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Abstract 
 

For a while ago during a contact from “sotningsdistriktet I Karlskrona” design of an 
inspection system was discussed where the system should inspect a wide field of view. The 
“sotningsdistriktet I Karlskrona” is a chimneysweeper society, which performs cleaning, and 
inspection of fire protection in the fireplaces and solid burning protection. The available 
commercial inspection systems, which are used today, have disadvantages like as their size and 
flexibility (often a mechanical solution is used to inspect a 180 degree of the inspection filed). 
 

In designing of such an inspection system which can fulfill the requirement of 
“sotningsdistriktet I Karlskrona” in another project (not current project) we are going to use 3 
PicoEndo cameras which are placed at 90 degrees to each other. The signal of each camera is 
sampled and combined as a panoramic image by a hardware solution. Finding the suitable 
hardware, which can perform in real time, is one of the purposes of that project. Optimizing the 
panoramic algorithm is another goal of that project. 
 

By having the panorama images from the other project (which are fused image of the three 
camera images) in this project we are going to send the panorama images using wireless to an 
IPhone. One of the goals of the project is to find a real time transferring solution. As far as 
hardware solutions for wireless data transferring has difficulty to be in real time other solutions 
such as compressive sampling (or compressed sensing) is examined. Another goal is to design an 
application interface on the IPhone in which user will be able to receive the real time images for 
visual inspection and also has the possibility to save and/or archive the image/images. 
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Chapter 1 
Introduction 
 
1.1 Introduction 
 

In this chapter we will discuss about the Streaming procedure, previous study about the 
streaming video [13] and current implemented trends and an overview of desired parameters. 
 
1.2 Background and Previous works 
 

Nowadays video surveillance has a major role in our life. We can see a live video 
surveillance in office, home, street etc.., for monitoring, analyzing and many more applications. 
Live video streaming from one device to another using Internet is the common thing, which is 
being used these days in many applications like as home security [1], traffic control, defense 
systems and more. This can be done by using IP camera which serves as a transmitter using its 
connection to Internet and an assigned IP address and can be accessed by receivers at the other 
end which can be computers and mobile phones as they can be monitored all the time. The fig-
1.1 and 1.2 below shows how video monitoring is done in home security. 
 

There are many more areas where this method is been implemented such as in the 
military where they can control an unmanned combat tank from the command Centre with a 
camera and control system fitted to the Tank and UAV [2]. 
 

 
 
       Fig-1.1 Monitoring and recording of home surveillance. 
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Fig-1.2 Communication b/w hardware components. 

 
There are many different cameras in use recent days for video streaming. Among them 

are web camera, Spider camera, IP camera, motion camera, wireless security cameras. All these 
cameras are used in different fields but serves for a single purpose called video streaming [3] (or) 
video surveillance. The above cameras use Internet to stream the video to receiver. Spider 
camera which is the most famous camera used in sports like cricket, football etc.., is showing the 
event in different angles, where a transmitter cable sends the video to the receiver using internet; 
streaming live video with few seconds of delay. 
 

In many cases these cameras have some disadvantages like poor quality, low bit rate, or 
frame drop. So we are using a new type of camera called PicoEndo camera [4] that can 
overcome the disadvantages of other cameras and best suitable for our thesis and can produce 
better results as expected. 
 
1.3 Research Aim and Objective 
 

The main aim of this thesis is to find a communication method to stream live video to 
IPhone. So, we are going to find out the proper procedure to stream video to IPhone, techniques 
and protocols involved in it and also a hardware device, which can make the goal of this thesis 
possible. 
 

The goal of this thesis is to test and verify different devices and come to a conclusion 
that, which hardware is better compared to others. For this comparison we are considering 
parameters like as frame rate, transmission time, quality of the video, cost computation etc… 
1.4 Overview of desired parameters 
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According to the project plan, we have to stream live video feed from camera to IPhone. 

So, in order to achieve this we need to study about the cameras and hardware. 
 

Firstly we will discuss about the cameras. There are different cameras like webcam, 
spider cam, IP cam and more. But in our thesis we want the camera to be flexible, portable, as 
much as possible small in size and can produce a high quality video. Nowadays in the field of 
medicine a new type of camera called PicoEndo camera is been used for Endoscopy. It has a size 
of 3mm diameter and can produce a high quality video. After detailed examining and study we 
have decided to go with PicoEndo camera as it suits best our thesis. 
 

Secondly we will discuss about the hardware. In order to stream video from camera to 
IPhone, there should be a medium to do this. When we consider a computer or laptop as a 
medium, its use is practically impossible as we need a small portable device in order to do this 
and that portable device will serve as a server and stream the video to IPhone. When we have 
decided to use a portable device, we faced several options. However we found new generation of 
palm computers more interested for our work. Their recent availability has opened new 
possibilities not only for smart phone industries but also for computer vision processing 
applications like as our project. 
 

The required device should have the capability to use computer vision and OpenCV [5] 
algorithms. The platform will communicate with outside world using Wi-Fi (or) Bluetooth. So 
we have decided to use an embedded Linux board. 
 

Choosing an embedded Linux board is not so easy. Many factors like price of the board, 
size of the board, features and power requirements should be taken into consideration. For the 
project, it was decided to keep the price to 350USD as limit, size should be around 12x12 cm 
and the power requirements should be less than 1 ampere at 5v and it should have connectivity 
features like as USB, Ethernet, Wi-Fi and should have on-board video and audio controllers. 
 

After detailed study and considering the above criteria, A few boards that can offer these 
features were considered. They are Gumstix [6], Beagle board [7], Panda board [8] and Leopard 
board [9]. By comparing all the features of the boards, a Panda board was considered to be the 
perfect hardware medium to stream live video to IPhone. 
 
1.5 Thesis outline 
 

In outline the upcoming chapters are discussed. 
 

In chapter 2, we will discuss about the software and hardware development, which soft 
wares are required to run the hardware and which hardware is used. 
 

In chapter 3, we will discuss about the developed procedure using all hardware and 
software which are used in order to complete this project. We will also discuss about the 
implemented methodology and the protocols. 
 

In chapter 4, we will discuss about the obtained results and their related parameters and 
also how those results are obtained. The test results are analyzed and concluded. 
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Software and Hardware development 
 
2.1 Hardware development 
 

In this chapter we will discuss about the hardware, which are used in order to make the 
project efficient and easy. 
 

There are four hardware equipment that are used in this project, which are interlinked to 
each other in the development and completion of this project. Those are PicoEndo camera, Panda 
board, MacBook and IPhone. The detailed descriptions of each implemented hardware are 
described in detail in the upcoming sections. 
 
2.1.1 PicoEndo camera 
 

PicoEndo camera is one of the world’s smallest and finest cameras which is used in the 
present applications. It has a dimension of 3mm in diameter. It has been emerged from 
“NANOTECHNOLOGY” mainly focusing on image processing. It has a capability to produce 
25-30fps. This camera is currently been used in the filed of medicine for Endoscopy by doctors 
to visualize the inner part of the body. Below fig-2.1 shows three PicoEndo cameras which are 
used to capture a panorama image. 
 

 
 
Fig-2.1 Three PicoEndo cameras are shown in a setup which makes it possible to capture a panorama image. 

 
 
2.1.2 Panda board ES 
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Panda Board ES is a low-powered, low-cost single-board computer, which is based on 

OMAP4430 system on chip (SOC). It has CPU and GPU running at higher clock rates when 
compared with normal Panda board. 
 

The main features of Panda Board ES is that it has dual-core 1.2GHz CPU and 384MHz 
GPU. It can generate a video with 1080P and has a 3D graphics accelerator. The details and the 
ports available are shown in fig-2.2 below. 
 

 
 
Fig-2.2 The Panda Board ES is shown. 

 
The Accessories required to operate a Panda Board ES are listed below. 

 
1.5V power supply. 
2. SD card 8GB+. 
3. USB to serial cable. 
4. RJ 45 Ethernet cable. 
5. USB (min-A to type-A USB) cable. 
6. DVI or HDMI cable. 
7. USB keyboard and mouse. 
8. LCD display. 
9. UBUNTU Operating system. 
 
 
 
 
2.1.3 MacBook Pro 
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MacBook Pro is a line of Macintosh portable computers introduced by Apple Inc.., in 

January 2006. It is a high-end model of MacBook family. It uses Intel core processors instead of 
PowerPC G4 chips. It consists of 2.3GHz Intel core I5 processor with Thunderbolt technology 
and the memory id 4GB 1333MHz DDR3. It uses Intel HD graphics 3000 384MB DDR3 SD 
RAM as well as 512MB BDDR5 memory. It has an integrated 802.11 a/b/g/n (BCM4331 3x3 
chipset).  
 
2.1.4 IPhone 
 

IPhone is a line of smartphones designed, developed and marketed by Apple Inc. The 
first IPhone was released on June 29th, 2007. The latest version is IPhone 5, which is released on 
September 21st, 2012. The user interface is built around the device’s touch screen, including a 
virtual keyboard. It has also Wi-Fi and cellular connectivity (2G, 3G& 4G). 
 

IPhone has features of taking photos, videos, playing music, send & receive emails, 
browse internet, play games, GPS navigation etc.., which can be downloaded in the form of 
App’s from Apple store online. 
 

IPhone has a separate operating system called IOS, developed by Apple Inc. itself. It has 
a CPU of 1.3GHz dual-core Apple A6 (considering latest IPhone 5) with a memory of 1GB 
LPDR2 DRAM and has a display of 4.0 in (100mm); 16:9 aspect ratio, 136x640 Px resolution at 
326 ppi. The graphics used is PowerVR SGX543MP3 (3-core) GPU. 
 

IPhone is capable of supporting bundled and future Applications from Apple as well as 
from Third-party Developers. The Applications that are developed in MacOSX cannot be copied 
directly but should be written and compiled Specifically for IOS using Xcode as a tool. Fig-2.4 
shows the IPhone series. 
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Fig-2.3 IPhone series are shown. 

 
2.2 Software development 
 

In this section we will discuss in detail about the programming languages and the tools, 
which are used in order to develop this project. 
 
2.2.1 Programming languages 
 

In this section we will see the programming languages and the tools, which are used, and 
the reasons why only these are considered rather than others. The main program has been 
divided into two sections namely transmission side and receiving side. So we will have two 
different Programming languages that are equally important. In the transmission side C++ is 
used as major programming language and in the receiving side Objective-C as major 
programming language. 
 

Now we will see why only these have been chosen when compared to other programming 
languages and descriptions of each are discussed in next sections. 
 
2.2.2 C++ 
 

C++ is also called as Object oriented programming language that has high speed floating 
point computation. It is considered as an intermediate-level language, as it consists of both high-
level and low-level language features. It is used in high-performance server and client 
applications and also in image processing which is main part of our thesis. Considering these 
criteria, we have chosen C++ as main programming language. 
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In C++ we have large database of libraries, each focused on different filed. The main 

library that is used in our thesis is OpenCV. 
 

OpenCV is a free library source, which is mainly based on real-computer vision and 
image processing. It is a multi-platform library that can work in an Operating system based on 
Linux, MacOSX, IOS, Android and windows. It covers the areas regarding computer vision, face 
recognition, camera calibration, stitching images and many more. In our thesis we are about to 
use stitching algorithm and computer vision, so OpenCV also play a major role in the completion 
of this project. 
 
2.2.3 Objective-C 
 

Objective-C is a high-level, object-oriented programming language. It is the main 
programming language used by Apple Inc. for OSX and IOS operating systems and their 
respective API’s. 
 

Objective-C is the only programming language recognized and used by IOS and 
MacOSX devices and the App’s can be developed using this language. In order to develop an 
App using Objective-C, we need a compiler, called Xcode, which is available only in MacBook 
and runs on MacOSX operating systems. 
 

Xcode is an integrated development environment (IDE) containing a suite of software 
development tools introduce by Apple for developing software and Applications for OSX and 
IOS devices. It consists of a built-in interface builder, which is used to construct graphical user 
interfaces. It supports C, C++, Objective-C, java, Apple script, Python and ruby source code. It 
also supports OpenCV libraries. 
 

So, the reason why C++, Objective-C and OpenCV are taken into consideration rejecting 
other languages is that these 3 languages can be interconnected using proper protocols and make 
our project a success. 
 
2.2.4 wxWidgets 
 

WxWidgets is a cross-platform GUI toolkit. It is compatible with bunch of languages that 
includes C++, perl and C#. Julian Smart first started this project of wxWidgets in 1992. This 
works on all major operating systems like windows, Linux, Unix and MacOSX. It provides a 
large variety of classes for handling streams, databases, threads etc. There are some other tools in 
similar to wxWidgets like Qt, Swing or SWT. But Qt is the closest competitor for wxWidgets in 
the world. 
 

WxWidgets was developed to provide a cheap and flexible way to maximize investment in 
GUI application development. While there are many other cross-platform development libraries, 
none of them met the following criteria. 
 

1. Low price. 
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2. Source availability. 
3. Simplicity of programming. 
4. Support for wide range of computers. 

 
The importance of using a platform-independent class library cannot be overstated, as GUI 

application development is time consuming. Even though wxWidgets may not be suitable for 
each application like OLE-intensive program, it provides access to functionality what GUI 
requires normally and also postscript output, network programming and HTML rendering. 
 

The main benefits of wxWidgets are free of cost, source availability, platform-independent, 
compatible with any C++ compilers, simple to use, object-oriented API, network support via a 
family of socket and protocol classes and more. It also supports multi-threading. 
 

In order to use wxWidgets, there are some pre-requisites that are to be fulfilled. Below are 
some requirements that are listed for different operating systems. 
 
 (a). Windows based PC: 
 
        1. It should have 32-bit or 64-bit PC running in MS windows. 
 
        2. Compilers: MS Visual C++, Borland C++, Cygwin, MinGW, Digital mars C++. Any of 
these compilers can be installed in order to run the wxWidgets.  
 
        3. Memory management: There should be at least 100MB of free space for building 
libraries and application that may depend on compiler and build settings. 
 
(b). Unix/Linux based PC: 
 

1. Should have any C++ compiler that includes GNU C++. 
 
2. Almost any workstation. If we are using wxX11 port, no such widget set is required. 

 
3. There should be at least 100MB of free space for building libraries and applications. 

 
(c). Mac OS/Mac OSX based PC: 
 

1. A Mac that runs on Mac OS 8,9 or Mac OSX 10.x. 
 
2. Apple developer tools like GNU C++. 

 
3. There should be at least 100MB of free space for building libraries and applications. 

 
WxWidgets consists of large group of helper classes that helps in completing our job, 

which includes classes for working with strings, XML files, streams, network. It is used to create 
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console and GUI applications. A menu bar is most visible parts of GUI application. It is a set of 
commands located in various menus. In console applications, one has to remember all the 
commands, but here those commands are grouped into logical parts. 
 
Configuring wxWidgets 
 

To start with configuring the wxWidgets, we need to download the source file from web 
as it is a free source and we can find details about configuration in setup.h and install.txt file. To 
configure scripts for wxWidgets, the corresponding setup.h files are generated automatically 
with suitable make files for Unix and other platforms. 

 
In windows, wxWidgets has different set of make files for each compiler because of each 

compiler’s ‘make’ tool is slightly different from others. Makefiles are provided for wxWidgets 
library itself. 
 

In Linux, Mac and OS/2, we use ‘configure’ command to generate the Makefiles 
automatically. With wxWidgets library there are other libraries and utilities such as Helpview, 
Tex2RTF, Helpgen, Emulator, XRC resource system, object Graphics Library, Frame Layout 
library, Gizmos library, Net library, Animate library, NMedia library and many more which are 
supported with it. 
 

In wxWidgets, we have a special library called wxSreams, which is used to stream data 
from one platform to another platform. The classes that come into this category are 
wxStreamBase, wxStreamBuffer, wxInputStream, wxOutputStream, wxFilterInputStream and 
wxFilterOutputStream. We are using wxStream library because some standard C++ streams can 
cause problem on different platforms. Some compilers refuse to work at all and using IOStreams 
on Linux writing programs, which are binary compatible in different Linux based operating 
systems. 
 

In order to overcome this problem, wxStreams have been added to wxWidgets so that the 
application can be compiled and run on all supported platforms. 
 
2.2.5 OpenCV 
 

OpenCV is a library of programming functions mainly based on computer vision that was 
developed by Intel. It is a cross-platform library mainly focusing on real-time image processing. 
Major application areas in which OpenCV is used are Ego motion estimation, Facial recognition, 
gesture recognition, mobile robotics, motion tracking, stitching images, artificial neural networks 
and many more. It was designed for computational efficiency. 
 

OpenCV uses C++ programming language as its primary interface. OpenCV runs in 
windows, IOS, Linux, OSX, Android, and Blackberry etc. As we are using a Linux based system 
and an IOS device, OpenCV is better for our thesis as we are streaming live video to IPhone. 
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For Linux Ubuntu: 
 

In order to install OpenCV in Ubuntu based PC, we need to open the terminal to issue the 
commands for the installation of OpenCV. Firstly we need to build essentials to get the compiler 
using sudo apt-get command. After that we need to install the required packages. Then we need 
to download Untar version of OpenCV in order to untar the .tar file. After doing so the 
installation of OpenCV takes place. In order to check whether it is done or not we can run a 
sample program for cross verification. 
 
For IOS: 
 

OpenCV for IOS has made a good progress in the field of video streaming. In present 
days, video streaming in IPhone or video chatting in IPhone is made possible only because of 
OpenCV libraries. 
 

In order to install OpenCV in IOS, there are two packages that are required. 
 

1. CMake 2.8.8 or higher. 
 
2. Xcode 4.2 or higher. 

 
Firstly we need to build OpenCV from source using CMake and command line. 

 
1. Make symbolic link for Xcode to let OpenCV build the scripts that finds the compiler, 

header files etc. 
 
2. Now we need to build OpenCV framework. 

 
If everything goes fine then we can add this framework to our Xcode project and continue 

with the coding in order to develop and application for IOS. 
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Chapter 3 
Methodology 
 

In this chapter we will discuss about the implementation procedure, how the process 
takes place from start till end. Below is the block diagram of the system shown in fig-3.1. 
 

 
Fig-3.1 Block diagram of the system. 

 
The block diagram shown above looks to be very simple, but the actual procedure of 

capturing, processing and sending of data is explained in detail in the upcoming sections. 
 

As we see, the procedure of transmission of data takes place in a systematic way. In the 
block diagram we can see two sections namely transmission section and receiver section. The 
hierarchal flow is shown in the below flow chart in fig-3.2. 
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Fig-3.2 Flow chart of the system. 

 
We can see in the above flow chart how the process of transmission takes place. We can 

see in the transmission section different processes taking place in order to get the data in the 
receiver section from transmitting section. The detailed procedure is explained in next sections. 
 
3.1 Transmission section 
 

In the transmission part we have PicoEndo cameras and Panda board. PicoEndo cameras 
are connected to Panda board, which is similar to a palm computer through a USB. Panda board 
is to be configured firstly. It should be installed with the UBUNTU operating system. This 
procedure is not similar to that of the operating system installation procedure used in the regular 
computers. The detailed installation procedure can be found in Panda board website. 
 

After configuring Panda board, we need to install OpenCV using Linux commands in the 
terminal as the code for stitching of 3 different images from 3 PicoEndo cameras are stitched 
using OpenCV and is made in to single image and the calibration of the cameras are also done 
using OpenCV. Before calibrating we need to adjust the positions of 3 cameras such that when 
stitched, the images should look like a single panorama image. After positioning of the cameras, 
calibration should be done. Once the calibration is done we don’t need to calibrate it again and 
again every time at the start of program until and unless the orientation of the cameras are 
altered. The coding is done in C++. So OpenCV is compatible as it has much other functionality. 
 

After configuring Panda board, the stitched images should be sent to the IPhone. In order 
to do so we need to make Panda board as the server. In order to do that we need to develop a 
server-client program in C++ and make it runs in Panda board and the client code in the receiver. 
We also need to specify the I.P address of the server to be static so that in the client side we can 
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call the server very easily. If we don’t make it static, then we have to call every time a new I.P 
address which can be problematic. So, the better solution is to make the I.P address static. 
 

Once the server is configured, then we need to make a file consisting of stitching 
algorithm and server code as a single file and make it run in the start as an executable file using 
shell script, so that when the Panda board starts, the cameras will also be initialized and the 
server will also be initialized simultaneously and starts the transmission through desired network. 
 
3.2 Receiver section 
 

In order to receive the packet data from server through the network we need to use some 
sort of socket programming. The API we choose for socket-based connections depends on 
whether we are making connection to another host or receiving a connection from another host. 
It entirely depends on whether we are using TCP or other protocols. 
 

In OSX, we are using a networking code that is shared with non-Apple platform, so we 
are using POSIX C networking APIs and continue to use networking code. 
 

As we are using client code in C, we have to use Core FoundationC networking API. 
The core Foundation framework and the CFNetwork framework are two primary C-language 
frameworks in OSX and IOS. In OSX, CFNetwork is a sub framework of core services, but in 
IOS, CFNetwork is a top-level framework. 
 

Now if we are connecting to specific host on a TCP connection with shared code on non-
Mac and non-IOS platform, then we should use CFStream API. 
 

In IOS device, we can use CFStream API to establish a socket connection, with stream 
objects to send and receive data from remote host and we can also configure the connection 
security. The NSStream class is a basic streaming API, but this class doesn’t support connection 
to a remote host on IOS. So CFStream API is used to get the streaming data. 
 

Now we have to establish a TCP connection to a remote host. If we already know the 
DNS name or IP address of the remote host, then we can obtain the Core Foundation input and 
output streams using CFStreamCreatePairWithSocketToHost function. This is how the 
streaming to IOS device from non-IOS platform server takes place. 
 

Now in the receiver end we have IPhone as a receiver. In order to view the received data 
from the server in IPhone we need to build an application. So to make it happen, we need to 
develop a code using Xcode as a developer tool, where we can use Objective-C coding as the 
interface language. Then we need to run the OpenCV in the Xcode and also the client code from 
the cross platform should be added into this program and also we need to consider above socket 
streaming data as discussed above into criteria and proceed further. 
 

Once all these are brought under one project, the complete code should be executed. This 
is done in MacBook as IPhone applications can be developed and tested in MacBook. After 
developing and testing the application, we need to deploy the application into the device. 
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Deployment of application into device requires few procedures, which are listed below. 

 
1. Buy a developer account from www.apple.com. 
2. Connect the device on which the application is to be deployed to the MacBook and 

register the device. 
3. Follow the procedure listed in the developer’s page in order to create some certificates 

for the device in order to deploy the App. 
4. Finally run the program and deploy the App in the device. 
 

Once the above procedure is completed we can check the deployed application from 
device in the real time scenario so as to get the same results that are obtained in the 
simulator. Some times the results obtained in the simulator may differ from that obtained in 
the device. This happens due to the compatibility of the deployed code or tested environment 
in simulator is different from the real time scenario as some frameworks and API’s differ 
from that of MacOSX to IOS. 
 
So all these issues are to be thoroughly checked before deploying an application into the 
device. 
 

Once when the device and the application, both are ready we need to initiate the 
procedure. When the Panda board starts up initialization of OpenCV takes place and the 
inputs from cameras are calibrated and the 3 images from 3 cameras are stitched together to 
form a panorama image. So this process goes on continuously and the continuous panorama 
images with fast rate results in the video. So we can see the video feed coming from the 
server and the server also starts broadcasting the video through Wi-Fi to the remote host. 
 

In the receiving end, when the application starts in the IPhone we can receive the live 
video feed from the server. The parameters that are considered to get the desired results will 
be discussed in the next sections. 

 
3.3 Network Performance parameters 

 
In this section we will discuss about the network parameters that come into picture and 

which affect or causes some problem to video streaming while streaming over a Wireless Access 
Network (WAN or Wi-Fi) [14]. Some of the parameters that we are going to discuss are about 
the frame rate, time variations and jitter. 
 

3.3.1 Frame rate 
 

Frame rate, also called as frame frequency is the rate at which an imaging device 
produces the unique or ideal consecutive images called frames. This frames apply to film, 
computer graphics, cameras and video capture devices. Generally frame rate is measured in 
terms of frames per second (FPS) and is also expressed in progressive scan monitors as Hertz 
(Hz). 
 

http://www.apple.com/
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In human visual system, the human eye can process up to 12 images per second, 
perceiving them individually [15]. In earlier times, speechless or silent films has a frame rate 
varying from 14 to 24 FPS, but with the use of projectors having dual and triple-blade shutters, 
the rate was doubled and tripled. 
 

In recent days there are three main frame rate standards that are used namely 24P, 25P 
and 30P. Now we will discuss about different standards of frame rate that are in use. 
 
24P: - 24P is a progressive format which is currently being used by movie production unit 
cameras because the on-screen look of frame rate matches the film. 35mm movie cameras use 
24FPS as standard rate. Actually hand drawing 24 FPS (‘1s’) is costly, so in every film they do 
shooting on “2’s” (so only 12 unique FPS). 
 
25P: - 25P is a progressive format, which runs on 25FPS. This is just similar to that of 24P. This 
best suits on LCD displays, computer monitors and projectors. 
 
30P: - This produces a video at 30FPS. Shooting a video at 30FPS gives no interlace artifacts but 
can produce judder on image movement. 
 
48P: - This is been trialed in film industry currently. It can reduce the motion blur and flicker in 
movies. In recent days, a movie named The Hobbit was filmed at 48P by it director Peter 
Jackson. 
 
50i: - This is the standard video field rate for PAL and SECAM televisions. 
 
60i: - This is the standard video format for NTSC televisions. 
 
50P/60P: - This format is been used in high-end HDTV systems. This produces a better quality 
of video for visualization. 
 
72P: - This format is currently in experimental stages. 72FPS is the maximum rate that is 
available in WMV video format. Modern cameras like “Red one” can use this frame rate in order 
to produce a slow motion reply at 24FPS. 
 
120P: - This format is used in UHDTV systems. This can produce a must better video quality 
which compared to 50P/60P format. 
 
300FPS: - This format is officially been tested by BBC Research to use in sports broadcasting 
[16]. It can easily be converted to 50FPS and 60FPS without any issues. 
 

3.3.2 Delay Jitter 
 

Jitter [11][12] is another parameter that causes delay in video transmission. It is due to 
delay caused by received video packets from transmission end. In general, when streaming a 
video over WLANs or LANs, quality problems occur due to Jitter. 
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From the server side video packets are sent or streamed continuously with packets spaced 

evenly apart. But in the receiver end, due to slow-connectivity or configuration errors, the steady 
stream may be varied causing the delay in Jitter. Generally jitter between source and destination 
must not exceed 100ms [11]. 
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Chapter 4 
Results and Conclusion 
 
4.1 Result 
 

In this section we will discuss about the test results and the cases that we have 
considered. As we know our goal was to stream live video from Panda Board to IPhone. In order 
to show that we have considered different possibilities and conditions to show which would be 
better for streaming a live video. We do not use Internet in these cases. The conditions are 
mentioned below. 
 

1. Streaming live video from Windows Pc to MacBook (Both are connected to a Router 
where Windows Pc is a Desktop connected to router using an Ethernet cable and 
MacBook is connected wirelessly and Panorama image resolution is 800x363). 
 

2. Streaming live video from Windows Pc to MacBook (Both are connected to a Router 
where Windows Pc is a Desktop connected to router using an Ethernet cable and 
MacBook is connected wirelessly and Panorama image resolution is 400x180). 

 
3. Streaming live video from Windows Pc to MacBook (Both are connected using Ethernet 

cable to a router and Panorama image resolution is 400x180). 
 

4. Streaming live video from Windows Pc to Windows Pc (Both are connected using 
Ethernet cable to a router and panorama image resolution is 400x180). 

 
Now we will consider the first condition. In this we are considering a Windows based 

desktop as transmission client as well as server, which is connected using an Ethernet cable to 
the router and the MacBook serves as the Receiving client that is wirelessly connected to the 
same router. After setting up everything we need to run the Transmission client, server and 
Receiver client codes simultaneously in order to start the streaming procedure. The following 
figures shown below demonstrate the initialization process. 
 



 27 

 
 
Fig-4.1 Transmission client. 

 

 
 
Fig-4.2 Configuring server address. 
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Fig-4.3 Server initialization. 

 
We can see in Fig-4.1, 4.2 and 4.3, when the Transmission client starts the transmission it 

asks for the server destination. So when the destination is set, in the server side we can see how 
many clients are connected and the data received from Transmission client is just transmitted 
from server to receiver. In fig-4.4 we can see the receiver client which when accepts the 
incoming connection from server, the data starts receiving. 
 

 
 
Fig-4.4 Receiver client. 
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Now we need to calculate the FPS for the received panorama video in the receiver client. 
In order to do that we have taken readings from transmission client, server and receiver client 
and calculated the FPS.  
 
FPS, frames per second can be calculated, where N is the sample received is 
 
            FPS = 25/(‘N’ x 25) msec. 
 
For example, if N is 100msec, then the output is 10 frames per second. 
 

Now we need to calculate and plot a graph showing frames per second against the 
number of samples. The figure 4.5 below shows the graph that was taken on a Monday. We will 
also consider different days in a week and plot their corresponding graphs. 
 

 
 
Fig-4.5 Windows to Mac (wireless) output on Monday (640x480 pixel). 
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Fig-4.6 Windows to Mac (wireless) output on Monday (320x240 pixel). 

 
Note: - In each graph every sample is an average of samples taken in different times in a 
complete day. 
 

In the above figure 4.6, we can see the graph plotted with resized image adjusted to fit the 
mobile screen. In these conditions we can see the improved frame rate when compared with that 
of FPS obtained when image size was of 640x480 pixel dimension. By this graphs we can easily 
differentiate the change in frames. In fig-4.5 and 4.6 we have considered samples in x-axis and 
FPS in y-axis.  
 

In the below mentioned fig-4.7 and fig-4.8 shows the graphs that are plotted considering 
from Monday till Saturday showing. This shows the variation in received FPS in different days. 
 

 



 31 

 
Fig-4.7 Windows to Mac (wireless) output for a week (640x480 pixel). 

 

 
 

Fig-4.8 Windows to Mac (wireless) output for a week (320x240 pixel). 

 
We will also consider another situation where Windows Pc is replaced with Panda Board. 

In this situation, Panda Board itself acts as the server and transmission client and hence sends the 
data directly to MacBook. So in this case we can reduce the time that is taken to travel from 
transmission clientServerReceiving client and hence the FPS can be enhanced. The below 
fig-4.9 and fig-4.10 shows the enhanced FPS taking complete week in to consideration. 
 

 
 
Fig-4.9Windows to Mac (wireless) output for a week removing server data (640x480 pixel). 
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Fig-4.10Windows to Mac (wireless) output for a week removing server data (320x240 pixel). 

 
Now we will consider the third criteria. In this both the windows Pc and the MacBook are 

connected to the router using Ethernet cable. This condition is considered as when compare with 
wireless, wired connection is little bit faster as well as there will be no data loss. The fig-4.11 
and fig-4.12 below shows the graphs plotted on a day as well as the complete week considering 
the image size to be 320x240 pixel. 
 

 
 
Fig-4.11 Windows to Mac (wired) output on Monday (320x240 pixel). 
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Fig-4.12 Windows to Mac (wired) output for a week (320x240 pixel). 

 
When we compare this set of graphs with the set of graphs obtained in wireless 

transmission to MacBook, we can see the difference in FPS obtained. We will also discuss 
another condition which was discussed in above criteria like replacing the Windows Pc with 
Panda Board, then we can omit the server received timings and hence we can see the improvised 
results and improvement in FPS obtained. Fig-4.13 shows the improved results in case of Panda 
Board acting as both transmitter as well as server. 
 

 
 
Fig-4.13 Windows to Mac (wired) output for a week removing server data (320x240 pixel). 

 
Now we will consider the final criteria. In this we will have both Windows Pc in 

transmission as well as receiver side, which are connected to a router using Ethernet cable. The 
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procedure is same as above criteria’s. In this also we can see the graphs plotted on a day as well 
as complete week. The fig-4.14 and fig-4.15 shows the frame rate on Monday as well as the 
complete week when considered the image size to be 640x480 pixel. The fig-4.16 and fig-4.17 
shows the same as above graphs but the image is resized to 320x240 pixel. 
 

 
 
Fig-4.14 Windows to windows (wired) output on Monday (640x480 pixel). 

 

 
 
Fig-4.15 Windows to windows (wired) output on Monday (320x240 pixel). 
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Fig-4.16 Windows to windows (wired) output for a week (640x480 pixel). 

 

 
 
Fig-4.17 Windows to windows (wired) output for a week (320x240 pixel). 

 
We will also discuss about the condition, which was discussed for all the criteria 

considered which is replacing the Windows Pc from transmission side with Panda Board. So the 
Panda Board will itself acts as transmission device as well as server. So as considered in above 
criteria’s he also we will do the same thing and the resultant graphs are plotted below in fig-4.18 
and fig-4.19 considering both image resolutions. 
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Fig-4.18 Windows to windows (wired) output for a week removing server data (640x480 pixel). 

 

 
 
Fig-4.19 Windows to windows (wired) output for a week removing server data (320x240 pixel). 
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4.2 Conclusion 
 

Considering the results that are obtained in the above section, we have compared 
transmission of live video from and to different devices having different platforms. We have 
shown the resultant graphs stating which conditions are better and why. In fig’s 4.9, 4.10, 4.13, 
4.18 and 4.19 we can see the improvement in received frames as we have embedded the server 
inside the transmission device itself. By doing so we can reduce the complexity of handling the 
devices and make the outcome of the product look very simple.  
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Chapter 5 
Future work 
 

In this thesis we have considered different hardware’s and implemented different cods in 
order to get the result. When we compare the different obtained results, we can see the change in 
frame rates. So in order to further improvise the frame rate, we can perform some more future 
work mentioned below. 
 

1. Replace the current OMAP with the new OMAP 5430 that make the processor fast and 
can utilize 4 cameras at a time with broader view more than 180 deg. 

2. Further improvements in the algorithms used can increase the FPS rate far better than 
which is obtained now. 
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7.Abbreviations 
 

1. IP- Internet protocol. 
 
2. OpenCV- Open Computer Vision. 

 
3. USB- Universal Serial Bus. 

 
4. FPS- Frames per second. 

 
5. SOC- System on chip. 

 
6. CPU- Central processing unit. 

 
7. GPU- Graphics processing unit. 

 
8. OMAP- Open multi media application platform. 

 
9. RAM- Random access memory. 

 
10. DDR- Double data rate. 

 
11. APP’s- Application. 

 
12. IOS- Internetworking Operating system. 

 
13. MACOSX- Macintosh Operating System. 

 
14. API- Application protocol interface. 

 
15. GUI- Graphics User Interface. 

 
16. OLE- Object Linking & Embedding. 

 
17. HTML- Hyper Text Markup Language. 

 
18. POSIX- Portable Operating System Interface based on UNIX. 

 
19. TCP- Transmission Control Protocol. 

 
20. USD- United States Dollar. 

 
21. UAV- Unmanned Aerial Vehicle. 

 
22. WAN- Wireless Access Network. 
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23. FPS- Frames Per Second. 
 

24. PFPS- Progressive Frames Per Second. 
 

25. PAL- Phase Alternating Line. 
 

26. SECAM- Sequence Color With Memory. 
 

27. NTSC- National Television System Committee. 
 

28. WMV- Windows Media Video. 
 

29. HDTV- High Definition Television. 
 

30. UHDTV- Ultra High Definition Television. 
 

31. BBC- British Broadcasting Channel. 
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