, and we wanted to eliminate this potential bias in the answers. Figure 8
shows a screenshot from the testing application.

The results from the user tests are summarized in Table 1; Fig. 9 (a histogram).
The collected user response shows how differently the particular users evaluate the
approximate local symmetry. The average evaluation of pictures by the users is 2.3,
which means that the users were only mildly satisfied with the suggested local sym-
metries. On the other hand, only a minority of results were evaluated as improper
(evaluation 5). The tests did not show a dominance of either K-means or AABB
methods but showed a slight dominance of the 1:0 setting of weights. It indicates that
to get a human-convincing approximate local symmetry, it is better to concentrate the
computation only on the local part of the shape and not consider the rest of the points,
not even with a small weight. It is a rather unexpected result because we expected
that the “global shape” of the data would influence the total impression.

Generally speaking, detecting symmetries by a human observer and computer are
not in a fatal disagreement, but some differences exist. For example, when the com-
puter program is asked to find an axis of symmetry, it finds some even in the data
that human observer would not consider symmetrical. Naturally, a question arises
whether there is some “range of symmetry” in which most people consider the data
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geo_datal

a)
Fig. 6 Resulting axes of local symmetry (black lines) for K-means method, a weights 0:1 (yellow
points 0, red 1), b weights 1:5 (yellow points 1, red 5)
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Fig. 6 (continued)
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geo_data1

geo_data2

geo_data3

geo_datad

geo_data5

geo_data6

a)
Fig. 7 Resulting axes of local symmetry (black lines) for AABB method, a weights 0:1 (yellow points
0, red 1), b weights 1:5 (yellow points 1, red 5)
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geo_data2

geo_data3

geo_data5

Fig. 7 (continued)
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How good is local symmetry in following data?

Mark each picture with grades 1S as at school (1 corresponds to the best, S to the worst). The same mark can be used moce than once.

Pyt

Fig. 8 A screenshot from the testing application

Table 1 User test results

Mark/evaluation K-means K- Bounding  Bound-
(number of users voting for 1:0 means  Box 1:0 ing Box
evaluation 1-5 to the symmetry 5:1 5:1
found by both algorithms, with
two sets of weights for each ! 85 2 100 84
algorithm) 2 90 94 80 74
3 65 64 48 69
4 29 28 35 30
5 21 32 27 33
Average mark 2.35 2.50 2.34 2.50
120
100
Mark
-~ 80 - ml
5
o m2
; 60 - 3
a |
g - — w4
N ‘ll HAI { E[I: )
K-means 1:0 K-means5:1  Bounding Box 1:0 Bounding Box 5:1
Method

Fig. 9 Histogram of results obtained from the users (i.e., how many users voted for evaluation 1-5)
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symmetrical. In our opinion, such research will have to be done first on artificially
prepared testing data with various “degrees of asymmetry”; as much abstract as pos-
sible, with no resemblance to real life, with no mutual semantic relation, so that no
kind of semantics (meaning) could influence the observer. Another interesting and
valuable task for future work in human understanding of geodata symmetry would be
to compare axes of symmetry drawn by humans with those generated automatically.

5 Conclusion

The question investigated in this paper is whether approximate local reflection sym-
metries in real data found by a computer are acceptable for human observers. In our
case, we used geo data as the source of data is natural, and there is a wide variety in
this type of data, which prevented us from using some data with very specific features
(what may be, e.g., caused by properties of algorithms that generate the images). In
such a way, we ensured that the results obtained were not influenced by some data
specifics, which allowed us to conclude that the results obtained were not influenced
by specific features in the images. To answer the research question, we proposed a
new simple approximate local reflection symmetry detection and ran user tests.

The positive result of the research presented is that, in general, there is no dramatic
difference between human and machine symmetry detection. This fact makes a rea-
sonable assumption for computer-based support when humans detect approximate
symmetry (to give hints to humans when they see no symmetry in the image).

Nevertheless, there were some cases where the differences were somewhat signifi-
cant. The formal explanation for this phenomenon is relatively simple: symmetry in
the image is detected using different principles by humans and computers. Detection
of these reasons should be a goal of the follow-up research. It will be necessary to
detect some specifics of human perception that cause differences in comparison with
the image processing by a computer (why some differences emerge). When detect-
ing these specifics - they will probably depend on the configuration of the image
investigated, see, e.g., Gestalt laws — Wagemans et al. (2012) - it will be possible to
adapt algorithms so that the computer symmetry detection will be closer to human
symmetry detection.
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