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ABSTRACT 

Nowadays, stereoscopic vision is one of the mechanisms for viewing three-dimensional (3D) with the fastest 
growth, due to it requiring only two images with different perspective without any treatment, for playing 3D environments. 
The vision 3D provides more realistic scenes unlike 2D, facilitating a better understanding and interaction with these 
images, among other advantages. This generates a wide field for the development of applications in medicine and 
education mainly. In this paper, the results of a system for a remote video viewing in 3D are presented, obtaining a way to 
transmit stereoscopic video from two webcams continuously disregarding the handled band width and with the best 
possible quality. 
 
Keywords: internet information service (IIS), TCP/IP, user datagram protocol (UPD), smooth streaming (SS), smooth streaming transport 
protocol (SSTP), stereoscopic 3D (S3D). 
 
INTRODUCTION 

The stereoscopic video remote viewing is based 
on a real scenario in 3D, which can be viewed from any 
remote device over the Web. This application is new and 
unusual, due to until a few years ago it began to develop 
the first tools, in order to watch videos from a web 
application in 3D. Among the most important tools are 
Microsoft Silverlight® (MS) and IIS©, allowing to start 
developments in this field(Bishop, Kim, & Swaminathan, 
2012). 

To implement a video system S3D (Stereoscopic 
3D) Remote in real-time, it is necessary an encoder and 
decoder, a web server, and a mechanism of stereoscopic 
vision, for later viewing of 3D scene(Bishop, Kim, & 
Swaminathan, 2012),(Capell Muñoz, 2006). Among the 
different tools, are highlighted the use of stereoscopic and 
IP cameras, programs such as Stereoscopic Player and 
Stereoscopic Multiplexer, responsible for play and capture 
video in 3D from different sources like internet, offered by 
the company 3dtv.at ©. In addition, nanostream Live 
Video Encoder, which is a program for capturing and 
encoding video for playbacks in live, offered by the 
company nanocosmos ©. And those used in this 
application which are Microsoft Silverlight web 
application (MSWA), Microsoft Expression ® Encoder 
(MEE ) and Internet Information Service (IIS©) 
subsequently explained. 

Developments with greater scope in the field of 
teleoperation are presented in(Capell Muñoz, 2006), 
(Wimmer, 2004),(Martín Carabias, Requero García, & 
Rodríguez Salor, 2010), where are displayed and 
controlled robotic tasks remotely in 3D, with different 
applications in the field of medical robotics, among others. 
In (Shete, Sarode, & Bose, 2013)in the same way it is held 
developments in teleoperation, with the difference on the 
type of cameras used, due to in(Capell Muñoz, 2006)they 
worked with Web cameras and (Shete, Sarode, & Bose, 
2013) with IP cameras, that are more robust to be able to 
encode and convey the image without a computer. In 
(Hoecker & Kunze, 2013) and (Piroddi & Snell Ltd, 
2010), various designs for implementing a stereoscopic 

remote system are shown under a single philosophy, with 
different protocols and / or components used in each of 
these developments. In (Rodríguez, 2012), (Yu, Thorpe, 
Yu, Grauer-Gray, Feng, & Yu, 2011), (Blenn, Festenberg, 
Spehr, & Gumhold, 2010), (Yanagida, Shintaro, Seiichiro, 
Maeda, & Tachi, 2001), (Lang, Hornung, Wang, Poulakos, 
Smolic, & Gross, 2010) and (Austral Technologies Ltda, 
2007) studies were developed in specific encoding 
formats, transmission protocols, technologies used, and the 
different types of stereo vision, as the reproduction and 
image construction. 

From the presented developments, it can be 
consider that stereoscopic visualization has a strong focus 
in the medicine field of teleoperation. In addition, due to 
technological developments, 3D applications have taken 
more strength, to create environments more realistic, and 
with more interaction from the user. That is why is 
presented in this paper the results of an application 
displaying a remote scenario in 3D format. Capturing 
video of a real scenario, using two web cameras with 
different perspective, simulating the left and right eye 
respectively. The video coding is performed using MEE to 
publish it on a local server using IIS®. Thereafter, 
decoding is developed on a Web application created from 
MSWA, to be finally viewed from any remote device. As 
a main result, a stereoscopic viewing of a remote 
environment was achieved, that provided a reproduction of 
the scene with the best relationship between the bandwidth 
supported by the user, and the quality of encoding and 
visualization of video, always delivering the best possible 
quality. 

This paper is organized in a first section in which, 
an introduction of a video S3D SS scheme is performed. In 
a second section, the architecture of the application is 
presented and broken down each of the components and 
software used, explaining their utility and contribution to 
the application. In section three, is presented the 
implementation of the web application and the server to 
display a 3D scene. In section four, the results of the 
application are shown. Finally, in section five the 
conclusions are presented. 

mailto:dario.amaya@unimilitar.edu.co


                                    VOL. 12, NO. 1, JANUARY 2017                                                                                                          ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                283 

METHODS AND MATERIALS 
This paper develops an application for the 

purpose to acquire, 2D video of a scene located remotely 
through internet, using two previously calibrated webcams 
and playing that scene in 3D as a stereoscopic display 
technique, connecting to a web page that shows the image 
acquired. The development of the application is presented 
step by step. Figure-1 shows the sending implementation 
scheme. 
 

 
 

Figure-1. Acquisition and visualization scheme of 
video S3D SS. 

 
Acquisition 

For the video acquisition, two webcams Genius E 
FACE model 1325R were chosen due to their 
accessibility, quality and their low price. Additionally for 
video processing a video card NvidiaQuadro FX 3450 was 
acquired. 

Initially, it was necessary to calibrate the cameras 
with the purpose of producing the stereoscopic effect by 
the model shown inFigure-2. 
 

 
 

Figure-2. Calibration stereoscopic vision 
cameras model. 

 
Where W represents the focus point of interest, 

the nit is processed by the sensor of both cameras and 
hence the disparity depends on the separation of the 
cameras (B), the focal length of the camera lens (λ), and 
the distance from the cameras to the real point (Zw). 

The process of capturing an image is produced 
with a translation of axis X, followed by a perspective 

transformation, the coordinates of projection of the left 
camera is defined in equations (1) and (2). 
 𝑖 , = 𝜆 ∗ +𝐵2𝜆−                                                            (1) 

 𝑖 , = 𝜆 ∗ 𝜆−                                                                     (2) 

 
Similarly the equations (3) and (4) show the 

coordinates of image projection for the right camera. 
 𝑟 , = 𝜆 ∗ −𝐵2𝜆−                                                           (3) 

 𝑟 , = 𝜆 ∗ 𝜆−                                                                    (4) 

 
If the cameras are correctly aligned the vertical 

parallax would be eliminated, so it is only necessary to 
focus on the horizontal disparity dh,p, which is obtained by 
subtracting the X coordinate of the left camera xi, from the 
X coordinate of the right camera xr, as shown in equation 
5. 
 ℎ,𝑝 =  𝑟 − 𝑖                                                                 (5) 
 

By replacing the equations (1) and (3) in (5), the 
horizontal disparity is obtained in Equation (6). 
 ℎ,𝑝 = 𝜆 ∗ − 𝐵𝜆−                                                          (6) 

 
This equation defines that such disparity would 

increase with the separation of the cameras (B), and with 
the focal length λ. Then, by calibrating the camera 
correctly, disparity or any kind of serious distortions 
would not occur.(Capell Muñoz, 2006). 

To develop the stereoscopic vision system, the 
scene is located in the Z axis at 2.91 m, the distance 
between the focus and the rear camera is 3.2 cm and the 
distance between focuses is 6.31 cm. By replacing these 
values in equation 6, the horizontal disparity is equal to 
 

ℎ,𝑝 = .  𝑚 ∗ − .  𝑚.  𝑚 − 9  𝑚 = .  𝑚 

 
The obtained horizontal disparity is negligible 

meaning that the cameras are calibratedfor this 
application. 
 
Compression and coding 
 
Both processes were performed using the MEE 

program 

To compress and transmit the video over internet 
is necessary to encode it, for this purpose there are various 
encoders or codecs, among the most common are MPEG-
2, VC-1, H.264 or commonly known as MPEG-4, etc. 
(Capell Muñoz, 2006), (Fernández Escribano, Kalva, 
Martínez, Cuenca, Orozco Barbosa, & Garrido, 2010). 
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Each codec differs from the others in the video quality, the 
number of frames per second (fps), and the transmission 
rate. These features depend on each other, in order to 
improve the quality of the videothe transmission speed 
must be sacrificed, and vice versa (Bishop, Kim, & 
Swaminathan, 2012). 

This project uses the H.264 encoding, due to it 
having the best performanceof all the available codecs 
from MEE. Additionally, it was developed for multimedia 
web oriented applications (Capell Muñoz, 2006),(Ming 
Jun, Do Kyoung, & Alan C, 2012), having the same 
quality of video of a MPEG-2, while reducing its video 
storage space by half, so the bandwidth to stream this 
video is also reduced significantly(Fernández Escribano, 
Kalva, Martínez, Cuenca, Orozco Barbosa, & Garrido, 
2010), making this codec ideal for the development of this 
project. 

The coding of the cameras was performed 
separately, using transmission rate of 2408 Kbps with the 
H.264 SS 720pcodec, at a resolution of 640x480 and 
published in a public spot, created by IIS©. 
 
Transmission 

This project uses Smooth Streaming Transport 
Protocol (SSTP), developed by Microsoft and applied to 
IIS©, which provides a way to deliver audiovisual content 
from the server to the clients, in a way where cache can be 
stored, using the standard HTTP cache proxies, enabling a 
response from the protocol instead of the server, achieving 
an increase in the number of clients that can be connected 
to the server with the same speed and quality. (Microsoft 
Corporation, 2012) 

The implementation scheme for the reception of 
the video is shown in Figure-3. 
 

 
 

Figure-3. Architecture of video S3D SS visualization. 
 
Decompression 

This application is developed using MSWA, 
which allows the creation of Web application under HML 
and C#programming, following the class diagram shown 
in Figure-4. 

In this scheme the assignments are shown by 
arrowsfor both writing (solid line) and reading (dashed 
line), between different classes, methods and fields. 
Initially the Web application has its origin in the App 
class, where different methods for basic operation (start, 
exit, exception handling, etc.) are stored. Once the 
application is loaded by Application_Startup method, is 
connected with the MainPage class, which it has all its 
behaviors. Methods such as Play_Click, Pause_Click and 
Stop_Click, control the operation of the two videos. The 
Main_Threadfunction is responsible for reading the 
rendered frames parallel to playback the video through the 
thread called “Proccess”. The Play, Pause and Stop fields 

invoke the relevant functions to control video elements, 
which in this case are appointed Right_CamandLeft_Cam 
respectively. 

MSWA includes a compendium of resources for 
the development of Web sites and applications, the 
MediaElement class was used in this case, which is 
connected to the local server acquiring the image from the 
two cameras, in order to playback both of them in the web 
application, as is shown in the following line of program 
code. 
 

 
 

Figure-4. Class diagram for web application. 
 

 
 

In “Source” the URI address is specified,where 
the video is stored, according to the address created by 
IIS©. 

As a consequence that two coded videos are 
needed, two Media Element are necessary. Thus, the web 
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application design needs to be composed by a panel 
divided by the middle in which each Media Element is 
published, as shown in Figure-5. 
 

 
 

Figure-5.Web application design. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure-6. Results of transfer rate, codec VC-1 256k DSL. 
 
3D Visualization 

Video content was tested using the Monitor LG 
3D 2343P Series, and visualized using a 3D active glasses 
BR250 Sony with stereoscopic technology as shown in 
Figure-7. 
 

 
 

Figure-7. Operation of stereoscopic display. 

RESULTS 

Initially, the image of two webcams is acquired 
by compressing and encoding them with MEE. The 
program allows encoding in different formats and 
resolutions, which as explained above, each codec handles 
a relationship between quality and speed of transmission, 
where H.264 showed the best results. In order to check the 
performance of the codec, a test was performed by 
measuring the rate of charge at different fps and later 
compared with the codec VC-1 256k DSL. The latter 
operates at a speed of 150 Kbps and does not handle the 
SSTP protocol.Figure-5shows the transmission rate vs 
time relationship (measured in fps), obtained through the 
VC-1 256k DSL codec. The maximum transfer rate for 
this codec is 15 fps. 

Additionally, in Figure-7 can be noticed that as 
long as the transfer rate increases the settling time 
decreases. In Figure-8the results obtained with the H.264 
codec are shown, which works under the SSTP protocol 
and has a maximum transfer rate of 30 fps. 
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In Figure-8, unlike Figure-5, the relationship 
between time and speed transmission is superior, due to 
comparing the same transfer rate between both graphics, in 
the second one the required settling time is lower. 
Additionally, the second protocol allows higher transfer 
rates than the first one. This is possible due to the SSTP 
protocol being the main feature of the second codec, 
where regardless the broadband speed that the client 
handles, this protocol will ensure the same settling time in 
all cases. 

For the transfer rate of 25 fps, it can be stated that 
this transfer rate is the one with the lesser settling time, 
caused by the speed range it handles (24-26 fps or 24 to 26 
Hz). These speeds are reserved for video transmission in 
the cinema, ensuring the best performance at this transfer 
rate. 

Afterwards, the video was uploaded in IIS©, with 
a specific URI. Then, the video was connected with the 

server through the Web application, designedin MSWA 
and shown in Figure-8. 
 

 
 

Figure-8. Web application. 

 

 
 

Figure-9. Results of transfer rate, codec H.264. 

 

CONCLUSIONS 

In general, from the studied codecs for the 
transmission of stereoscopic video, the H.264 codec was 
the one with the best performance, showing not only a 
good transmission quality, a stable connection and a low 
data loss, but also the capacity to offer a protocol where 
the same settling time is offered for all the different 
transfer rates. 

Compared to the H.264 coded, the VC-1 256k 
DSL codec has a few advantages like a lesser settling time 
in low speed transmissions (5 and 10 fps), being a good 
option for applications where the bandwidth connection is 
poor. 

The SS technologies, developed in recent years 
by Microsoft® allows programmers and Web designers, 
offer a better experience to its users, to be able to enjoy 

high-definition video at speeds of increasingly lower 
transmission and regardless of the existing network traffic, 
making this technology an option for transmitting live 
video over the Internet. 

By working under SSTP protocol, multimedia 
content transmissions can be played without pauses, 
without distortion, in real time and always offering the 
best quality at the allowed bandwidth. Unlike other 
protocols, it reduces the amount of data to transmit; 
delivering HD quality with shorter bandwidths, and 
finally, it allows to transmit more than two audiovisual 
content without delays, enabling stereoscopic video for 
remote scenarios from any type of player. 

Working under a universal platform of 
programming as it is C#, or Silver light, the design, the 



                                    VOL. 12, NO. 1, JANUARY 2017                                                                                                          ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                287 

uploading to internet and the programming of Web 
applications becomes faster. 
 
ACKNOWLEDGEMENTS 

The authors express their gratitude to the 
Research Vicechancellorship of the “Universidad Militar 
Nueva Granada”, for financing the project ING 
1339developed in 2014. 
 
REFERENCES 

 
[1] M. Bishop, H. Kim and V. Swaminathan. 2012. Live 

capture, rectification, and streaming of stereoscopic 
internet video for casual users. in 3DTV-Conference: 
The True Vision - Capture, Transmission and Display 
of 3D Video (3DTV-CON), 2012, Zurich. 

[2] I. Capell Muñoz. 2006. Sistema estereoscópico para 
teleoperación asistida y supervisión de tareas 
robotizadas. Barcelona, 2006. 

[3] P. Wimmer. 2004. Aufnahme und 
Wiedergabestereoskopischer Videos 
imAnwendungsbereich der 
Telekooperation.Angefertigt am 
InstitutfürTelekooperation der Johannes Kepler 
Universität Linz, Linz. 

[4] D. Martín Carabias, R. Requero García and J. A. 
Rodríguez Salor. 2010. Sistema de Visión 
Estereoscópica para Navegación Autónoma de 
vehículos no tripulados. Universidad Complutense de 
Madrid, Madrid. 

[5] P. P. Shete, D. M. Sarode and S. K. Bose. 2013. A 
real-time stereoscopic viewer for telerobotics using 
open source software. IEEE. pp. 31-36. 

[6] M. Hoecker and M. Kunze. 2013. An on-demand 
scaling stereoscopic 3D video streaming service in the 
cloud. Journal of Cloud Computing: Advances, 
Systems and Applications. 2: 10. 

[7] R. Piroddi and Snell Ltd, "Snell," Snell, Abril 2010. 
[Online]. Available: 
http://www.snellgroup.com/documents/white-
papers/white-paper-stereoscopic_3d_technologies.pdf. 
[Accessed 21 Julio 2014]. 

[8] Á. C. Rodríguez. 2012. Diseñador de espacios 3D con 
realidad aumentada, realidad virtual, y edición online 
del entorno.Universidad De Valladolid, Valladolid. 

[9] Z. Yu, C. Thorpe, X. Yu, S. Grauer-Gray, L. Feng and 
J. Yu. 2011. Dynamic Depth of Field on Live Video 

Streams: A Stereo Solution. in Computer Graphics 
International 2011, University of Delaware. 

[10] N. Blenn, N. v. Festenberg, M. Spehr and S. 
Gumhold. 2010. A Tool for Automatic Preprocessing 
Stereoscopic-Video. SPIE Proceedings: Stereoscopic 
Displays and Applications XXI, vol. 7524. 

[11] Y. Yanagida, S. Shintaro, Y. Seiichiro, T. Maeda and 
S. Tachi. 2001. A Head-Tracked, Live-Video-Based 
Telexistence System Using a Fixed Screen.in ATR 
Media Information Science Laboratories, Kyoto. 

[12] M. Lang, A. Hornung, O. Wang, S. Poulakos, A. 
Smolic and M. Gross. 2010. Nonlinear Disparity 
Mapping for Stereoscopic 3D.in ACM Transactions 
on Graphics, Zurich..  

[13] Austral Technologies Ltda. 2007. Fast Deployment 
Semi-Autonomous Distributed System for Real Time 
Augmented Reality Diving. Valparaíso. 

[14] G. Fernández Escribano, H. Kalva, J. L. Martínez, P. 
Cuenca, L. Orozco Barbosa and A. Garrido. 2010. An 
MPEG-2 to H.264 Video Transcoder in the Baseline 
Profile. Circuits and Systems for Video Technology, 
IEEE Transactions on. 20(5): 763-768.  

[15] C. Ming Jun, K. Do Kyoung and B. Alan C. 2012. 
Study of subject agreement on stereoscopic video 
quality. Image Analysis and Interpretation (SSIAI), 
2012 IEEE Southwest Symposium on. pp. 173-176. 

[16] Microsoft Corporation. 2014. MSDN - The Microsoft 
Developer Network. 5 Julio 2012. [Online]. 
Available: http://msdn.microsoft.com/en-
us/library/ff469518.aspx. [Accessed 24 Julio 2014]. 

[17] Microsoft. 2014. Microsoft Silverlight. Microsoft, 
Julio 2014. [Online]. Available: 
http://www.microsoft.com/silverlight/smoothstreamin
g/. [Accessed 22 Julio 2014]. 

[18] C. Chia Jung, C. Rong Guey and H. Chih Wen. 2011. 
Wireless Smooth Data Streaming on Application 
Layer. in Embedded and Ubiquitous Computing 
(EUC), 2011 IFIP 9th International Conference on, 
Melbourne, VIC. 

[19] M. F. Dueñas Cornejo and O. E. Hurtado Gonzáles. 
2008. Control de un Robot con Acceso desde un 
servidor Web Utilizando Matlab. Repositorio 
Universidad Pontificia Bolivariana, Bucaramanaga. 



                                    VOL. 12, NO. 1, JANUARY 2017                                                                                                          ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                288 

[20] S. Heinzle, P. Greisen, D. Gallup, C. Chen, D. Saner, 
A. Smolic, A. Burg, W. Matusik and M. Gross. 2011. 
Computational Stereo Camera System with 
Programmable Control Loop. ACM Transactions on 
Graphics. 30(4): 1-10. 


