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Abstract

This work presents the Multi-view StereoMaker software package, which allows making
automatic construction of a stereo image for several objects and accompanying information
to them using multi-view technology. Multi-view StereoMaker software complex works with
arbitrary 3D objects, representing both the results of calculations of mathematical modeling
problems, and user-defined images.

The construction of the display of scientific research results in stereo mode is implement-
ed for an autostereoscopic monitor. An autostereoscopic monitor allows viewing stereo imag-
es without glasses while providing quality that rivals that of a classic 3D projection stereo sys-
tem. This work continues the cycle of research carried out at the Keldysh Institute of Applied
Mathematics. The research is aimed at developing technologies of constructing stereo images
and animations for presenting the results of scientific computations on classical stereo devic-
es and autostereoscopic monitors.

A description of the main functions and capabilities of the first version of the developed
system is given. The results of the operation of the Multi-view StereoMaker software complex
are presented.
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1. Introduction

The emergence, development and gradual spread of stereo equipment provides an opportuni-
ty for research in the field of stereo-animation technologies and their application in scientific
developments. The construction of stereo-animation representations of scientific research re-
sults using such stereo devices opens up completely new possibilities the significance and rel-
evance of which can hardly be underestimated.

When working with a flat image of an object, a situation often arises when such image does
not have the completeness of information required to achieve its goals and limits the analysis
to a schematic image or a truncated viewing angle. Unlike a two-dimensional flat image,
three-dimensional stereo allows exploring more effectively and modeling objects with a de-
veloped spatial structure or interpreting pictures, made in the course of the experiment from
different angles at specific points in time and combined into an animation.

The representation of numerical simulation results that display the flow of complex physical
processes over time or show the operation of complex technical installations in three-
dimensional representation allows implementing a wide range of features. Firstly, a three-
dimensional representation of the process development over time helps to verify the compu-
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tational model and applied algorithms. Secondly, it provides the observer with a full under-
standing of the simulated phenomenon. Finally, it popularizes the research and its results for
society, including for decision makers. All of the above makes theoretical and practical devel-
opments in the field of building stereo representations very important.

With the advent and development of stereo installations, more and more works devoted to
the construction of stereo images began to appear. Specific problems that arise when using a
computer system to generate and visualize a composite multi-screen stereo frame, and meth-
ods for solving such problems are described in sufficient detail in [1-3]. At first, most research
in the field of stereo images related to the tasks of building virtual reality, simulators and
trainers, as well as training systems. However, later the issue of building presentation com-
plexes became very relevant, which also allowed demonstrating the results of scientific re-
search in stereoscopic mode. These works include works [3-10]. In [3], the results of display-
ing a Supernova explosion in stereo mode are presented. The work [7] is devoted to the crea-
tion of a computational technology for modeling the operation of a three-dimensional node of
power plant blades when the flow of a viscous compressible heat-conducting gas flows
around. Currently, the problems of constructing stereo images are considered in a wide varie-
ty of research areas [3-9].

However, when constructing a stereo image of the scientific calculations’ results, a rather im-
portant particular structural subproblem arises. As a rule, the standard presentation of a sci-
entific report includes not only visualization of complex geometry or fields of physical quanti-
ties, but also explanations, usually represented by text and formulas. If for geometries and
physical quantities the issues of constructing stereo representations are sufficiently devel-
oped, then the tasks of combining them with stereo images of texts and formulas with suffi-
cient expressiveness and the necessary stereo effect are still open.

As for the development of specific practical approaches in the field of combining images and
textual information to it, quite a few works have been devoted to this topic. Only the work
[10] can be mentioned here describing a study conducted in Japan on the perception of stereo
images of fonts on the screens of stereoscopic mobile devices. However, this research was
more social in nature rather than providing recipes for constructing stereo images of texts
and formulas.

Construction of stereo images is possible using a fairly wide range of different technologies:
from classical stereoscopy to the use of depth maps. The choice of technology depends on the
type of affordable stereo system, the field of application, and directly on the goals of creating
the stereo image.

Unlike the film industry in scientific research topics, the given area is still developing and
adapting to its needs and specific requirements. Precisely depending on the transmission ac-
curacy of the original images, values of the required stereo effect, correspondence to the re-
search topic, one or another technology for creating stereo images is defined and selected.
This work is a continuation of the cycle of research works [1-3,7,11-14] carried out at the
Keldysh Institute of Applied Mathematics on the basis of existing stereo devices. The main
type of device, that the stereo imaging software system described in this paper is designed to
work with, is the Dimenco DM654MAS autostereoscopic monitor. Autostereoscopic monitors
provide the display of stereo images without having to track the observer's position. Usually
these monitors allow observing stereo images, providing a few fixed segments in the observa-
tion space. The spectator can move between segments, getting the opportunity to view the
displayed object in 3D from different angles of view. The operation principle of auto-
stereoscopic monitor is the use of parallax partitions or Fresnel lenses installed behind the
protective glass of the screen, which gives it one of the most important advantages: the image
display does not require the viewer to have special glasses or other devices.

An autostereoscopic monitor is capable of demonstrating the visualization object in two ways:
either using a composite frame containing views of the visualization object from different an-
gles that form a certain sector of the review— this method is called multi-view - or using depth
maps.



In [12,13], the step-by-step process of developing such a technology for creating stereo images
matched with stereo text was considered in detail . These stereo images were constructed on
the base of multi-view technology. This technology allows achieving the highest stereo effect
to visualize the results of mathematical modeling which is engaged at the Keldysh Institute of
Applied Mathematics[7,14,15].

However, it is worth noting that until now, the construction of stereo frames was carried out
almost manually, even if using a well-established technology, by applying various programs
and sequential processing of each frame with setting and configuring all the necessary pa-
rameters. This process required a large amount of time and a high degree of accuracy and
care.

This work is devoted to the development of the task of automating this process and providing
automatic frame generation where multiple objects or inscriptions could be placed, each of
them has its own stereo base.

2. Methods for combination graphic and text information
in a multi-view for an autostereoscopic monitor

Autostereoscopic monitor has the ability to demonstrate the visualized object using a compo-
site frame containing views of the visualization object at different angles, which together form
a certain sector of the review. Usually, there are nine types. These nine species form eight ste-
reo pairs ([1/2], [2/3], [3/4]...., [8/9]), however, the viewer can only watch one of the stereo
pairs in one position, depending being in a certain corner sector of observation. When the ob-
server moves from sector to sector, he gets information about the object using all nine angles,
that is, as if inspecting at the visualized object from different sides.

When building a multi-view stereo image, nine frames are connected into one image based on
the 3x3 matrix principle. In the first and last (ninth) frames, the represented object is in its
extreme positions. In the first frame, the object is in its rightmost position, in the last one - in
the far left. Next in the middle frames, respectively from the second to the eighth, with certain
equal intervals, it shifts to the left, until it reaches the leftmost position. Herewith, in each
frame, the object turns progressively at the same angle and it is shifted by the specified inter-
val. This allows achieving the most effective result when building a stereo image of an object.
With too large parameters of the angular shift, artifacts occur: the observer has a feeling that
the image in front of him is blurring at the transitions from one stereo pair to another, and at
the slightest change of position, the observer notices the highlights and borders of each of the
stereopairs. Similar phenomena can cause a certain discomfort in the observer, which inter-
feres with work with stereo images and adequate perception of visual information on a stereo
frame. The problems of visual perception discomfort in virtual and mixed reality systems are
described in detail in [17].

After solving the problem of creating a multi-view representation of an object, in the investi-
gated case of stereo labels, in the quality separate frames in a stereo presentation or stereo
film, an equally important sub-task was considered- matching the image and text information
in one frame. Currently, in the case of demonstrating scientific results to observers, very
many objects require accompanying information situated directly on the same frame as the
image. In many cases, the caption and the object can not be distributed into different frames,
because they constitute a single logical display of information.

To construct such a stereo image in which both the object and the caption to it would be com-
bined, an image matrix is used (Fig. 1), to which three-dimensional letters were added and
sequentially shifted and rotated at each frame by the same interval (angular stereobase of the
object), previously calculated experimentally. The result was a stereo image with a three-
dimensional caption, where the stereo effect was pronounced.

Figure 1 presents an image of the results of modeling supersonic flow around a cone at an an-
gle of attack with the corresponding caption . This is one of the results of previous research- a
multi-view image of the results of modeling the supersonic flow around the cone at an angle



of attack with the corresponding inscription [16]. Here, the very image of the modeled cone
and separate inscriptions to it are matched. Each of them is rotated to its own experimentally
determined angle. As shown in the figure, then a matrix of images is compiled, which in turn
make up a single stereo image. Ultimately, the inscription was placed over the cone, but be-
hind its point, which in turn, was perceived by the audience as protruding from the screen by
several tens of centimeters.

MopgenupoBaHue CBEpPX3BYKOBOro
obTekaHMA KoHyca

Mopgennposanne CBepX3BYKOBOro MoaennpoBaKMe CBepX3BYKOBITO Mopaenmposanme CBepx3BYKOsOTo
obTexann KoHYCa obTexanns KoHyca obrexas c

Fig. 1. Image of the results of modeling supersonic flow around a cone
with the corresponding caption [16].

In the process of research, the following technology for constructing a similar stereo frame
was worked out, which is performed manually by the user:

1) The rotation of the object (the result of visualization of scientific computations) on the Z
axis in the Tecplot program by a given degree and subsequent saving of the frame with
each rotation;

2) Creating 9 frames for every rotation : 1st frame - extreme left position , 9 - the extreme
right;

3) Adding the required text (having volume and clarity) for each frame;

4) Consecutive rotation of the text by the required fraction of a degree in each frame;

5) Stitching all frames into an image matrix in certain sequence.

Building manually nine versions of such a stereo frame, which there are present several ob-
jects in, each of which has its own stereo base, takes a lot of time. It is necessary to build nine
views for each object, and then match them, without violating the integrity of the final stereo
image. The main difficulty in building a stereo image with matching several stereo objects is
the need for multiple repetitions of the same operation while generating the same stereo im-
age.Multi-view StereoMaker software package was developed to automate this process.

3. Multi-view StereoMaker software package

Multi-view StereoMaker program represents a software package, allowing to create a set of
nine images / representations of rotation of three-dimensional objects on a given angular ste-
reo base, and then get their union, matched into one image.

Multi-view StereoMaker was implemented in Python 3.6. In view of the fact that there were
no restrictions on the speed of the software package, when choosing given language, the fol-
lowing criteria as cross-platform, simplicity of the language and its broad support for optional
ready functionality were taken into account. The program is designed to work with arbitrary
3D objects with specified parameters. As such 3D objects can be the results of scientific calcu-
lations and accompanying information to them, such as accompanying captions, formulas,
additional images. Because of the visualization of the scientific calculations used was carried
out in the Tecplot software package, then Multi-view StereoMaker additionally organizes the
implementation of interaction with this software package. The program Blender was chosen



as a software package for generating arbitrary 3D images, which is open source and free soft-
ware with extensive support for the python language. A screenshot of the Multi-view Stere-
oMaker interface is shown in figure 2.

Among the main functions of the program, the particularly important are selection of the ste-
reo image generation algorithm for each object, the ability to preview the generated images
according to the specified parameters for each object, setting the parameters of generated im-
ages on top of each other by the user- specified coordinates and also the selection of the way
to save the final result.

Among the algorithms for generating stereo images, there is a category of "custom images",
where the user can respectively specify the directory where his images are. When choosing
the Tecplot category, the user must specify file in plt format with necessary model and when
setting the necessary parameters specify the size and width of the output image, the initial ro-
tation angle, the number of rotations, the object rotation angle, the axis of rotation.

The last category - the Blender algorithm - assumes generating a 3D object either from the
original user image in the .svg format, or by using internal text generation, as well as indica-
tion of additional parameters such as the color and depth of the 3D object, its scale, size and
width of the output image, starting angle of rotation, number of turns, axis of rotation, etc.
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Fig. 2. Screenshot of the interface of the Multi-view StereoMaker software package.

The program includes the following components, shown in the diagram (Fig. 3.). The user
must enter the parameters using the provided graphical interface (GUI).The graphical inter-
face allows referring to the generated images preview subsystem for each object. The parame-
ters entered by the user are transmitted to the preliminary data subsystem, which creates a
directory system for saving the results of algorithms. Then the parameters are passed to the
algorithm generator.
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Fig. 3. Organization diagram of the Multi-view StereoMaker software package.

The algorithm generator generates the appropriate algorithms for the external programs’ op-
eration (Tecplot, Blender), after which the obtained algorithms and parameters are trans-
ferred to the subsystem of interaction with external programs and data. In the case of trans-
ferring custom images, given subsystem will copy the custom images to the resulting directo-
ry and transfer them to the image gluing subsystem. In all other cases, the given subsystem
will launch external programs with the algorithms specified for them. Then there is a call to
the subsystem of gluing images, which performs multiple superposition of a number of imag-
es formed for two objects. The result of the program’s work is a directory containing algo-
rithms formed for a specific case for external programs, directories with generated images for
objects with user-specified parameters, and a directory with the final result.

Figure 4 presents the results of the operation of the Multi-view StereoMaker software pack-
age, demonstrating three-dimensional visualization of multicriteria alternatives using the his-
tograms described in [18].
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Fig. 4. 3D visualization of three multi-criteria alternatives using histograms.

This project is not completed. Only the first version of the developed program is presented. It
is planned to further develop and improve the program for combining multiple objects and
interactively placing them in a stereo frame with the simultaneous generation of nine views
for each. The additional options for recording statistical data will also be developed.



4. Conclusion

The results of constructing a stereo image for an autostereoscopic monitor by the method of
multi-view representation using the Multi-view StereoMaker software package are presented.
In the course of practical experiments, an optimal technology for constructing multi-view ste-
reo images of the results of solving mathematical modeling problems has been developed.

The goal of this work is to automate manual processes and development of a program for
constructing stereo images with textual accompaniment for creating stereo presentations. In
the long term, further debugging and testing of the program and automatic conversion to the
required autostereoscopic monitor format, as well as solving the problem of interactively
placing objects in one stereo frame with the simultaneous generation of nine views for each
are expected.
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