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1. Collaborations 
 
 
 
This thesis is the collaboration between Cristina Mairal and the ECE Paris during an Erasmus 
Program. The project director was Dr. Max Agueh. 
 
The stay lasted six months from October 2009 to March 2010. During this time, I joined the 
multimedia research department and collaborated with them. They offered to enhance the 
JPEG2000 video streaming system with a scalable and smooth video streaming transmission 
depending on the available bandwidth of the wireless channel.  
 
In this time I was given the opportunity to write and submit a paper to the MMEDIA 2010 
internal conferences, and we were selected. 
After this period the exchange program ended, I was hired to join the Multimedia research 
team in June 2010 to prepare and present the project at the conferences in Athens, Greece. 
Our work was rewarded with one of the prizes.   
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2. Summary  
 
MPEG developed a new standard which enhances the commonly used image format JPEG. 
The so-called JPEG2000 gives better quality image and scalability. The key to this project is 
the possibility to code each image with different resolutions and sizes before they are sent 
into the channel. 
 
The complete system we present is sending a video streaming in JPEG2000 through a 
wireless network. The capacity of these channels is variable, and the video sequence might 
not be adequate at every moment. With an adaptive estimation of the available bandwidth 
every 10 frames, the encoder can select the best resolution of the image giving, as a result, a 
smooth video to the client. 
 
There are two challenges. First, select and implement the best available bandwidth estimation 
technique. And second, the decision of the thresholds in the encoding algorithm to guaranty 
the correct visualization of the video sequence. 
 
Our work solves and implements both problematics and presents a scalable and smooth 
system to transfer video images in JPEG2000 taking the most of the wireless channel.  
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4. Introduction 
4.1 Context  

 

At my arrival at ECE Paris, the Multimedia research team were actively working on an 
optimal solution to send images coded using the standard JPEG2000 in wireless networks.  
 
The first step focused on protecting the images against transmission errors, and they had 
already published a solution that used Reed-Salamon codes to safeguard the codestreams at 
the encoder [5]. 
 
In this context, the school gave me the opportunity to enhance their work with an adaptive 
and scalable transmission that would send the better image possible based on the available 
bandwidth estimation of the channel at each moment.  
To do so, I had to study the techniques to estimate the available bandwidth in wireless 
networks and implement the one that I found more suitable in our context. It was also 
required to enhance the encoder to select the better quality and the best resolution of the 
images that the channel could transmit without exceeding the bandwidth and above all, I had 
to guaranty the comfortable visualization of the final video and the receiver.  
 

 

4.2 Objective 
The final objective of this research is to implement an algorithm that selects the best quality and the 
best resolution possible to transmit a sequence of images coded in JPEG2000 on a wireless network. 
The main challenge to overcome is the estimation of the available bandwidth and the JPEG2000 
standard, which allows codifying the image with different resolutions. 
 

 

 

4.3 Document structure 
 

The document starts with an overview of the JPEG2000. Then we explain the compression of 
the standard to fully understand the algorithm at the encoder and the concept of scalability. 
Learning the complete JPEG2000 transformation is essential to modify the code with the 
algorithm elaborated during this research.  
 

Then, we study the literature available to estimate the channel capacity. We present the 
possible solutions and explain, as well, as the reason that we decided to implement the WBest 
technique.   
Once the tool is selected, the algorithm is explained in detail and codified in C++. 
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In the third block of the document, we present the algorithm to select the optimal quality and 
resolution to be sent to the channel. We implement the enhancement in the previous work 
done by the Multimedia team at ECE explained in [5]. 
 
As a four step, we present the results of sending a video streaming coded in JPEG2000 with 
our new tools working together to achieve the objective. The results show the video changes 
the size and the quality of the images to send as much information as the channel can process 
without exceeding its available bandwidth. 
To demonstrate the good behavior, we took three scenarios of real wireless channels. 

 

And finally, we present the conclusions and the possible further works to keep improving the 
whole transmitter of the video. 
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5. JPEG2000 
 

JPEG2000 is a standardized image coding system created by MPEG.  
It uses the most advanced techniques for image compression based on the wavelet 
transformation technology and increases the flexibility concerning compression and 
decompression giving at the same time a better quality image than JPEG. 
 
In this chapter, we will present the qualities that make JPEG2000 interesting for our project, 
and we will expose why it was chosen for our project.  
 
We will also explain how the wavelet compression generates the bitstream for each image to 
understand the algorithm presented in our project, which is to deliver a video streaming with 
the best resolution in a wireless network, which has per definition more interferences. 
 
And we will define the JPEG Wireless standard that is used in our work. 
 

5.1 JPEG2000 major accomplishments 
The state-of-the-art compression techniques have allowed JPEG to evolve to a new standard 
with multiple enhancements.  
 
•    Better compression efficiency respect JPEG 
The quality of the image is visually better.  

 
Figure 5.1 Comparision between JPEG and JPEG2000 

 

•    Lossless and lossy compression: The standard allows a lossless and a lossy 
representation of the image with different levels of compression. 
 
•    Resolution Scalability: The JPEG2000 bitstream contains identifiable subsets of 
information with successively lower resolutions of the image. It is useful to broadcast the 
image to multiple receivers. They can then, select the resolution that better fits their displays. 
 

•    Distortion scalability: The JPEG2000 bitstream contains identifiable subsets of 
information with successively lower quality layers. This feature allows deciding the level of 
resolution to be sent to the encoder and also allows to decode only the quality desired.  
 
•    Region of interest: The image can be divided into small parts and codify them separately 
with different resolutions. It is also possible to decode only a part of the image.  

 

In this project, we will take advantage of the resolution and distortion scalability to adapt the 
length of the transmitted bitstream to the channel conditions. 



9  

Smooth and Scalable Wireless JPEG2000 images and video streaming with Dynamic 

Bandwidth Estimation 

 

 

 

5.2 JPEG2000 standard 
JPEG2000 compression standard was developed by the Joint Photographic Experts Group 
and it is divided among 14 Parts. 
Part 1 is the minimal decoder and codestream syntax and minimal file format called JP2. T 
Part 3, also known as Motion JPEG2000 describes the file format called MJ2 that represents 
sequences of images coded with the compression described in Part 1.  
Part 11 or JPEG2000 Wireless, or JPWL, includes error protection and correction. JPWL 
focuses on wireless multimedia applications like the one implemented in this project. 
 
The bitstream is a consequence of multiple transformations from the original image. 
These are the steps to represent an image in JPEG2000. 
 
 

Bitstream formation: 
 
-  The original image is a group of pixels.  
The pixels that form an image are quantified with a number of bits that represent its color. It 
can be codified as RGB, YCbCr or YUV.  
 
- Tiling: The image is decomposed into rectangular tiles of equal size, except for the 
boundaries. The minimum tile is 1, which will be the whole image.  
 
-  Each tile is decomposed in different resolution levels using the wavelet transform. The 
result is 4 subbands or coefficients.  
The wavelet transform can be irreversible or reversible. The reversible transform it is used for 
lossless compression, while the irreversible is the default transformation and introduces 
quantization noise.  
 

- Each of the 4 subbands is then divided into rectangular portions in the wavelet domain also 
called precincts.  
 
- Each precinct is split into code blocks and are independently encoded.   
 

- The result is divided into packets. And the packets of all subbands are collected as layers.  
Each packet represents a single quality layer of a single resolution. 
 

- The packets are encrypted to form a bitstream. 
 
- The bitstreams of the same tiles are collected together forming the tile-component bitstream. 
 
- The headers are added to allow the decodification. 
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The result is a codestream that can represent a lot of possible compressions. The header is the 
way to access to all the information. There are two types of headers, the main header and the 
tile-part header as shown in Figure 5.2.a. 
 

 
 

Figure 5.2.a Codestream Header structure 
 
 

 
The main header contains information of the whole codestream, while the tile-header defines 
the following tile bitstream.  
 

 
 

Figure 5.2.b Header Markers 

 
At the receiver, reading the header with the markers described in Figure 5.2.b, it is possible to 
determine the number of layers and the resolution for each bitstream.  
 
In our project, the maximum number of layers is three and the maximum number of 
resolutions is six. 
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5.3 JPEG Wireless 
 

The new standard JPEG2000 can protect the whole codestream with a set of marker segments 
defined in Part 1. Nevertheless, the techniques are not useful when the channel presents 
strong interference, as it is the case of wireless networks.  
 
For this reason, JPEG Wireless was developed in 2005 and standardized in 2007. 
Also known as theJPWL, Part 11 of the standard extends the standard with the possibility to 
implement mechanisms of error protection and correction as Reed-Solomon (RS) codes 
among others. 
It also covers the possibility that they are not used, so the same decoder works for JPEG2000 
and JPWL.  
 
In [5], M.Agueh, J.F. Diouris, M. Diop and F.O. Devaux, defined the base system to transmit 
JPEG2000 images through wireless channels, including Reed-Solomon codes. 
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6. Available bandwidth estimation 
 

Tools that only estimate the capacity are not useful for multimedia streaming because it can 
vary dramatically within short periods of time. Video streaming flows require available 
bandwidth estimates with fast convergence times to satisfy users using the application. 
Wireless channels vary quickly and are unpredictable.  
 
In the literature, many authors investigate classifications of bandwidth estimation tools with 
good results that can be applied in different scenarios. In [6], R. Prasad, C. Dovrolis, M. 
Murray and kc. claffy at define four types of bandwidth estimation tools.  
 
In this chapter we present the classification and explained their main characteristics. Then, 
we search for a fast and accurate bandwidth estimation tool for our transmission system and, 
after narrowing the scope to three possiblities, we select the best for our project.  
 

6.1 Bandwidth estimation tools 
classification 

In [6], R. Prasad, C. Dovrolis, M. Murray and kc. claffy at define four types of bandwidth 
estimation tools: 
 

Variable Packet Size Technique (VPST) 
 

This technique measures the capacity of individual hops. It uses ICMP (Internet Control 
Message Protocol [7]) packets to measure the RTT (Roundtrip Time).  
It assumes that the minimum RTT means no queuing delays. Hence queuing delays are not 
taken into account to estimate capacity. 
The result of this technique is a straight line, which slope equals 1/C. 
 

Probing Packet Pair Dispersion Technique (PPPDT) 
 

The second bandwidth estimation tool presented in [6] is the Probing Packet Pair Dispersion 
Technique (PPPDT) which measures the end-to-end capacity using a packet pair with the 
same length and rate. 
The capacity is found using the formula: 

� � �/∆���  
  

Where ∆���  is the dispersion of the packet pair at the receiver. 
 

Self-loading Periodic Streams Technique (SLoPST) 
 

The third bandwidth estimation tool measures the available bandwidth sending packet with 
the same length but at different rates and calculating its one way delay.  
The moment the delay starts to increase means the available bandwidth has been exceeded 
and that is the value for at that moment. 
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Probing Packet Pair Trains Dispersion Technique (PPPTDT) 
 

The last tool measures the available bandwidth and the capacity of an end-to-end path. Sends 
a train of packet pairs at gradually increasing packet rate and estimates its average dispersion 
rate at the receiver. 
The result is a curve where the slope is 1/C, and the inflection point is the available 
bandwidth value. 
 

In our work we look for a fast bandwidth estimation technique because it is more effective 
in tracking fast varying wireless channels like the ones considered in our scenarios. 
 

6.2 Available bandwidth estimation tools 
 

The following tools were found in the literature. We studied their strengths and weaknesses 
in order to finally decide the best to implement. It had to be fast and the algorithms clear 
enough to be implemented in our code. 
 

- A Novel Available bandwidth estimation and tracking algorithm 
 

In [15] A. Cabellos-Aparicio, F. J. Garcia and J. Domingo-Pascual presented a real-time 
estimation technique that allows monitoring its changes and would be very useful for our 
video transmission system.   
In the end, it is a very good tool but we could not codify it ourselves based only on the 
information contained on the paper. In addition, the tool is very powerful and it would need 
to run in parallel with our transmission system. 
  

- Available Bandwidth Estimation in IEEE 802.11-based Wireless networks 
 

In [16] S. Sha, K. Chen and K. Nahrstedt present a tool that focuses on wireless networks.   
We discard this approach because of the third approach, Wbest, proved to be faster. 
 

- Wbest: a Bandwidth Estimation Tool for IEEE 802.11 Wireless Networks 
 

In [8] M. Li, M. Clazpool and R. Kinicki present a two steps tool that converges fast and 
obtains less estimation error. It uses the effective capacity to estimate the available 
bandwidth. It takes also into account cross-traffic impact. In the first step the effective 
capacity is measured using the Probing Packet Pair Technique with an improvement: the 
median of the dispersion of the train of packet pairs sent is calculated.  
 
In the second stage another packet train is sent at the rate of the effective capacity in order to 
evaluate the real available bandwidth. This procedure avoids the additional delay which is 
yield by incremental packet rate increasing while seeking for the rate which congests the 
path. 
 

	
 � ���2 � ��
∆���

�    if there is no congestion or 

	
 � 0  if congestion is detected 
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The tool detects congestion by analyzing the dispersion of the packet train in the second step.  

If it is lower than �� 2�  , it means it is congested. As packets are queuing, bandwidth 

estimation process is canceled.  

 

The authors of this work pointed out that finding the optimal lengths of the trains used in both 
stages is a difficult decision, and they suggest a method in [8] that we followed in the lab. 

 

6.3 Implementation of WBest 
Using the information described in the paper we implement our version of WBest to use in 
our project in C++.  
 

Algorithm: 

 

In the first stage , n packet pairs are sent to estimate the effective capacity  ��, the maximum 
capacity of the wireless network. Unlike in wired networks, wireless dynamic rate adaptation 
alters effective capacity by adjusting the packet transmission rate. Hence, effective capacity is 
a function of time and packet size described as follows: 
 
 

________________________________________________________ 
 
Require: n > 0 {Measure effective capacity (��)} 
 1: Send n packet pairs to client 
 2: ��<= median(Ci, i=1,..,n) 
Require: 	� > 0, �� > 0 {Measure available bandwidth (	)} 
 3: Send packet train with length m at rate Ce to client 

 4: 	�	 � �
�������,			 !",…,�� 

 5: If � $	 �%
&  then  

 6:  	 ←  �� 		(	2 �	�%
) 	* 

 7: else 
 8:  	 ← 0 
 9: end if 
10: p	← packet loss rate in train +,--.-	/.--0/12.34 
 11: if 5	 6 0 then 
 12:  	 ← 		 7 �1 � 5� 
 13: end if 

 
Figure 6.1 Bandwidth estimation tool algorithm 
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Empirical tests and results: 
 

The bandwidth estimation is the first step to our project success. Without a fast and effective 
value it would not be possible to send the transmission of the video with the optimal layers 
and resolution.   
 
During the study of this tool, we followed the author's instructions and we needed to find the 
optimal number of packet pairs to estimate the capacity of the channel during the first step of 
the algorithm. 
It was also necessary to find the best number of packets for the second step.  
 
We empirically demonstrated that 10 packets pairs for the first train and t 30 packets for the 
second train obtained a reliable and fast results of the available bandwidth estimation for the 
transmission. 
 
With all the variables, the tool is ready and we integrate the code in the global system so it is 
executed every 10 frames.  
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7. Scalable and robust wireless 
JPEG2000 images and video streaming 
system 

 
In the wireless JPEG2000 images and video transmission system such as the one considered 
in this project, a layer based FEC rate allocation with Reed-Solomon codes (RS) is used at 
the encoder to protect JPEG2000 codestreams against transmission errors. A description of 
the layer based FEC scheme used is available in [5] along with a detailed description of the 
wireless JPEG2000 images and video transmission system considered in this work. 

 
  

Figure 7.1 Wireless video streaming system 

 
In the present work, we implement an adaptive bandwidth estimation tool and propose an 
additional scalability tool at the encoder, which dynamically and efficiently selects the best 
resolution and layer for each JPEG2000 frame before transmission through the wireless 
channel. Hence, according to the estimated bandwidth, refinement layers could be added or 
removed from JPEG2000 codestreams. When required, scale changes are gradual and smooth 
to guaranty a comfort regarding visualization. We present in the following the processes, 
which are implemented at the encoder. 

  

Algorithm: 
 

Once connected, the server starts the WBest [8] process in order to obtain the initial available 
bandwidth. At this step, the goal is to send images and video with maximum detail (highest 
resolution and all refinement layers) matching with the estimated bandwidth. The original 
resolution and number of layers of the considered video are found using an indexer like the 
one available in [9].  
In our work, the default number of resolutions is 6, the length and the width of the image 
must be a power of 2 (here 352x288), the number of layers is 3. 
 
These are the variable that we need for the algorithm: 
 
9 is a layer of a JPEG2000 image  
:;<=>?@  is the corresponding source encoding rate  
 fec<=>?@ � D

E  be the inverse of the Reed-Solomon code RS(n,k) selected by the FEC rate 

allocation scheme [5] to protect layer l against transmission errors.  
GHI�J_9JLMNO is the amount of data needed to transmit layer protected.  
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And finally: 
GHI�J_9JLMNO � P 7 Q 7 :;R���

 7 GJSR���
  

 
         Figure 7.2 Frame length calculation 

 
  

The proposed scheme can adapt to channel conditions thanks to the bandwidth estimation 
tool. Hence, when the channel experienced good conditions, our heuristic selects the highest 
resolution with the highest quality (all the refinement layers are transmitted). If the channel 
experienced harsh conditions, image layers and resolution are decreased up to defined 
thresholds. 
 
We empirically set thresholds (lT=U/2) and (resolT@D

Y?Z@<?Y) as respectively the minimum layer 
downscaling allowed and the minimum resolution, which guarantees comfort regarding 
image visualization. Contrarily,	lT@D and resolT@D respectively the base layer and the 
minimum resolution possible do not guaranty a visual comfort but can be transmitted when 
the channel experiences big interferences.  
 
Hence, when the channel experienced adverse conditions, image layers are incrementally 
reduced while maintaining the original resolution of the JPEG2000 frame to the highest level. 
However, is the corresponding frame length do not match the available bandwidth, image 
resolution downscaling is processed. It is worth noting that our fixed thresholds are valid for 
our scenarios and may change in different environments. 
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Heuristic__________________________________________________________________ 
1-Wait for client connection request 
2-Estimate available bandwidth (
�[) using WBest tool every 10 frames 
3- Derive original images/video maximum number of layers (9��\) and maximum resolution 

(HJ]^9��\) from the indexer 
For each JPEG2000 image: 
4-Initialize parameters current layer (S_H̀ �a � 9��\) and current resolution (S_H_HJ]^9 � HJ]^9��\) 
5- Calculate the needed bandwidth    
���b�b 
6- If (
�[ 	$ 	
���b�b) Send Image 
    Else 
   { 
    Step 1: With guaranty of comfort during visualization 
    While  ( S_H_9Ic 6 9��\/2 and S_H_HJ]^9 6 HJ]^9� �

b�d R�b 	 ) 
      {   Estimate 
���b�b � ∑ S_H_HJ]^9f�R_`�a

 !" 7 :;R���
 7 GJSR���

  
           Increase layer to remove ( 9Ic_N^_HJ� � 	9Ic_N^_HJ� g 1  ) and 
          Fixe resolution or fixe layer to remove and decrease resolution 
           (S_H_HJ]^9 � S_H_HJ]^9 � 1) until reaching (
�[ 	$ 	
���b�b) 
  
      } 
      
     Step 2: Without guaranty of comfort during visualization 
     While ( _9Ic 6 0 and  S_H_HJ]^9 6 HJ]^9� �) 
      {   Estimate 
���b�b � ∑ S_H_HJ]^9f�R_`�a

 !" 7 :;R���
 7 GJSR���

  
           Increase layer to remove ( 9Ic_N^_HJ� � 	9Ic_N^_HJ� g 1 )  and 
          Fixe resolution or fixe layer to remove and decrease resolution 
           (S_H_HJ]^9 � S_H_HJ]^9 � 1) until reaching (
�[ 	$ 	
���b�b) 
  
      } 
   } 
  
7- Smooth scale changes in order to avoid sudden and temporal image     
   variation (average among 5 previous frames parameters) 
___________________________________________________________________________ 

  
Figure 7.2 Encoder Algorithm 

 
 

Once the resolution and the number of layers are chosen, the server sends the video streaming 
to the client. 
The available bandwidth estimation tool is launched every 10 frames but this frequency could 
be changed according to the application requirements. An interesting extension to this work 
could be to optimally adapt the frequency of the bandwidth estimation tool to the channel 
conditions. 
  
The efficiency of the proposed heuristic is demonstrated using a wireless client/server video 
streaming application. In the following section, we present the results derived from different 
video streaming scenarios. 
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8. Results 
 

This chapter presents the results of our project and we can see the sequence of images sent to 
the client, result of applying the algorithm to the original video and adapting the quality and 
the resolution to the channel conditions estimated with WBest too. 
 
During our research the interferences that we could create were very robust and the empiric 
results did not show the whole range of possibilities that could be sent. The accuracy we 
could create in our installations was not rich enough to visualize the full range of 
possibilities.We decided to look for examples of real wireless channels, take the results and 
apply our algorithm to be able to demonstrate how the visualization of the video in different 
situations is. 
 
The video streaming scenarios considered in this work are derived from wireless transmission 
trials used in the literature for bandwidth estimation purpose. 
 
The video sequence transmitted is speedway.mj2 [10] which is a 352x288 motion JPEG2000 
sequence constituted of 200 JPEG2000 frames with six resolutions and three layers each. The 
video is the sequence of a security camera in a speedway in black and white. It was the one 
used also in [5], the previous work that includes Forward Error Correction to the transmitter 
of this system. 
 

8.1  Scenario 1 
In the first scenario, the wireless channel considered is derived from BART tool [11], which 
estimates the available bandwidth in an end-to-end path where the bottleneck is a wireless 
hop. It uses the Probing Packet Pair Trains Dispersion Technique and improves the system 
using Kalman filters to measure and track the changes.   
 
In this scenario, we focus on the fast varying part of the estimated bandwidth. Moreover, we 
divide the bandwidth estimated by BART tool [11] by a parameter δ=2 in order to show that 
our scheme is efficient even when the wireless channel experienced harsh conditions. 

 
     Figure 3.1.a Available bandwidth versus time – BART Tool scenario 
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Scenario 1 
Image 
Length 

Image 
Width 

Layer of 
transmitte
d Images 

(1) 352 288 3 
(2) 352 288 2 

 
Table 1: Scalability parameters - BART Tool scenario 

  
In figure 3.1.a, point (1) indicates that the estimated bandwidth is higher than the needed 
bandwidth; hence initial JPEG2000 frames are transmitted. Point (2) shows that the estimated 
bandwidth is decreased and becomes insufficient to send original images. Hence, the 
algorithm maintains the resolution at the highest level (initial value) but one layer is removed 
from original frames as shown in Table 1. 
In Figure 3.1.b we randomly select and present images speedway10.j2k and speedway25.j2k 
which have been processed respectively on points (1) and (2). 
 
 

  

                                         
 

 
  
 
 
 
 
 
 

Figure 3.1.b Images processed at point (1) and (2) -  - BART Tool scenario 

 

  

Speedway25.j2k 
 

Speedway10.j2k 
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8.2 Scenario 2 
  
The second scenario is derived from the work of D. Gupta, D. Wu, P. Mohapatra and C. 
Chuah [11]. In their paper, their compare a passive technique that uses packets containing 
useful data as probing packets and the pathchirp tool which is a general bandwidth estimation 
tool designed using Self-loading Periodic Streams (SLoPS). They demonstrated that the 
passive tool follows more accurately the changes of the available bandwidth. Moreover, they 
show that saturating the network to estimate the bandwidth is not the best choice. 
 
In this scenario, the network is a single link between two computers with two additional 
cross-traffics. The estimated bandwidth has been divided by δ=7 in our tests. 
 
In figure 3.2.a we observe three points corresponding to different available bandwidth (AB) 
along with the adapted data rate. Point (1) indicates that the available bandwidth is 
significantly low compared to the needed bandwidth. In this case, resolution is downscaled 
without removing a quality layer. Then point (2) shows that when the available bandwidth is 
increased, the resolution is upscaled while removing a quality layer. Finally, original frames 
are transmitted at point (3). 
 

  
  

Figure 3.2.a Available bandwidth versus time – Pathchirp tool scenario  
  

Scenario 
Pathchirp 

tool 

Image 
Length 

Image 
Width 

Layer of 
transmitted 

Images 
(1) 176 144 3 
(2) 352 288 2 
(3) 352 288 3 

  
Table 2: Scalability parameters - Pathchirp tool scenario 
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Figure 3.2.b Images processed at point (1), (2) and (3) - Pathchirp tool scenario 

  
In comparison to the pathchirp tool, using the passive tool yields image quality layer 
downscaling at point (4) of  figure 3.3.a instead of maintaining the transmission of 
unmodified original images (see Table 3). Hence, using pathchirp tool may lead to networks 
overloading. 
 

 

 

 
Figure 3.3.a Available bandwidth versus time –  Passive tool scenario  

 

  
Scenario 

Passive tool 
Image 
Length 

Image 
Width 

Layer of transmitted 
Images 

(1) 176 144 2 
(2) 352 288 2 
(3) 352 288    3     
(4) 352 288 2 

Table 3: Scalability parameters - Passive tool scenario 
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Figure 3.3.a Available bandwidth versus time – Passive tool scenario 
  
Figure 3.3.b presents speedway5.j2k, speedway10.j2k, speedway14.j2k, and speedway17.j2k 
which have been processed respectively on points (1), (2), (3) and (4). 
 

 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.3.b. Images processed at point (1), (2), (3) and (4) - Passive tool scenario 

 

8.3 Scenario 3 
In the third scenario, an 801.11-based infrastructure network is considered. The available 
bandwidth is estimated using a video streaming transmission SCTP congestion control 
protocol presented in [13]. This control protocol is based on Probing Packet Pair Dispersion 
technique. 
In the considered scenario the server and the client are equipped with two network interfaces. 
They are then linked to each other by two different paths using two access points (one for 
each path). In our work, the estimated bandwidth is divided by δ=100 in order to emulate a 
highly noisy wireless. 
 
Figure 3.4.a presents the available bandwidth (AB) versus time the adapted data transmitted 
and the optimal decisions. Point (1) to point (11) corresponds to different channel conditions 
and Table 4 shows the selected scalability parameters. Due to its accuracy, the bandwidth 
estimation tool detects all the channel changes even nonsignificant temporal ones. 
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Figure 3.4.a Available bandwidth versus time – SCTP tool scenario 
  

From point (7) to point (11), we notice that the lack of available bandwidth may result in 4 
consecutive change of resolution, which is uncomfortable for viewers. Our algorithm 
overcomes this limitation by maintaining the parameters of the transmitted frame unmodified 
until the transmission environment is improved (Available bandwidth increases). 

  
Scenario 
Passive 

tool 

Image 
Length 

Image 
Width 

Layer of 
transmitted 

Images 
(1) 11 9 3 
(2) 352 288 2 
(3) 176 144  3   
(4) 176 288 2 
(5) 176 144 3 
(6) 352 288 2 
(7) 352 288 2 
(8) 176 144 3 
(9) 176 144 3 
(10) 176 144 3 
(11) 352 288 2 

Table 4: Scalability parameters - Passive tool scenario 
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Figure 3.4.b Images processed at point (1) to (10) – SCTP tool scenario 
 

 
The results we obtained confirmed that we achieved to send a smooth, scalable and robust 
video streaming in JPEG2000 taking into consideration the channel conditions of the wireless 
network. 
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9. Conclusions and future work 
 

The project is an enhancement of a previous work made in ECE Paris. A transmission system 
to send JPEG2000 images and video with the best quality and resolution over wireless 
channels. 
 
The first challenge of this project was to succeed with the implementation of the available 
bandwidth estimation tool. Finally, with the WBest technique correctly calibrated, we 
obtained a reliable result every 10 frames.  
 
And finally we implemented the algorithm where the image quality scalability is privileged in 
comparison to image size scalability to avoid sudden changes that can create visual 
discomfort. However, when required, smooth size scalability is processed because the 
channel has too many interferences and the image sequence continues.  Every 10 frames, a 
new adjustment is made to the estimated channel conditions.  
 
A further interesting work to continue this project would be to analyze a scenario with 
multiple wireless clients. Another enhancement mentioned in this project is to adapt the 
frequency of the execution of the available estimation tool depending on the channel 
conditions. 
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10. Annex  
10.1 MMEDIA 2010 

In June 2010, the second international conferences of advances multimedia, MMEDIA 2010, 
took place in Athens, Greece.  
The ECE Paris gave me the opportunity to summit a paper and it was selected to be part of 
the Multimedia Content and Modeling module.  
And I was randomly selected to be session chair for the section Multimedia Application the 
day before my presentation.  
 
Personally it was enriching to be surrounded by researchers for a week. I could explain the 
work done by the university and the exchange program I was following. They would explain 
the main goals of their work and the problematics they encounter to their research. 
 
A few months later we were informed we had won one of the prizes and the ECE Paris had 
the possibility to enhance the work and present an article to the Iaria journals that was 
published in the International Journal on Advances in Telecommunications, vol 3no 1 & 2, 
year 2010. 
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10.2 Rewarded paper 
The result of this research is a paper awarded during the International Conferences on 
Advanced multimedia.  
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10.3 Iaria journal publication 

Find here the article published in the International Journal on Advances in 
Telecommunications, it is also available online.  
It is available in vol3, no 1&2, year 2010.  
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