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Abstract
The rise of mobile communications and the Internet has stemmed a 
need to optimize streamed video solutions, especially those of high 
bit rates; for example, HD video, multi-user conferences, cellular 
video calls, Skype, etc in a bandwidth-restricted environment, 
optimum video delivery is a demanding but a technically 
challenging issue. Exploiting the trade-off between the image-
quality and the frame-rate in adapting to varying channel bandwidth 
is an attractive solution. From this need, many multimedia codecs 
have been developed to compress, encode and then decode the 
streamed video data for efficient propagation through various 
mediums. This paper aims to synchronize Desktop environment 
running on one panda board with another panda board over Wi-
Fi. The project involves segmentation of the desktop using the 
effective algorithm and segmented information is structured in 
custom format. The output of the algorithm is then encoded with 
the help of efficient encoding method to minimize the need of 
network resources. The encoded output is sent over Wi-Fi using 
RTP towards another Wi-Fi terminal, which can decode the input 
data stream and appropriate display is created. All the changes in 
the senders display are identified and corresponding changes are 
transmitted so that only modified information is sent over Wi-Fi 
to show relative changes on receiver’s end.
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I. Introduction 
In  last  few  years  Wireless  Local  Area  Networks (WLANs)  
have  become  very  popular,  especially  IEEE  802.11  standard,  
which  became  almost  standard network  equipment  in  every  
household  or  company premises.  802.11 standard is mostly used 
as extension to Ethernet (IEEE 802.3), which used as backbone 
part of LAN networks. However, WLAN can also be used as an 
alternative to wired LAN in case that physical interconnection 
is not possible. The main attractions of WLANs include: cost 
effectiveness, ease of installation, flexibility, and tether-less access 
to the information infrastructure, and support for ubiquitous 
computing through station mobility. One particular advantage of 
WLANs is the fact that they can be quickly installed in an Ad-Hoc 
configuration by non-technical personnel, without pre-planning 
and without a supporting backbone network.
Two modes can be used to interconnect Wi-Fi devices: Infrastructure 
and Peer-To-Peer (ad hoc) mode. In infrastructure mode a devices 
needs to connect to an Access Point which forwards traffic to other 
devices (in the wired or wireless network), while in ad hoc mode 
devices communicate directly between themselves without an 
access point – thus offering a highly portable solution. While it 
might seem that ad hoc mode would be most useful for establishing 
wireless network connections with nearby  devices, if there is an 
access point present and the user’s device has associated with this 
access point, then it may be appropriate to use infrastructure mode 
to communicate with the other nearby devices. The remainder of 
the paper is structured as follows. 
Section II, gives some background information on different 
application sharing models. Section III, discusses the related work 
and why they are inadequate. System architecture is discussed in 

Section IV, where as the details of the PDS protocol is discusses 
in Section V. Client and server architectures are explained in 
Sections VI and VII, respectively. Section VIII, gives information 
about the performance of the system in terms of bandwidth and 
processing power requirements and finally Section 9 summarizes 
our work.

II. Background
OS S AS RC

Window 
Netmeeting Space - - + +

Leopard Screen 
sharing - - - +

VNC + - - +
PDS + + + +

Desktop Streaming (DS) allows sharing an application with remote 
users. All participants node see the same screen-view and use the 
same application. There is only one copy of the shared application 
and it runs on the server. The main challenges of application 
and desktop sharing are scalability, reliability, true application 
sharing, operating system independence and performance. We 
believe that an application and desktop streaming system should be 
operating system independent because participant’s node can use 
different operating systems. The shared screen should be efficient 
in the sense that it should transmit only the changed parts of the 
screen and it should not consume all the resources while doing 
this. Application sharing differs from desktop sharing in which 
there is only one shared application for privacy and security. The 
key challenge is that some other application can sit on top of 
the shared application and the shared application can open new 
child windows like options or fonts. A true application sharing 
system should blank all the other applications if they are on top 
of the shared one and should transfer all the child windows of 
the shared application. 

III. Related Work
As we have mentioned in the previous section, application and 
desktop sharing is a very useful feature therefore, operating system 
providers, commercial companies and several open source teams 
try to come up with a solution. Microsoft has Windows Meeting 
Space for Windows Vista and Netmeeting for Windows XP. 
Netmeeting was released in 1999 for Windows 98; in our tests 
it fails to display pop-ups and menus. Windows Vista introduces 
application sharing feature as part of Windows Meeting Space, 
but all the attendees must use Windows Vista. VNC [2] is a cross-
platform open source desktop sharing system, but it also does not 
have application sharing feature. VNC uses a client-pull based 
transmission mechanism which performs poor compare with 
server-push based transmissions under high Round-Trip Time 
(RTT). SharedAppVnc supports true application sharing, but the 
delay is unacceptable. It uses a lossy codec and does not support 
multicasting. 
VNC, Netmeeting, Windows Meeting Space and Mac OS X 
Leopard Screen Sharing all rely on unicast only, so they do 
not scale well. Sharing an application via unicast increases the 
bandwidth usage linearly with the number of participants. For 
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instance, Microsoft suggests Windows Meeting Space for groups 
of no more than 10 users.

Table 1: Comparison of Sharing Systems Discussed So Far

Legend    

OS Is it operating system independent?

S Is it scalable?

AS Does it support application 
sharing?

RC Does it support remote control?

4. System Architecture
Pandaboard Desktop Sharing (PDS) is based on client-server 
architecture. The server is the computer which runs the shared 
application. The participants use a lightweight Java [4] client 
application for connecting to server, and they do not need the 
shared application. Clients receive screen updates from the server 
and send keyboard and mouse events to the server. The Java client 
works in almost every operating system. At server side, it detects 
changes in the GUI of the shared application. The server then 
prepares a RTP packet containing en-coded image of the updated 
region. RTP allows the clients to re-order the packets, recognize 
missing packets and synchronize application sharing with other 
media types like audio and video. The screen updates can be 
encoded with PNG, JPEG. PNG is an open image format which 
uses a lossless compression algorithm [5-6] and more suitable 
for computer generated images. JPEG is lossy, but more suitable 
for photographic images. The server supports both multicast and 
unicast transmissions. For unicast connections, either UDP or TCP 
can be used.  TCP provides reliable communication and flow control. 
Therefore, it is more suitable for unicast sessions. TCP clients may 
have different bandwidths, so we have developed an algorithm 
which sends the updates at the link speed of each client. For UDP 
clients, the server controls the transmission rate because UDP does 
not provide flow and congestion control. Several simultaneous 
multicast sessions with different transmission rates can be created 
at the server. Briefly, the server can share an application to TCP 
clients, UDP clients, and several multicast addresses in the same 
sharing session. Participants of a sharing session can join in 
anytime, and they need the full screen buffer before receiving 
partial up-dates. Therefore, they send a RCTP-based feedback 
message, Full Intra-frame Request (FIR) [21], after joining in 
the session. The server prepares and transmits the image of the 
whole shared region after receiving a FIR message. Preparing a 
full screen update is costly in terms of CPU, so the sharing server 
stores the generated image for some time. Although multiple users 
could receive the screen updates simultaneously, clearly only one 
of them can manipulate the application via keyboard and mouse 
events. For mouse and keyboard events Java’s own key-codes 
are used because these events are captured from a Java client and 
regenerated by a Java component at the server. These key-codes 
are publicly available because Java is an open-source project.

V. PDS Protocol
PDS Clients and servers communicate using the PDS protocol 
which defines the packet structures and message types. The 
protocol defines five messages from server to client and two 
messages in the reverse direction (Table 2). Each new client needs 

one “open new window” message for each shared window. For 
TCP clients server transmits this message right after the connection 
establishment. UDP based clients send a “full intra-frame request” 
to the server when they join the session. Receiving this FIR 
message server first transmits “open new window” messages 
and then the whole screen image via “region update” messages. 
Each protocol message consists of a RTP header, message type 
identifier, window identifier and message specific payload (Table 
3). Message specific payload structure and length are determined 
by the message type. “Close window” message does not have a 
message specific payload whereas “window size update” message 
carries new size information in this part. These messages are 
carried on UDP packets for UDP clients. Neither TCP nor RTP 
declares the length of the RTP packet therefore; RTP framing is 
used to split RTP packets for TCP clients. Server and clients should 
ignore messages with an unknown message type. New message 
types can be easily added to the protocol.

Table 2:

RTP HEADER Message 
Type Window ID Type Specific 

Payload

VI. Client Architecture
The PDS client is very simple compare to the server, receiving 
screen updates from the server and displaying them to the user. 
It is completely stateless in the sense that it can disconnect and 
reconnect to the server. Due to its simplicity, client for different 
platforms can be developed easily. A Java PDS client has been 
developed and can run on any Java supported system. PDS 
clients can be passive or active. In active mode, they connect 
to PDS servers whereas in passive mode they wait for incoming 
connections. All participants of a sharing session can be view-only 
or they can request the control from the server. After the server 
grants the floor the client captures all keyboard and mouse events 
locally and transmits them to the server.

VII. Server Architecture

Fig. 1: Server Architecture
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The sharing server is a user-mode process which complements 
the image generator. It keeps track of the frame buffer and the list 
of updated regions. The sharing server does rest of the duties. It 
handles connection establishment. It optimizes compresses and 
transmits screen updates. Keyboard and mouse events are also 
handled by the sharing server (fig. 1). The multi-threaded sharing 
server can serve multiple clients simultaneously. The server can 
wait for incoming connections and it can also connect to clients 
directly if instructed by the user. The sharing server has been 
designed considering the following challenges. 

Participants may have different bandwidths.1. 
Some participants may join lately.2. 
The effects of packet losses3. 
Reliable multicasting4. 
Some regions require different encoding5. 

The sharing server has one main thread, one manager thread and a 
number of client threads. The main thread periodically checks the 
updated regions and prepares compressed images of these regions. 
These images are inserted to the image ring buffer which stores 
them until they are transmitted by client threads. The algorithm 
of the main thread is given below (Algorithm 1).

Algorithm 1: The Algorithm of the Main Thread

VIII. Serving Window Updates to Different Bandwidth 
Users
Encoding screen updates are CPU-intensive operations, so there 
is no point in generating lots of updates if the clients do not have 
enough bandwidth. The manager thread observes each clients 
bandwidths and throttles the main thread according to the highest 
bandwidth client. This technique can be easily explained with a 
movie playing example. Assume that the user shares a movie with 
remote participants. The same region of the screen is updated 24-30 
times per second. Initially, the server tries to generate as many up-
dates per second as possible. If at least one of the clients has enough 
bandwidth to receive these updates, the manager thread allows the 
main thread to continue this pace. But if none of the clients has 
enough bandwidth to deal with that update rate, then the manager 
thread slows the main thread by forcing it to sleep between update 
generations. Therefore, the main thread will generate a single 
update by combining several updates into one. The manager thread 
tries to equalize the update generation rate to the fastest client’s 
bandwidth speed. This technique prevents unnecessary CPU usage 
in the sharing server. The effective bandwidths of clients may 

change during the sharing session; this is properly handled by the 
manager thread because it checks clients’ effective bandwidths 
periodically. Briefly, the main thread combines several updates 
into one update in order to decrease the bandwidth requirement. 
Similar technique is utilized by the low bandwidth client threads. 
The fastest one transmits the generated updates in order; how-ever 
other clients may not transmit all the generated updates due to their 
low bandwidths. These low bandwidth clients skip some of the 
updates if they are obsoleted by the newer updates. Going back 
to video player example, the fastest may transmit 12 frames per 
second, whereas the others may transmit some of these generated 
frames permitted by their bandwidths.

A. Encodings
The updates are distributed as jpeg images for Desktop Streaming 
and movies. PNG is very suitable and efficient for computer 
generated images. However, it’s lossless nature results large 
increase in compressed image size for photographic images with 
negligible gain in quality compare to JPEG which is specifically 
designed for photographic image data. Therefore, we use JPEG 
for photographic images and movies. Image generator runs at 
the frame buffer level and at this level there are only bits and no 
metadata. Fortunately detecting movie playing is very easy due 
to its special characteristic.  Different from other applications, 
movies generate 24-30 updates per second in a specific region of 
the screen. Benefiting from this characteristic we have developed 
an algorithm to detect movie playing in order to use JPEG encoding 
for this region. Consecutive updates to a specific region trigger 
the detection. Detection algorithm uses the JPEG encoding on the 
region and compares the compressed image size. When we have 
played a movie which starts with a black screen and then displays 
some texts on this background and then continues with the movie 
itself. In this specific case, the server first used PNG and then 
automatically switched to JPEG after the actual movie starts.

B. Minimizing the Effect of Packet Loss for UDP 
Clients
UDP is not a reliable transmission mechanism therefore, packets 
can get lost. Region updates may require several kilobytes or 
even megabytes and unless designed carefully a single packet 
loss may destroy the region update completely because region 
updates are compressed and they cannot be decompressed without 
complete data. In order to minimize the effect of packet loss we 
have developed an algorithm which generates several small PNG 
images for a given update region. Blindly generating a PNG image 
for each scan line may increase the bandwidth usage because a new 
zlib compressor object should be created for each new PNG. And 
creating a new zlib compressor decreases the compression ratio 
so, the bandwidth usage increases. The developed algorithm tries 
to maximize the number of scan lines included in a single screen 
update while trying to keep the generated image size below 1500 
bytes which the maximum MTU for ethernet. Due to its adaptive 
nature it may feed tens of lines for a text document whereas it may 
feed only a single line for a photographic image. We have observed 
approximately twenty percent increase in bandwidth due to small 
PNGs. Transmitting self-contained UDP packets minimize the 
effect of packet loss. Instead of losing the complete region update, 
participants may lose only a few scan lines in case of a packet 
loss. They may end up with imperfect frame buffer due to packet 
losses but they may continue to participate to the session. 
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C. Better Movie Support (Experimental)
As mentioned before we have developed an algorithm to detect 
movie playing. Server starts using JPEG encoding for the detected 
region which increases frame per second and also decreases 
bandwidth usage dramatically without any distinguishable loss 
by eye from the original. This technique can be improved by by-
passing the rendering to frame buffer.

Fig. 2:
Fig. 2, demonstrates the necessary steps for each of these 
techniques. In the  regular approach user plays the movie in the 
server with any movie player and the frames are captured from 
frame buffer and compressed into JPEG images. In the transcoded 
case, the user selects the movie he want to share with participants 
and the frames are directly read from input file and transcoded 
on-the-fly into JPEG images in real-time. These JPEG images are 
transmitted into participants according to their bandwidths such 
that low bandwidth users get less fps compare to high bandwidth 
users. 

IX. Conclusion
We have developed an application and desktop sharing system 
using Pandaboard (ARM mobile platform) which is scalable, 
efficient, and independent of operating system over WLANs. PDS 
supports all applications due to its generic model, and transmits 
only the shared application and its child windows. We have used 
industry standards like RTP, and JPEG. PDS uses very little CPU 
usages. VNC and RDP consume roughly the same bandwidth 
for Desktop Streaming However; PDS uses several times less 
bandwidth than the others for playing movies. 
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