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Abstract

In 2016, an article [1] was published in the journal Scientific Visualization No. 1, which
marked the beginning of a further series of publications, one way or another related to the
visualization of geo-referenced data. The work is indirectly a continuation of this series, since,
similarly to previous articles, the result of the work can also be seen on the Yandex satellite
map. The article describes in sufficient detail the step-by-step process of developing and de-
bugging a software product, the ultimate goal of which is the visualization of geophysical data
with their subsequent display on the Yandex satellite map in accordance with the geographic
coordinates that are set as input. The software product is a fully debugged complete module
that can work both offline and, in a complex, aimed at laying out the result on the Yandex sat-
ellite map.

Keywords: georeferenced data, visualization, Yandex satellite map.

Introduction

There are many examples of building of images based on text files containing georefer-
enced data (data that has map reference coordinates). For these purposes, at various times,
graphic editors Surfer [2], MathCAD [3], etc. were created, which can work with input text
files and process these files in the form that is interesting to the user. In this article, we will
not dwell on each of editors; the article has a different goal, namely, to show the process of
creating an image from any text file for subsequent display on a Yandex satellite map without
involving well-known powerful graphic editors.

API (abbr. from the English Application Programming Interface - a description of how
one computer program interacts with others) Yandex [4] has all the necessary functionality
for the implementation of this project, despite some limitations compared to other satellite
maps (Google Maps, for example). In addition, Yandex is a domestic development, which is of
no small importance. The authors set themselves the goal of universal image generation
based on a text file that has in its arsenal only the values of a certain parameter (be it sea sur-
face temperature or the number of visitors to supermarkets over a period), as well as georef-
erence values (longitude/latitude) of the parameter. That is, if we are talking about the tem-
perature of the sea surface, then the latitude and longitude of the point at which the tempera-
ture parameter takes exactly this value (obtained from observations or predicted) act as a
georeference. If the parameter is the number of visitors to supermarkets for the period, then
the file with georeferenced data will use the longitude/latitude of the point with the location
of the supermarket of interest. In other words, longitude/latitude uniquely identify the loca-
tions of the values of the parameter that will be shown on the rendered image.

The following assumption should be noted: - any text file that has not been previously
processed by graphic editors or anything similar, such as files of GRD type (the result of pro-
cessing by the Surfer editor or Adobphotoshop [5]), can be used as input. As a software tool
for the subsequent implementation of image construction, the scripting programming lan-
guage PHP [6] was chosen, since it is best integrated into any site, namely the site with the
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Yandex satellite map in our example, where, ultimately, the built image will be sent. In addi-
tion, PHP has the full range of graphics functions needed to create images.

So, the final goal, namely the visualization of arbitrarily given georeferenced data, will be
implemented in several steps:

1 black and white rendering of image,

2 “filling” the constructed image with color,

3 laying out the image on the Yandex satellite map.

Step 1 — black and white rendering of image

The input data is a text file with the CSV extension, consisting of three columns:

- latitude/longitude in the first two columns;

- the actual value of the parameter (in our example, this is a truncated geostrophic, that
is, only one of the two velocity components).

In this case, the extension in the name of the text file matters only so that a function de-
signed specifically for this extension is used to open this file in the PHP program.

First, let's build a black and white image of the data contained in the input file. The black-
and-white image is built only on the basis of the longitude/latitude of those points in which
the parameter values are present. Actually, the value of the parameter itself will appear at the
development stage in step 2, since the parameter values in the figures are actually a color pal-
ette, which we will see later.

The result of the script at step 1 is shown in Figure 1. The canvas size is calculated and de-
pends on what is the maximum number of points in the input file represented by latitude and
longitude:

Figurei1. Primary black and white image of the input data

X = (max_do - min_do)* const,

y = (max_sh - min_sh)*const,

where:

max_sh, min_sh — values of maximum and minimum latitudes in the input file,

max_do, min_do - the values of the maximum and minimum longitudes in the input file,
respectively,

const — an arbitrary constant that specifies an increase / decrease in the image to improve
viewing (a kind of scale).

In order to get the same image in a solid black and white representation, you can use the
constant const, reducing our result, and see the image on the screen, see Figure 2.



Figure 2. Primary image of input data in solid black and white representation

To clarify, points are clearly visible in Figure 1, but nevertheless, to construct them, the
function for constructing an ellipse imagefilledellipse () was used with black (temporarily) as
a fill color. The point in this case acts as a particular of the ellipse, that is, the point with
equally given sizes of radii is considered an ellipse (functionally more universal).

In the PHP script, in addition to the above, the following functions were also used in step
1:

imagecreatetruecolor() — creating an image of a calculated size,

imagecolorallocate() — creating colors (white for building drawings on canvas and
black for filling dots-ellipses),

imageFilledRectangle() — building a white rectangle on the canvas as the background
of the image.

At this point, step 1 is considered fully implemented.

Step 2 — “filling” the constructed image with color

At this stage, we will additionally use the text data of the same file, but with an arbitrary
palette file of the RGB type, that is, the palette file contains three columns corresponding to
the values Red, Green, Blue. For now, for clarity, we will build the palette directly on the same
canvas created earlier in step 1. To do this, we increase the size of the canvas calculated in
step 1 by the desired width of the palette:

- X = ((max_do - min_do) + const_add_ palett)* const,

where const_add_ palett — the desired width of the palette image (for example, from o to
10). Zero in this case means no palette on the canvas.

So, it is necessary to paint over each point of the original black-and-white image with the
color from the palette that corresponds to the parameter value at the point with the specified
longitude/latitude. To establish this correspondence, we will proceed as follows:

- count the total number of points with parameter values (in our example 2993) and the
total number of lines with color values in the palette, for example 150;

- since there are significantly more points with parameter values than colors in the pal-
ette, 2993 versus 150, and when choosing other input data in the future, this excess will re-
main unchanged to one degree or another, we will determine by simple calculations which
color the range of parameter values from the input data will belong to;

- in the imagefilledellipse() ellipse construction function specified in step 1, change the fill
color from black to the color of the parameter, the correspondence to which we have already
determined above.

Figure 3 shows the output of the updated PHP script, displaying the used palette of dif-
ferent widths (left and right), as well as indicating the maximum and minimum values of the
parameter corresponding to the start and end colors of the palette.



Figure 3. Color image with a palette of different widths and inscriptions

It should be noted that the indications of several parameter values, in addition to the
maximum and minimum, can be specified in different ways - either by the corresponding in-
scriptions-divisions at the palette scale itself, or as a "pop-up" hint when "removing" these
values from the canvas, similarly to "removing" coordinate values on the Yandex satellite map
[7], about which certain assumptions should be made in the future.

In the PHP script, in addition to those already used earlier in step 1, the following func-
tions were used in step 2:

imagecolorallocate() — creating different colors to build a palette,

imageFilledRectangle() — building a rectangle on the canvas with all colors as a pal-
ette,

ImageString () — to create inscriptions on the palette image.

The first two steps will be considered preliminary before laying out the generated image
on the Yandex satellite map [8].

Step 3 - laying out the image on the Yandex satellite map

In the finished image, before laying it out on the map, one more thing needs to be done -
a transparent background. But since this requires adding only one function Imagecolortrans-
parent() for the background color (in our example, it is white), and the result of this func-
tion’s work appears best after it is laid out on the map, it was decided to add transparency to
the image at step 3 - when laying out on a satellite map.

Let's insert the finished PHP script for building the image into the HTML frame.

Let's transfer the already finished image with the necessary parameters (coordinates of
points with the parameter, the center of the future map, etc.) to the JS script [9], since it is JS
that is responsible for building the Yandex satellite map. As a result, we get the

image shown in Figure 4.

YHuBepcanbHaa cucTeMa NOCTPOEHMA N306paXeHUA No reonpuBAsaHHbIM
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Now that everything is ready, as an experiment, let's try to replace the palette file, using a
palette with a small number of colors for this. Then the same image [10] will look as shown in
Figure 5.
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Figure 5. Image on the Yandex satellite map with a different palette

In other words, in the future, the user himself will decide and accordingly choose which
palette is more convenient for him to use.

Finally, Figure 6 shows an example of the image of the temperature averaged over a dec-
ade (as a parameter) of the surface of the World Ocean on the website of the Hydrometeoro-
logical Center of Russia [11], made by completely different means. This example can be done
with our fairly simple method described in the article.
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Figure 6. Actual data from the Hydrometeorological Center of Russia

Conclusion

Note that these works with step-by-step imaging were carried out by a somewhat uncon-
ventional method, that is, the program was debugged not by separate modules, but each new
step included the previously debugged one, that is, a certain kind of “stringing” took place.
Thus, it was this approach that made it possible to reach the final goal with an already fully
debugged, working PHP script.

This pivotal, working script will serve as the main basis for our further works towards
universality. Note that this further works are already underway. Universality will consist in
the ability to select any text file, as well as a file with a palette. In the future, we will make the
palette image separate from the main image in order to be able to place the palette image an-



ywhere behind the map vertically or horizontally at the request of the researcher. And most
importantly, we have to make a software product for constructing the speed parameter, that
is, arrows will be drawn on the image indicating the direction of movement of high-speed
flows. I must say that all future results will be reflected in the article, which will be a continu-
ation of this article.

If we turn to examples of the global level, then on the COPERNICUS website [12], where a
huge number of images of geophysical parameters are presented, we note that the software
product can also be used in analogue systems of Copernicus. Also, this software product can
become the basis for works in any region on the cartographic surface. On the site with the
Yandex map, in the future it is planned to create various kinds of selections of input data and
palettes of interest, which will form the basis of the topic for another article.
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