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Preface 

On behalf of the DIPDMWC2016 program committee and hosting university, we are honored to 
welcome the attendees to Higher School of Economics (National Research University) to participate in 
the Third International Conference on Digital Information Processing, Data Mining, and Wireless 
Communications (DIPDMWC2016) during July 06-08, 2016.  

DIPDMWC2016 is jointly organized by the Society of Digital Information and Wireless Communications 
(SDIWC) and Higher School of Economics (National Research University) with co-host InfoWatch, 
Russia. 

In this edition, DIPDMWC2016 is providing a venue for high quality papers in a wide range of research 
areas in Digital Information Processing, Data Mining, and Wireless Communications fields. The 
accepted papers were authored by researchers from different countries. Wherein each paper was 
evaluated by a minimum of two reviewers and additional reviews were also conducted. Authors 
received reviewers’ comments to be considered in the final camera ready of their papers. All 
registered papers will be submitted to IEEE for potential inclusion to IEEE Xplore.  

We hope that the conference fulfills your expectations and that the proceedings’ documents are 
among the best research in the studied areas. We express our thanks to the conference committee, 
authors, sponsors and the organizers of this conference. 
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The development of mobile applications for the 
capturing and visualization of stereo and spherical 

panoramas
Zaitseva A.O., Deryabina K.A., Rolich A.Y., 
Moscow Institute of Electronics and Mathematics, 

Higher School of Economics, 
Moscow, Russian Federation, 

arolich@hse.ru 

Abstract — This paper overviews and analyzes existing 
technologies for creation the three-dimensional spherical 
panoramic images and their visualization via mobile device using 
virtual reality(VR)-glasses. The goal is to design a new application 
for recording and processing panoramic images with a further 
adaptation for VR-visualization. The description maintains 
methods that are used for app-development. 

Keywords — three-dimensional space(3D), stereoscopic photo, 
spherical photo, virtual reality, mobile application. 

I.  INTRODUCTION 
Nowadays, the plenty of virtual reality devices amazed us by 

its diversity and variety of capabilities. The relevance of this 
topic is based on fast development of VR technologies and 
advantages of new developments over the outdated. For 
instance, 3D cinema today — is relatively old invention, 
compared to new analogues. Another example — HMD today 
is advanced technology. For the best immersion in virtual 
reality these devices can be equipped by motion tracking 
systems for head, eyes, body, etc. Nevertheless, the price of 
these devices starts from $500, so, not everyone can afford this 
purchase for himself.  

The costs of the screen, due to which we can see the 
displayed objects, is more than half of the total cost of the 
helmet. For this reason, the idea of creation of VR glasses has 
been proposed. VR glasses — is the peculiar device with special 
lenses and a compartment for a mobile device. The quality of 
3D effect depends on characteristics of the mobile device 
(display resolution, the presence of the accelerometer, 
gyroscope, etc.) and lens quality. It is also important to take into 
account the quality of mobile applications, which interact with 
VR-glasses. 

Last few years, the number of the applications for VR-
glasses are highly increased and usually published in online 
stores such as Google Play Market, Apple Store. Most of them 
have more entertainment value than practical. Therefore, the 
relevance of this project is to create a unique mobile 
application, which will have more entertaining character, but 
the 3D solution will be the best option for implementation. For 
example, a photo and video cameras can capture a visible front 
area similar to the human eye at an angle close to 180 degrees. 
Visualization of the captured by 3D-hardware photo/video 

[1,2,3] will add a little more realism to the screen, but it will 
change our perception not so much (e.g., we do not see the 
space located behind the camera). 

One of the possibilities of using VR technology is to view 
the spherical stereoscopic panoramas using mobile phone and 
glasses or helmets of VR. However, there are some problems 
that do not allow the user to fully enjoy the benefits of the 
technology. For example, it is the absence of effective methods 
to capture spherical panoramas using a single camera of a 
mobile phone. Besides, there are no social services for storage 
and viewing of stereoscopic images. As a result, people have to 
view a limited number of collection images that were created 
by photographers and designers, while the level of technology 
currently allow to generate, store and view own stereoscopic 
images. 

II. APPLICATION DEVELOPMENT

These algorithms assume a 3-parameter rotational motion 
model, that is more reliable and useful. However, such method 
will have a little more unknowns. In this algorithm the camera’s 
focal length is important, so the main purpose is to develop a 
method for computing an initial focal length estimate based on 
the image registration process. Image registration (mapping, 
overlay) – a procedure for finding the best match between the 
pixels of image data. For successful implementation of this 
procedure the image should be similar to each other: the second 
image may be obtained (or portion thereof) by converting the 
first image (or any part thereof). In addition, it is necessary that 
the images in themselves must be in the approximate 
accordance, that is an initial approximation, which will search 
for the best images of the respective parameters must be set. In 
addition, the closing operation algorithms assemble "slot" (or 
reverse "overlap") due to the accumulated registration errors 
after a full panoramic sequence. The advantages of this 
algorithm is that we apply it to a sequence of images taken with 
a portable mobile phone camera. 

In this paper, we present a set of mosaic change. Each 
transform corresponds to one frame image in the input image 
sequence, and is a correspondence between the image pixels 
and the viewing direction, that is, is a matrix camera [2]. During 
the crosslinking process, this approach does not provide any 
evidence to the final output representations (e.g., spherical or 

ISBN: 978-1-4673-9378-2 ©2016 IEEE 324



cylindrical) that avoids singularities associated with such 
views. 

Once the mosaic is built, it can be displayed in a cylindrical 
or spherical coordinates. However, such specialized 
representation are not necessary and are only a certain range of 
geometry and texture coordinate investments. Instead, we will 
determine how to convert our mosaic on the "card environment" 
[3], that is, how to display our mosaic texture to any polyhedron 
surrounding the origin. "Surrounded" - a 3D image of the scene 
in the form of textures used to simulate reflections on objects. 
This allows you to use the standard three-dimensional graphical 
interfaces and formats of 3D-models, and use three-
dimensional graphics accelerators for texture mapping [4]. 

Implementation of capturing stereoscopic spherical 
panoramas based on certain algorithms perform splicing frames 
for each pan individually. Next we get a stereo pair of two 
panoramas for the right and left eye, which can be adapted to 
most of the existing VR devices. 

Figure 1. Block diagram describing the gluing of frames 
received in the panoramic view. 

The background to the shooting interface point is a virtual 
"floor", consisting of a square "tiles", the corners of which are 
shown light cross-shaped marks. The position of the floor 
responds only to the evidence accelerometer, so it does not 
rotate when you turn the device around a vertical axis parallel 
to the action of gravity. Above the floor is a virtual sphere in 
which are placed photos of which will be composed of a 
spherical panorama. At the same time, after the capture of one 
frame sign appears, shifted a few centimeters to the right. This 
algorithm allows to compose a second sphere for the right eye, 
which the user does not see on the screen. 

The first such point is always located at the center line and 
in the place where the "line of sight" for the first time crosses 
the center line. After the first image was taken, the following 
shots should be made in the same orientation (portrait or 
landscape), and according to this information camera puts the 
corresponding number of points on the parallels of the sphere; 
moreover, the background "floor" begins to respond to the 
rotation around the vertical axis. The point of the first image 
becomes the central point in the rectangle, shaped after 
transforming  sphere into a plane. 

If the device is twisted or if you rotate it too fast (so that the 
image is smeared), the application will warn you about this. 
These algorithms are being developed. After performing the 
above procedure, using specific algorithms bonding is 
performed for each frame in the pan separately.  

To view correctly took the entire spherical surface of the 
virtual scene, you need to implement two main tasks (Figure 2.) 

Figure 2. Implementation of spherical mapping textures 
using OpenGL. 

Generating a full display image texture: 
Step 1: For each pixel (i, j) in the output image display data 

calculate polar coordinates (theta, phi): 
a) Normalization of origin

 
 

where (x, y) are in the range from -1 to 1, 
b) Preparation of polar coordinates

 
 

где  и  

Step 2: Calculate the corresponding 3D vector position 
(display beam from the center), indicating the unit sphere 

 

Step 3: For each row define its display in each image k, using 
; 

Where p'- 2D point in the image, Rk - total rotation matrix, 

. 

Step 4: Mixing 
Each pixel is weighted with the distance to the nearest edge 

of the image n-th degree: 

 

where n = 3 
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Figure 3. Finding the weight of the pixel closest to the three 
borders 

The resulting spherical texture mapping using OpenGL: 
 Create a sphere. 
 Loading of the output image. 
 Implementation of texture mapping using 

OpenGL functions. 
 Design a simple and convenient user 

interface. 

Сonclusion and future work 
In this work we have been considered a software 

development concept for the capture and visualization of 
stereoscopic images for mobile devices that interact with the 
VR devices. The paper presents an approach to the creation of 
a full spherical panorama mosaic of the captured image 
sequences. Unlike current methods for panorama stitching, 
which generally require pure horizontal camera pan, this system 
does not require strict limitations associated with how the 
images are taken (as long as there will be no strong motion 

parallax). For example, pictures taken with mobile phone 
cameras can easily be stitched into a panorama mosaic. They 
were presented mosaic image subjected to a plurality of 
transformations which shows the absence of singular problems, 
for example, existing at the top and bottom of the cylindrical or 
spherical panorama. This algorithm is fast and reliable, because 
it restores the 3D rotation, instead of using a standard algorithm 
for transforming a flat outlook for 8 parameters. Also provided 
methods of reconstructing the focal distance of the camera. By 
comparison the mosaic of arbitrary polyhedron structure, 
shooting environment, we can re-create the virtual environment 
with tools for the development of the Android SDK and 
OpenGL libraries and plug OpenCV. 

Considered shooting mosaic panorama for right and left eyes 
(to achieve the stereoscopic effect), were analyzed by the idea 
of a planar stereoscopic panoramas using a single camera. This 
paper presents algorithms for creating spherical panoramas for 
a single point of view. Similar operations will be carried out the 
shooting and gluing and for the other eye, but under a different 
elevation angle. 
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