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ABSTRACT

Analyzing directional data, in particular circular data,
requires methods that are being available in libraries with a
well-known prestige as Python including SciPy, NumPy or
SciKit-Learn libs. An open-source library has been
implemented to be executed by the Python interpreter,
called PyCircularStats. Source code:
https://github.com/mhaut/pycircularstats

The potential of PyCircularStats is shown with an example
of analyzing two-dimensional data using circular statistics.
The practical case chosen is the positional accuracy analysis
of a satellite image of LandSat-8 in Caceres, Spain, with 99
control points taken with GNSS systems.

In this work, the possibilities of two-dimensional data
analysis using circular statistics using the PyCircularStats
tool with the results of this case of use is presented.

Index Terms— Analysis data, circular graphical
statistics, geospatial big data, remote sensing

1. INTRODUCTION

Directional data is characterized by being defined on a
circular or spherical domain, i.e. data belongs to angular
measurements, made up of an orientation or angle. Circular
data [1] is measured in angles or directions on the unit
circle and refers to the orientation in the plane, following a
Von Mises distribution [2] and being the simplest kind of
directional data.

There are many examples of circular data in field of
Earth Sciences [3] as varied as Geology [4], Biology [5],
Oceanographic  [6], or Meteorology [7] areas.
Applications such as the measurement of winds [8],
[9], migratory movements or the cations such as the
measurement of winds, migratory movements or the
analysis of striae orientation on fault planes, although
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directional data can be found in others fields too, as
image processing [10], [11], Physics [12], Medicine [13],
[14] or even in machine learning methods [15].

A particular case to analyze the positional accuracy of
satellite image of LandSat-8 in Caceres, Spain, is showed
with this graphical circular statistic. Additionally, this paper
performs a comparative between PyCircularStats and
VecStatGraphs2D, other vector analysis using graphical and
analytical methods developed in R.

This work is organized as follows: In section 1 a brief
introduction of circular data and its applications in multiple
fields has been made. Section 2 presents an analysis tool:
PycircularStat. Section 3 shows an example of the results of
a case of use showing a comparison of the results with
another analysis tool: VecStarTGraph2D. Finally, in Section
4 we present a summary of the work and conclusions.

2. METHODOLOGY

PyCircularStats is an open-source library, based on the
VecStatGraphs2D package, but which it has been developed
in Python and integrates the same methods and operations of
circular statistics, and, with and an extended graphical
analysis allowing a better a more flexible use. Also, to
introduce the operations of this package and demonstrate its
great potential within the field of statistics, a graphical
interface has been developed to facilitate its use.

Evaluation and implementation of PyCircularStats
algorithm were performed by using python programming
language, more concretely, python 3.6.9. and the libraries:
numpy, scipy, matplotlib, scikit-learn, pyqt. All scripts,
documentation and non-sensitive data are available on the
GitHub: https://github.com/mhaut/pycircularstats
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In addition, a graphical interface has been developed to
facilitate analysis of vector data. This interface called
Circular Statistics Studio (see Figure 1).

Circular Statistics Studio
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Figure 1. Interface Circular Statistics Studio of the
PyCircularStats.

3. PRACTICAL APPLICATIONS. CASE STUDY

A practical example of the usefulness of graphical
circular statistical analysis is presented. The evaluation of
geometric accuracy of high-resolution satellite images
(HRSIs) has been increasingly analyzed in recent years,
therefore the practical application presented has been about
this topic. The spatial data used in this practical case
consists of both, one Landsat-8 satellite image whose
planimetric positional accuracy is to be analyzed and 99
independent ground control points (IGCP) will be obtained
to evaluate the positional quality of the original image. The
coordinate differences of both data sets allow the analysis of
planimetric positional accuracy using circular statistics.

3.1. Spatial imagen analyzed

The spatial images analyzed is Landsat-8, its spatial
resolution is 15 meters. Each scene is composed of 11
GeoTIFF files one per spectral band, a metadata file (MTL)
and one additional file with scene quality assessment (QA)
information. The analyzed images belong to band 8, the
panchromatic band, since it has better spatial resolution than
the rest of bands. The xy-coordinates pair for each pixel is
guaranteed to be located inside the pixel limits. Each image
corresponds to a surface of approximately 180 km from
North to South and 190 km from East to West, and it has
been obtained from an orbital flight of height 705 km. The
image used in the experiment dates from 09/15/2018 (see
Figure 2).

Figure 2. Study area: The geographical location of the
Landsat 8 spatial image, in Caceres, Spain (right image)
and distribution of all IGCPs green triangles (left
image).

3.2. Positional control data used

The Independent Ground Control Point (IGCP) used
for analyses last Landsat spatial imaged, have been obtained
using DGPS, so has centimetric accuracy. The set of IGCPs
available in this study belongs to the Geodesic Polygonal
Network of Caceres and it consists of 99 points distributed
through the urbanizing area of the municipality of Caceres,
Spain (see Figure 2).

3.3. Methods and results

In this case study, analyzes were performed with both
libraries, PyCircularStats and VecStatGraphs2D, in order to
compare linear and circular statistical results. Table 1 shows
results obtained for linear and circular statistics and
uniformity test in both libraries. Additionally, Figure 3
shows a map made with PyCircularStats where each vector
is shown in its correct spatial position of the image. In other
words, this map shows the vectors without concentrating on
the center of a circle, as has been done in the graphs of
Figure 4 as circular statistical analysis.

In Figure 4 different graphics of circulars statistics in
PyCircularStats are showed: draw module and azimuth
distribution, draws of histogram, distribution and points, and
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Figure 3. Graphical Maps of 99 vectors in LandSat-8 of
Caceres, Spain, generated by PyCircularStat.
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others graphical information as density map and Q-Q
plot of azimuth.

Table 1. Results of linear and circular statistics of
accuracy positional LandSat-8 image.

PyCircularStats
NUMBER OF ELEMENTS = 99
MIN VALUE = 0.2062
MAX VALUE = 10.0419
. RANGE = 9.8358
mear ARITHMETIC MEAN = 5.5165
Modul MEAN STANDARD ERROR = 0.2354
odules STANDARD DEVIATION = 2.3418
(values in VARIANCE = 5.4839
Meters) POPULATION STANDARD DEVIATION = 2.3299
POPULATION VARIANCE = 5.4285
SKEWNESS COEFFICIENT = -0.3259
KURTOSIS COEFFICIENT = -0.7888
NUMBER OF ELEMENTS = 99
MEAN AZIMUTH = 262.5862
Circular MEAN MODULE = 0.1794
Statistics- CIRCULAR STANDARD DEVIATION = 1.8536
Azimuts CIRCULAR VARIANCE = 0.8206
. CIRCULAR DISPERSAL = 14.0481
(values in VON MISES PARAMETER = 0.3648
Degrees) SKEWNESS COEFFICIENT = 0.1173
KURTOSIS COEFFICIENT = 0.0558
Uniformity Rao Test. the hypothesis of uniformity is accepted for P = 0.01
Test Rayleigh Test: P-value for the hypothesis of uniformity = 0.041
VecStatGraph2D
NUMBER OF ELEMENTS = 99"
MIN VALUE = 0.2062"
MAX VALUE = 10.0419"
. RANGE = 9.8358"
L“.‘e"‘r ARITHMETIC MEAN = 5.5165"
Statistics- MEAN STANDARD ERROR = 0.2354"
Modules STANDARD DEVIATION = 2.3418"
(values in VARIANCE = 5.4839"
Meters) POPULATION STANDARD DEVIATION = 2.3299"
POPULATION VARIANCE = 5.4285"
SKEWNESS COEFFICIENT = -@.3259"
KURTOSIS COEFFICIENT = -0.7888"
NUMBER OF ELEMENTS = 99"
MEAN AZIMUTH = 262.5862"
Circular MEAN MODULE = 0.1794"
Statistics- CIRCULAR STANDARD DEVIATION = 1.8536"
Azimuts CIRCULAR VARIANCE = 0.8206"
(values in CIRCULAR DISPERSAL = 14.0481"
Degrees) VON MISES PARAMETER = 0.3648"
SKEWNESS COEFFICIENT = 0.1173"
KURTOSIS COEFFICIENT = 0.0558"
Uniformity Rao Test: the hypothesis of uniformity is accepted for P =0.01"
Test "Rayleigh Test: P-value for the hypothesis of uniformity = 0.041"

Table 1, Figure 3 and Figure 4 summarize linear and circular
analysis of the results about de positional accuracy of this
Landsat 8 image. In Table 1 we can see that the results
obtained with both tools are the same. Therefore, it can be
considered that the tools work correctly.

On the other hand, the graphical analysis includes a set of
graphics that it allows us to assess the results from a graphic
perspective. Summarized to this analysis it can be concluded
that the positional accuracy of the image analyzed is very
good for several reasons: 1) a good linear

180°
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QQ plot
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Figure 4. Graphics of circulars statistics for a positional
accuracy analysis of one LandSat-8 of Caceres, Spain.

value of the positional accuracy of LandSa-8 image is 5.5 m
* 2.3 m and the maximum value (10 m) does not exceed the
spatial resolution of the image (15 m); 2) All graphics show
a good distribution data and 3) uniformity tests were
accepted.

4. CONCLUSIONS
This article presents an example of analyzing circular
data using PyCircularStats, as an alternative to other
existing ones such as VecStatGraph2D. Results of analysis
of the example shown that both tools are the same statistic.
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This PyCircularStats tool includes linear analysis as
well as descriptive angular statistics, it also includes graphic
analysis and density maps. These graphics are easily
editable since it has been complemented with a graphic

interface.

In this work, a practical example of use has been
demonstrated when analyzing the planimetric positional
precision of a spatial image, LandSat-8 from Céceres, Spain,
and with 99 ground control points. The positional accuracy
of LandSa-8 image is 5.5 m + 2.3 m. This result is similar to
that obtained in [16] where this same image is analyzed
using only conventional statistics (5.22 + 1.95 m).

This work shows the possibility of performing more
complete two-dimensional data analysis using circular
statistics and knowing the tools that develop them.
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