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Introduction 
 

Mobile Computing can be simply described as the ability to use technology untethered.  Two main aspects play a 
big role in mobile computing, user mobility and device portability.  User mobility is the ability to communicate wirelessly 
anytime, anywhere and with anyone.  Device portability is the ability to have devices connect to a network anytime 
anywhere.  Personal Digital Assistants (PDAs) offer this type of mobility, device portability and untethered 
communication.   

 
 Being in a global communications era, mobile computing is growing more and more popularity.  The ability to 
communicate with anyone anywhere anytime is an appeasing idea to the global market.  This appeasing idea has raised 
the demand for the integration of wireless networks into existing fixed networks.  The difference between a wireless 
network and fixed network seems easy, one doesn’t use wires.  However, there are a lot of differences to consider when 
making such a comparison.  For instance, wireless networks have a higher loss of data rate due to numerous interferences 
and they have lower transmission rates.   
 
Background 
 
 Personal Digital Assistants were first introduced in the early 1980’s as a small handheld computer that could be 
used to store addresses, phone numbers, notes and daily appointments.  Over the last two decades the PDA has 
transformed from a small handheld device that stored personal information to a miniature computer that is capable of 
communicating with anyone anywhere anytime.  The introduction of the IEEE 802.11 protocol in the late 1990’s played a 
big role in connecting these small handheld devices to the information highway.  In 1997 the original IEEE 802.11 
standard was released which specified two raw data rates transferred via infrared signals.  This original standard was later 
amended when IEEE came out with 802.11a and 802.11b which increased the maximum data rate from 1 and 2 Mbps to 
54 and 11 Mbps respectively.  The 802.11b standard used the same modulation technique, direct-sequence spread 
spectrum, as the original legacy standard, it was quickly adopted as the standard for wireless communication.  Since its 
inception as the standard protocol, improvements and changes have been made to give potentially higher data rates.  
Although the modulation techniques are slightly different the principles are all based on the original 802.11 standard. 
 
Topic 
 
 With the increase in demand for mobile computing and the advancement in handheld PDA’s I am interested in 
testing the wireless behavior of these mini computers.  For my project I plan to perform numerous experiments to test the 
behavior of the 802.11 protocol on the mobile device.   The specific device I will use is the HP iPAQ, specifically the 
hx4700 series.  The device natively comes with a Microsoft operating system, Windows Mobile CE, but I plan to install a 
version of Linux on the device for its ease of customization and tools available to perform monitor network activity and 
performance. 
 
Project Goal 
 
 The goal of this project is to determine what factors affect mobile network performance by running various 
experiments.  Utilizing ad-hoc networks and network analysis tools, I hope to gain a better knowledge of what factors 
contribute to network performance with a focus on the iPAQ device. 
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Experiment Setup 
 

Tools used 
 

 The first task involved installing a version of Linux operating system onto the HP hx4700 device.  Linux was 
chosen as the operating system to use over Windows Mobile because it offered a more functional environment for the 
project.  It is more customizable and has a higher amount of available network analysis and monitoring tools.  The 
specific version of Linux used was Familiar Linux v0.8.4, which is a flavor designed specifically for handheld devices.  
Wireless drivers were obtained and installed and the initial iPAQ setup was complete.  A more through description of how 
Linux was installed on the iPAQ device is included in the appendix. 
  
 The second main task before starting any real experiments was to select a network analysis tool.  A little research 
on the internet led to a tool called Iperf.  Iperf is a TCP/UDP bandwidth measurement tool.  “Iperf is a tool to measure 
maximum TCP bandwidth, allowing the tuning of various parameters and UDP characteristics.  Iperf reports bandwidth, 
delay jitter and datagram loss” (NLANR).  A more detailed explanation of the options available in the iperf program is 
detailed in the appendix but in simple terms iperf functioned as a client and a server.  The server would be started and wait 
until packets are sent to it by a client.  Once packets are received from the client the server would print TCP/UDP 
statistics to the screen based on the interval specified during initial startup. 
 

Experiment Description 
 

The original project plan included detailed descriptions of three experiments that were to be the main focus of this 
project.  The experiments as originally described were as follows: 

 
Experiment 1: Test on bandwidth and path loss.  Various factors influence radio transmission and the purpose of 

this experiment is to focus on how some of the main factors affect path loss and bandwidth such as, distance, modulation, 
carrier sense,  packet loss, packet size, transmission power and interference.   

 
Experiment 2: Test on Multi-hop and how it affects bandwidth and packet loss.  Using a 4 node setup on an ad-

hoc network in conjunction with a manual static route setup some of the experiments performed in experiment 1 will be 
performed over multi-hop.  The results would then be compared to see the effect of multiple hops.  The same tests would 
then be run again, but instead of using a manual route configuration, the AODV protocol would be used.  These results 
would then be compared to the results obtained from manual configuration. 

 
Experiment 3: Test on heterogeneous bit rates.  Using two different traffic flows on the same ad-hoc network will 

give an idea as to how heterogeneous bit rates affect network performance.  One traffic flow will be at 54 MB/s and the 
second at 6 MB/s.  Both traffic patterns will start at the same time and send the same amount of data. 

 
For every experiment run in this project there were certain control factors chosen.  The first variable was that 

these experiments would focus on the UDP protocol only.  As mentioned earlier one of the goals of this project is to 
measure network performance and having information such as packet loss makes the analysis more accurate.  “Since TCP 
does not report loss to the user, I find UDP tests helpful to see packet loss along a path” (NLANR).  The second control 
variable was that each experiment would be run for 120 second intervals with the server reporting statistics at 1 second 
interval.  To get more accurate results and to avoid data outliers each experiment will be run 5 times and then the average 
will be taken and reported. 

 
The environment was to consist of an ad-hoc network with 2 laptops and 2 HP iPAQ devices.  A description of 

how the ad-hoc networks were setup is detailed in the appendix.   
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Experiment Problems 
 
Initial tests between laptop and iPAQ devices showed very poor network performance.  It is tough determine the 

cause of the performance issues, it could be hardware or software driver related.  The graphs below, figure 1.1 and 1.2 
display the bandwidth (Kb/s) and packet loss percentage of iPAQ to iPAQ transmission next to laptop to iPAQ 
transmission.  It is evident from the graphs that there was a hardware or software problem with the laptop devices used 
during this project.  Due to the high rate of packet loss and low bandwidth reported from the laptop to iPAQ 
communication the laptop devices were removed from the experiments.  A more detailed look at the data from the laptop 
to iPAQ experiments can be found in the appendix. 

 

 
Figure 1.1: iPAQ-iPAQ and Laptop-iPAQ bandwidth comparison 

 
Figure 1.2: iPAQ-iPAQ and Laptop-iPAQ packet loss comparison 

 
According to the original project plan and goals, experiment 3 was to perform a test on heterogeneous bit rates by 

setting the traffic flows to two separate modulation rates, 6 MB/s and 54 MB/s.  After installing Linux software on the 
iPAQ devices and getting the appropriate drivers for the wireless cards, the devices were shown to only support a 
maximum of 11 MB/s data rate.  This could have been due to a hardware constraint or the drivers, but in either case it 
ruled out the chances of sending traffic at 54 MB/s.  Due to this constraint a test of different data rates was not performed 
and experiment 3 was not completed during this project. 

 
Experiment 2 was focused on the effect of multiple hops on network performance.  An ad-hoc network was to be 

composed with 4 nodes attached and then static routes manually configured to enforce multiple hops on the traffic.  There 
was difficulty getting all 4 nodes to communicate on one ad-hoc network.  According to the way ad-hoc networks 
function, the first node to join the ESSID would create an IBSS (Independent Base Set service) or cell id (Wireless 
Communication System).  Then any node connecting to the same ESSID would inherit the IBSS from the original node 
and merge into the ad-hoc network.  Well that was not the case during this project.  As displayed in Figure 1.3, each node 
wanted to create its own network.  The node would properly inherit the cell id or IBSS but would not merge into the 
network.  I am not sure how this was physically possible but because of this, experiment 2 was not part of this project and 
left for a later date. 
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Figure 1.3 Ad-Hoc Network Problem 

 
Experiment Results & Discussion 
  
 Due to problems mentioned earlier, experiment 1 became the sole focus of this project.  Experiment 1 as stated 
was too perform tests to determine what factors contributed to bandwidth and path loss.  Various factors were 
incorporated in the tests and these included the following: modulation (bit/rate), packet size, UDP buffer length, constant 
bit rate and transmission power.  Below is a description of each variation used during the experiments. 
 
 Modulation (bit/rate): 

The iPAQ devices only supported up to a maximum of 11 MB/s .  Due to this fact the modulation was 
limited in available options so for this experiment the bit/rates used were 1 MB/s, 5.5 MB/s and 11 MB/s. 

  
 Packet Size: 

Iperf allowed the client and server to send and receive different packet sizes.  The default UDP packet 
size was 1470 bytes.  For this project experiment the following packet sizes were tested:, 64, 128, 256, 512, 1024, 
1470, 2048 and 4096 bytes. 

 
 UDP buffer length: 

UDP buffer length is similar to TCP window size.  Since UDP was the protocol of choice for this 
experiment the buffer length was modified.  “Iperf works by writing an array of length bytes a number of times” 
(NLANR).  The buffer size was limited as Iperf only supported 2 different sizes, a default buffer of 102k and a 
buffer of 204k. 

 
 CBR (Constant bit rate): 

Iperf functioned by sending a specified number of bits/bytes at a constant bit rate.  This was specified by 
using the –b option and to keep with the modulation the CBR was restricted to 1 MB/s, 5.5MB/s and 11 MB/s.  
The CBR rates were used independent of the channel, meaning iperf could send 11MB/s on a 1 MB/s channel. 
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 Transmission Power: 

Transmission power was configurable through the Linux operating system using a common Linux 
command, iwconfig.  The iPAQ would send at a default 18 dBm but this was allowed to be changed to the 
following values: 2, 5, 8, 11, 14, and 20 dBm.  Each of these values was used in this project experiment. 

  
 
 Details on all the different combinations and experiments run are included in the appendix.  For discussion 
purposes some of the charts will be shown during this report.  The first discussion will be on modulation and how it 
affects bandwidth and packet loss.  In figure 1.4 & 1.5, default settings were used in Iperf, 102k UDP buffer, 1470 byte 
packet size and transmission power of 18dBm.  The CBR sent by the client matched the channel rate.  As one can see 
from the graph the increase in modulation improved the bandwidth (figure 1.4) but the lost packet percentage (figure 1.5) 
increased.  There is a common myth that increased bandwidth automatically means better performance but as shown from 
the packet loss percentage that is not always the case.  Even though a 1MB/s channel does not get the quality of 
bandwidth that an 11 MB/s channel does, it performs a lot better.  In the case of UDP protocol this is very important 
because 1 lost packet means the entire datagram is lost. 
 

 
Figure 1.4 Bandwidth per channel rate with Default settings 

 
Figure 1.5 Lost Packet percentage per channel rate with Default settings 

 
 The next discussion will be on packet size.  As mentioned earlier a more detailed explanation of the results is 
included in the Appendix.  For discussion purposes an 11 MB/s channel was used and iperf was sending at a CBR of 11 
MB/s with 102k buffer and varying packet sizes.  The iPAQ devices were also configured to transmit at the default 18 
dBm.  In Figure 1.6 one can see how the bandwidth is affected by the different size packets.  It was interesting that the 
peak bandwidth would occur at 1470 bytes, the default setting for packet size in the iperf program.  It was also interesting 
that the bandwidth actual decreased between 2k and 4k packet sizes.  I am not sure what spectrum the iPAQ ‘s used so it 
is possible that 2k is the maximum payload for a packet and that is why when 4k packets were sent the bandwidth was cut 
in half because the packets had to be cut in half during transmission.  This would require more research.  A concolusion 
that can be made from the experiment on packet size is that a smaller packet size is better when sending UDP packets 
because the lost packet percentage is almost 0, but for maximum bandwidth, 1470 byte packets are optimal. 
 



 
Figure 1.6 Bandwidth vs. Packet Size, 11M channel 

 
Figure 1.7 Lost Packet Percentage vs. Packet Size, 11M channel 

 
 The next discussion is on transmission power.  Once again more thorough details can be found in the appendix.  
For this discussion the channel was set to 11 MB/s and iperf sent at a CBR rate of 11 MB/s with a 102k buffer and 1470 
packet size.  It was very interesting to see that the bandwidth and packet lost percentage did not fluctuate amongst varying 
transmission power.  Initial assumptions would be that less power would result in a higher lost packet ratio and that an 
increase in power would decrease the lost packet ratio and increase the overall performance.  Some reasons for this might 
be because all experiments were run with the iPAQ devices within close proximity of each other.  I have a feeling that if 
the same tests were performed over a larger distance then the results might resemble the initial assumptions. 
 

 
Figure 1.8 Bandwidth vs. Transmission Power,11 M Channel 

 
Figure 1.9 Lost Packet Percentage vs. Transmission Power, 11M Channel 
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Future Considerations 
  

Future considerations for this project would include first and foremost getting the iPAQ devices to communicate 
on the same ad-hoc network.  It was a little disappointing and frustrating that this could not be completed as part of this 
project.  The same experiments could be run over a multiple hop network to compare and contrast the effect on network 
performance.  Other considerations would be to perform different variations.  UDP buffer was not tested for all packet 
sizes available and maybe by using different packet sizes one could determine the packet size that would result in the best 
bandwidth.  Distance could also be considered and as mentioned earlier may provide a better idea of how transmission 
power affects network performance. 

 

��������	
��
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Appendix A – Familiar Linux installation on iPAQ hx4700 
1. Find instructions from the internet for reference 

1.1.  http://www.handhelds.org/moin/moin.cgi/HpIpaqHx4700HowtoInstallLinux 
1.2.  http://www.handhelds.org/moin/moin.cgi/HpIpaqHx4700OriginalBootloader 
1.3.  http://wservices.ch/~lucas/hx4700/#flash_2 

2. Backup WinCE card to SD card. 
2.1.  Do not use anything larger than 1 GB 
2.2.  Have a Linux workstation available that has the package “minicom installed” 
2.3.  Reset iPaq using iPAQ reflash utility: <Contacts>+<iTask>+<Reset> 
2.4.  Configure minicom with the following options, specifying the Serial Device that the ipaq gets detected as once 

the cradle is plugged into the usb port on the Linux workstation.  You can tail dmesg to find this. 
Serial Device      : /dev/ttyUSB1 
Bps/Par/Bits       : 115200 8N1 
Hardware Flow Control : No 
Software Flow Control : No 

2.5.  Run d2s from the minicom command line. 
2.5.1. Other bootloader commands: http://opdenacker.org/pda/h2210/original_bootloader_commands.html 

3. Download and write SDG bootloader next to HP bootloader on the IPAQ device 
3.1. Download bootloader 

3.1.1. http://sdgsystems.com/pub/ipaq/hx4700/starterkit/ 
3.1.2. http://sdgsystems.com/pub/ipaq/hx4700/starterkit/20060615-gpe/ 

3.2. Write the bootloader to SD card (32 MB card worked best for me) 
3.2.1. I used a USDB SD card reader plugged into my Linux workstation for this step.  
3.2.2. If your SD card gets detected by Linux as “/dev/sdb1” then issue this command: 

3.2.2.1. sudo dd if=bootldr-1.2.5-hp.rom of=/dev/sdb 
3.2.3. Substitute accordingly if your device is detected as something else 

3.3. Put SD card in iPAQ, reset using <Contacts>+<iTask>+<Reset> and you should get SDG menu to flash ROM 
press Power button.  I got download failed and checksum failed but it still seemed to work. 

4. Install Linux  
4.1. Next download Familiar Linux from the following link with the following options selected 
 http://familiar.handhelds.org/releases/v0.8.4/install/download.html 
 stable, v0.8.4 
 hx4700 
 gpe 
4.2. Copy these files to a Compact Flash card.  I used a camera connected to my laptop via USB 
4.3. Insert the CF card into the iPAQ and remove the 32MB SD card that was used to flash.  Then hit 

<Contacts>+<Email>+<Reset> to get into SDG bootloader. 
4.4. Select kernel to burn and then after it checks the file use the record button (on the left side of the iPAQ)  

<Contacts>=Up <Calendar>=Down <iTask>=Select 
4.5.  Select the root install next and then hit record to burn it. This takes a while but once it is done you can hit the 

power button to reset the device. 
5. Once it came up I performed some initial steps. 

5.1. Settings-LoginSetup, checked AutoLogin so from now on root is automatically logged in 
5.2. Settings-Look and Feel, increased font size 

6. Next was to get internal wireless card working.  I searched and searched and here is what I did. 
6.1. Download the following files from the link below and place them all on your CF. 

http://ftp.mindstab.net/ipaq-hx4700/\\ 
 

 -RADIO0d.BIN: Firmware driver  
 -radio11.bin: Firmware driver 
 -wlangen.bin: Firmware driver 

 -install-firmware.sh: Shell script to install the firmware. The names are case sensitive so depending on how your 
6.2. Make sure all firware files are in all caps except for the d in RADIO0d.BIN 
6.3. Issue this command:  sh install-firmware.sh from the /media/cf/ directory to copy necessary firmware files.  
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Appendix B – Scripts used to set up Ad-Hoc network 
 
############################################# 
# Sean Zechman - 4/1/2008 
# Ad-Hoc network setup script 
# iPAQ2 host A (192.168.23.1) 
############################################# 
#Reload wireless drivers 
/sbin/modprobe -r hx4700_acx 
/sbin/modprobe hx4700_acx 
 
#Set ad-hoc network and configure IP address 
 
/sbin/iwconfig wlan0 mode ad-hoc channel 11 rate 11 M essid 'wlab' 
/sbin/ifconfig wlan0 192.168.23.1 
 
############################################# 
# Sean Zechman - 4/1/2008 
# Ad-Hoc network setup script 
# iPAQ2 host B (192.168.23.2) 
############################################# 
#Reload wireless drivers 
/sbin/modprobe -r hx4700_acx 
/sbin/modprobe hx4700_acx 
 
#Set ad-hoc network and configure IP address 
 
/sbin/iwconfig wlan0 mode ad-hoc channel 11 rate 5. 5M essid 'wlab' 
/sbin/ifconfig wlan0 192.168.23.2 

 
############################################# 
# Sean Zechman - 4/1/2008 
# Ad-Hoc network setup script 
# iPAQ3 host C (192.168.23.3) 
############################################# 
#Reload wireless drivers 
/sbin/modprobe -r hx4700_acx 
/sbin/modprobe hx4700_acx 
 
#Set ad-hoc network and configure IP address 
 
/sbin/iwconfig wlan0 mode ad-hoc channel 11 rate 11 M essid 'wlab' 
/sbin/ifconfig wlan0 192.168.23.3 

 
############################################# 
# Sean Zechman - 4/1/2008 
# Ad-Hoc network setup script 
# iPAQ4 host D (192.168.23.4) 
############################################# 
#Reload wireless drivers 
/sbin/modprobe -r hx4700_acx 
/sbin/modprobe hx4700_acx 
 
#Set ad-hoc network and configure IP address 
 
iwconfig wlan0 mode ad-hoc channel 11 rate 11M essi d 'wlab' 
ifconfig wlan0 192.168.23.4 
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Appendix C – Scripts used during the project 
 
############################################# 
# Sean Zechman - 4/1/2008 
# iPerf script - server setup 
# Any host 
############################################# 
 
iperf -s -u -i 1 

 
############################################# 
# Sean Zechman - 4/1/2008 
# iPerf script - ipaq1 - 1 Mbps, to HOST D 
# iPAQ1 host 1 (192.168.23.1) 
############################################# 
 
#iwconfig wlan0 rate 1M 
iperf -c 192.168.23.4 -u -b 1m -t 120 
 
############################################# 
# Sean Zechman - 4/1/2008 
# iPerf script - ipaq1 - 5.5 Mbps, to HOST D 
# iPAQ1 host A (192.168.23.1) 
############################################# 
 
#iwconfig wlan0 rate 5.5M 
iperf -c 192.168.23.4 -u -b 5.5M -t 120 
 
############################################# 
# Sean Zechman - 4/1/2008 
# iPerf script - ipaq1 - 11 Mbps, to HOST D 
# iPAQ1 host A (192.168.23.1) 
############################################# 
 
#/sbin/iwconfig wlan0 rate 11M 
iperf -c 192.168.23.4 -u -b 11m -t 120 

 
############################################# 
# Sean Zechman - 4/1/2008 
# EEC 687 Mobile Networking 
# Verify Connectivity 
# iPAQ1 host A (192.168.23.1) 
############################################# 
 
#Ping Host B, C, D 5 times each to verify connectiv ity 
 
ping -n 5 192.168.23.2 
ping -n 5 192.168.23.3 
ping -n 5 192.168.23.4 
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############################################# 
# Sean Zechman - 4/1/2008 
# EEC 687 Mobile Networking 
# Verify Connectivity 
# Laptop1 host B (192.168.23.2) 
############################################# 
 
#Ping Host A, B, C 5 times each to verify connectiv ity 
 
ping -n 5 192.168.23.1 
ping -n 5 192.168.23.3 
ping -n 5 192.168.23.4 
 
############################################# 
# Sean Zechman - 4/1/2008 
# EEC 687 Mobile Networking 
# Verify Connectivity 
# iPAQ2 host C (192.168.23.3) 
############################################# 
 
#Ping Host A, B, D 5 times each to verify connectiv ity 
 
ping -n 5 192.168.23.1 
ping -n 5 192.168.23.2 
ping -n 5 192.168.23.4 
 
############################################ 
# Sean Zechman - 4/1/2008 
# EEC 687 Mobile Networking 
# Verify Connectivity 
# Laptop2 host D (192.168.23.1) 
############################################# 
 
#Ping Host A, B, C 5 times each to verify connectiv ity 
 
ping -n 5 192.168.23.1 
ping -n 5 192.168.23.2 
ping -n 5 192.168.23.3 
 
############################################# 
# Sean Zechman - 4/1/2008 
# iPerf script - ipaq1 - 1 Mbps, to HOST D 
# iPAQ1 host 1 (192.168.23.1) 
############################################# 
 
#iwconfig wlan0 rate 1M 
iperf -c 192.168.23.4 -u -b 1m -t 120 
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Appendix D – Experiment List 
Experiment Distance Packet Size UDP Buffer Size bandwidth sent Rate Control txPower txPower 

1 Same Room 1470 102k 1M 1M 5 times 16 dBm 18 dBm 
2 Same Room 4k 102k 1M 1M 5 times 16 dBm 18 dBm 
3 Same Room 8k 102k 1M 1M 5 times 16 dBm 18 dBm 
4 Same Room 16k 102k 1M 1M 5 times 16 dBm 18 dBm 
5 Same Room 32k 102k 1M 1M 5 times 16 dBm 18 dBm 
         
6 Same Room 1470 204k 1M 1M 5 times 16 dBm 18 dBm 
7 Same Room 4k 204k 1M 1M 5 times 16 dBm 18 dBm 
8 Same Room 8k 204k 1M 1M 5 times 16 dBm 18 dBm 
9 Same Room 16k 204k 1M 1M 5 times 16 dBm 18 dBm 

10 Same Room 32k 204k 1M 1M 5 times 16 dBm 18 dBm 
         

11 Same Room 1470 102k 5.5M 5.5M 5 times 16 dBm 18 dBm 
12 Same Room 4k 102k 5.5M 5.5M 5 times 16 dBm 18 dBm 
13 Same Room 8k 102k 5.5M 5.5M 5 times 16 dBm 18 dBm 
14 Same Room 16k 102k 5.5M 5.5M 5 times 16 dBm 18 dBm 
15 Same Room 32k 102k 5.5M 5.5M 5 times 16 dBm 18 dBm 
         

16 Same Room 1470 204k 5.5M 5.5M 5 times 16 dBm 18 dBm 
17 Same Room 4k 204k 5.5M 5.5M 5 times 16 dBm 18 dBm 
18 Same Room 8k 204k 5.5M 5.5M 5 times 16 dBm 18 dBm 
19 Same Room 16k 204k 5.5M 5.5M 5 times 16 dBm 18 dBm 
20 Same Room 32k 204k 5.5M 5.5M 5 times 16 dBm 18 dBm 
         

21 Same Room 1470 102k 11M 11M 5 times 16 dBm 18 dBm 
22 Same Room 4k 102k 11M 11M 5 times 16 dBm 18 dBm 
23 Same Room 8k 102k 11M 11M 5 times 16 dBm 18 dBm 
24 Same Room 16k 102k 11M 11M 5 times 16 dBm 18 dBm 
25 Same Room 32k 102k 11M 11M 5 times 16 dBm 18 dBm 
         

26 Same Room 1470 204k 11M 11M 5 times 16 dBm 18 dBm 
27 Same Room 4k 204k 11M 11M 5 times 16 dBm 18 dBm 
28 Same Room 8k 204k 11M 11M 5 times 16 dBm 18 dBm 
29 Same Room 16k 204k 11M 11M 5 times 16 dBm 18 dBm 
30 Same Room 32k 204k 11M 11M 5 times 16 dBm 18 dBm 
         

31 Same Room 1470 204k 1M 11M 5 times 16 dBm 18 dBm 
32 Same Room 4k 204k 1M 11M 5 times 16 dBm 18 dBm 
33 Same Room 8k 204k 1M 11M 5 times 16 dBm 18 dBm 
34 Same Room 16k 204k 1M 11M 5 times 16 dBm 18 dBm 
35 Same Room 32k 204k 1M 11M 5 times 16 dBm 18 dBm 
         

36 Same Room 1470 102k 11M 11M 5 times 5 5 dBm 
37 Same Room 1470 102k 11M 11M 5 times 20 20 dBm 
         

38 Same Room 64 102k 11M 11M 5 times 18 18 dBm 
39 Same Room 128 102k 11M 11M 5 times 18 18 dBm 
40 Same Room 256 102k 11M 11M 5 times 18 18 dBm 
41 Same Room 512 102k 11M 11M 5 times 18 18 dBm 
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42 Same Room 1024 102k 11M 11M 5 times 18 18 dBm 
43 Same Room 2048 102k 11M 11M 5 times 18 18 dBm 
         

44 Same Room 64 102k 5.5M 11M 5 times 18 18 dBm 
45 Same Room 128 102k 5.5M 11M 5 times 18 18 dBm 
46 Same Room 256 102k 5.5M 11M 5 times 18 18 dBm 
47 Same Room 512 102k 5.5M 11M 5 times 18 18 dBm 
48 Same Room 1024 102k 5.5M 11M 5 times 18 18 dBm 
49 Same Room 2048 102k 5.5M 11M 5 times 18 18 dBm 
         

50 Same Room 64 102k 1M 11M 5 times 18 18 dBm 
51 Same Room 128 102k 1M 11M 5 times 18 18 dBm 
52 Same Room 256 102k 1M 11M 5 times 18 18 dBm 
53 Same Room 512 102k 1M 11M 5 times 18 18 dBm 
54 Same Room 1024 102k 1M 11M 5 times 18 18 dBm 
55 Same Room 2048 102k 1M 11M 5 times 18 18 dBm 
         

56 Same Room 64 102k 11M 5.5M 5 times 18 18 dBm 
57 Same Room 128 102k 11M 5.5M 5 times 18 18 dBm 
58 Same Room 256 102k 11M 5.5M 5 times 18 18 dBm 
59 Same Room 512 102k 11M 5.5M 5 times 18 18 dBm 
60 Same Room 1024 102k 11M 5.5M 5 times 18 18 dBm 
61 Same Room 2048 102k 11M 5.5M 5 times 18 18 dBm 
         

62 Same Room 64 102k 5.5M 5.5M 5 times 18 18 dBm 
63 Same Room 128 102k 5.5M 5.5M 5 times 18 18 dBm 
64 Same Room 256 102k 5.5M 5.5M 5 times 18 18 dBm 
65 Same Room 512 102k 5.5M 5.5M 5 times 18 18 dBm 
66 Same Room 1024 102k 5.5M 5.5M 5 times 18 18 dBm 
67 Same Room 2048 102k 5.5M 5.5M 5 times 18 18 dBm 
         

68 Same Room 64 102k 1M 5.5M 5 times 18 18 dBm 
69 Same Room 128 102k 1M 5.5M 5 times 18 18 dBm 
70 Same Room 256 102k 1M 5.5M 5 times 18 18 dBm 
71 Same Room 512 102k 1M 5.5M 5 times 18 18 dBm 
72 Same Room 1024 102k 1M 5.5M 5 times 18 18 dBm 
73 Same Room 2048 102k 1M 5.5M 5 times 18 18 dBm 
         

74 Same Room 64 102k 11M 1M 5 times 18 18 dBm 
75 Same Room 128 102k 11M 1M 5 times 18 18 dBm 
76 Same Room 256 102k 11M 1M 5 times 18 18 dBm 
77 Same Room 512 102k 11M 1M 5 times 18 18 dBm 
78 Same Room 1024 102k 11M 1M 5 times 18 18 dBm 
79 Same Room 2048 102k 11M 1M 5 times 18 18 dBm 
         

80 Same Room 64 102k 5.5M 1M 5 times 18 18 dBm 
81 Same Room 128 102k 5.5M 1M 5 times 18 18 dBm 
82 Same Room 256 102k 5.5M 1M 5 times 18 18 dBm 
83 Same Room 512 102k 5.5M 1M 5 times 18 18 dBm 
84 Same Room 1024 102k 5.5M 1M 5 times 18 18 dBm 
85 Same Room 2048 102k 5.5M 1M 5 times 18 18 dBm 
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86 Same Room 64 102k 1M 1M 5 times 18 18 dBm 
87 Same Room 128 102k 1M 1M 5 times 18 18 dBm 
88 Same Room 256 102k 1M 1M 5 times 18 18 dBm 
89 Same Room 512 102k 1M 1M 5 times 18 18 dBm 
90 Same Room 1024 102k 1M 1M 5 times 18 18 dBm 
91 Same Room 2048 102k 1M 1M 5 times 18 18 dBm 
         

92 Same Room 1470 102k 5.5M 1M 5 times 18 18 dBm 
93 Same Room 1470 102k 11M 1M 5 times 18 18 dBm 
94 Same Room 1470 102k 1M 5.5M 5 times 18 18 dBm 
95 Same Room 1470 102k 11M 5.5M 5 times 18 18 dBm 
96 Same Room 1470 102k 1M 11M 5 times 18 18 dBm 
97 Same Room 1470 102k 5.5M 11M 5 times 18 18 dBm 
         

98 Multi A-D 64 102k 11M 11M 5 times 18 18 dBm 
99 Multi A-D 128 102k 11M 11M 5 times 18 18 dBm 
100 Multi A-D 256 102k 11M 11M 5 times 18 18 dBm 
101 Multi A-D 512 102k 11M 11M 5 times 18 18 dBm 
102 Multi A-D 1024 102k 11M 11M 5 times 18 18 dBm 
103 Multi A-D 2048 102k 11M 11M 5 times 18 18 dBm 

         
104 Multi A-D 64 102k 5.5M 11M 5 times 18 18 dBm 
105 Multi A-D 128 102k 5.5M 11M 5 times 18 18 dBm 
106 Multi A-D 256 102k 5.5M 11M 5 times 18 18 dBm 
107 Multi A-D 512 102k 5.5M 11M 5 times 18 18 dBm 
108 Multi A-D 1024 102k 5.5M 11M 5 times 18 18 dBm 
109 Multi A-D 2048 102k 5.5M 11M 5 times 18 18 dBm 

         
110 Multi A-D 64 102k 1M 11M 5 times 18 18 dBm 
111 Multi A-D 128 102k 1M 11M 5 times 18 18 dBm 
112 Multi A-D 256 102k 1M 11M 5 times 18 18 dBm 
113 Multi A-D 512 102k 1M 11M 5 times 18 18 dBm 
114 Multi A-D 1024 102k 1M 11M 5 times 18 18 dBm 
115 Multi A-D 2048 102k 1M 11M 5 times 18 18 dBm 

         
116 Multi B-D 64 102k 11M 11M 5 times 18 18 dBm 
117 Multi B-D 128 102k 11M 11M 5 times 18 18 dBm 
118 Multi B-D 256 102k 11M 11M 5 times 18 18 dBm 
119 Multi B-D 512 102k 11M 11M 5 times 18 18 dBm 
120 Multi B-D 1024 102k 11M 11M 5 times 18 18 dBm 
121 Multi B-D 2048 102k 11M 11M 5 times 18 18 dBm 

         
122 Multi B-D 64 102k 5.5M 11M 5 times 18 18 dBm 
123 Multi B-D 128 102k 5.5M 11M 5 times 18 18 dBm 
124 Multi B-D 256 102k 5.5M 11M 5 times 18 18 dBm 
125 Multi B-D 512 102k 5.5M 11M 5 times 18 18 dBm 
126 Multi B-D 1024 102k 5.5M 11M 5 times 18 18 dBm 
127 Multi B-D 2048 102k 5.5M 11M 5 times 18 18 dBm 

         
128 Multi B-D 64 102k 1M 11M 5 times 18 18 dBm 
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129 Multi B-D 128 102k 1M 11M 5 times 18 18 dBm 
130 Multi B-D 256 102k 1M 11M 5 times 18 18 dBm 
131 Multi B-D 512 102k 1M 11M 5 times 18 18 dBm 
132 Multi B-D 1024 102k 1M 11M 5 times 18 18 dBm 
133 Multi B-D 2048 102k 1M 11M 5 times 18 18 dBm 

         
134 Same Room 1470 102k 11M 11M 5 times 2 dBm 2 dBm 
135 Same Room 1470 102k 11M 11M 5 times 8 dBm 8 dBm 
136 Same Room 1470 102k 11M 11M 5 times 11 dBm 11 dBm 
137 Same Room 1470 102k 11M 11M 5 times 14 dBm 14 dBm 
138 Same Room 1470 102k 11M 11M 5 times 5 dBm 5 dBm 
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Appendix E – Experiment Results (iPaq – iPaq) 
 Averaged Totals (only) 

  Interval 
Transfer 

MB 
Bandwidth 

Kb/s Jitter ms Lost Total % Lost Kbytes/sec 
1 120 14.30 1000 0.240 3.20 10206.2 0.0314% 122.03 
2 120 7.16 500.4 3.558 1830.20 3664.2 49.9481% 61.13 
3 120               
4 120               
5 120               
                  
6 120 11.90 832 4.307 1713.60 10206.4 16.7895% 101.55 
7 120 4.83 337 18.048 2427.80 3664.2 66.2573% 41.22 
8 120               
9 120               

10 120               
                  

11 120 53.40 3825.664 1.667 17943.60 56048.8 32.0142% 455.68 
12 120 9.06 631 34.718 17780.40 20099.6 88.4615% 77.31 
13 120               
14 120               
15 120               
                  

16 120 46.76 3346.432 2.388 22415.00 55751 40.2056% 399.02 
17 120 10.19 709.6 23.464 17533.20 20139.6 87.0583% 86.92 
18 120               
19 120               
20 120               
  0               

21 120 83.58 5986.304 1.981 16947.80 85868 19.7370% 713.22 
22 120 23.84 1703.936 7.997 24099.20 30204 79.7881% 203.43 
23 0               
24 0               
25 0               
  0               

26 120 84.10 6021.12 1.200 26243.00 86226.4 30.4350% 717.65 
27 120 23.64 1687.552 13.960 24081.60 30131.2 79.9225% 201.73 
28                 
29                 
30                 
                  

31 120 14.30 1024 0.293 2.33 10206 0.0229% 122.03 
32 120 23.76 1695.744 13.825 24111.80 30193.4 79.8578% 202.75 
33 0               
34 0               
35 0               
                  

36 120 79.70 5705.728 1.426 27597.40 84455.2 32.6770% 680.11 
37 120 77.46 5545.984 1.414 28106.20 83378.8 33.7090% 660.99 
                  

38 120 7.72 538.6 11.759 23.80 126520 0.0188% 65.88 
39 120 14.28 1006.896 10.232 31.40 117114 0.0268% 121.86 
40 120 26.02 1861.632 8.025 30.20 106621 0.0283% 222.04 
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41 120 46.58 3330.048 4.151 38172.00 133544 28.5838% 397.48 
42 120 71.68 5128.192 1.275 25200.20 98589.4 25.5608% 611.67 
43 120 49.68 3559.424 1.257 24407.20 49860.6 48.9509% 423.94 
                  

44 120 8.04 560.6 11.981 9.00 131758 0.0068% 68.63 
45 120 15.20 1087.488 9.526 5.80 124483 0.0047% 129.71 
46 120 27.42 1961.984 7.676 4.40 112333 0.0039% 233.98 
47 120 46.26 3309.568 1.067 22084.20 116819 18.9047% 394.75 
48 120 71.22 5095.424 0.952 7284.60 80188.6 9.0843% 607.74 
49 120 62.14 4446.208 1.064 8418.20 40222.2 20.9292% 530.26 
                  

50 120 7.79 543.4 11.123 10.00 127640 0.0078% 66.49 
51 120 14.08 983.6 0.709 34.00 115395 0.0295% 120.15 
52 120 14.30 1018.8 0.235 20.00 58565 0.0342% 122.03 
53 120 14.30 1014.4 0.460 5.40 29299 0.0184% 122.03 
54 120 14.28 998.2 0.191 33.20 14650.4 0.2266% 121.86 
55 120 14.30 999 0.642 7.80 7326.2 0.1065% 122.03 
                  

56 120 6.62 461.4 13.264 32.60 108408 0.0301% 56.49 
57 120 11.98 834.8 11.945 49.00 98035.8 0.0500% 102.23 
58 120 22.12 1581.056 9.725 3.40 90678.8 0.0037% 188.76 
59 120 34.42 2459.648 13.257 35254.20 105759 33.3345% 293.72 
60 120 46.94 3360.768 1.069 34656.40 82705.4 41.9034% 400.55 
61 120 24.58 1755.136 13.917 39577.60 52158.6 75.8793% 209.75 
                  

62 120 7.12 496.4 12.167 23.00 116663 0.0197% 60.74 
63 120 13.08 913.6 10.901 7.80 107334 0.0073% 111.62 
64 120 22.72 1622.016 7.866 0.00 92973.2 0.0000% 193.88 
65 120 34.04 2430.976 12.632 34655.20 104341 33.2135% 290.47 
66 120 47.22 3381.248 1.392 27534.20 75867.8 36.2923% 402.94 
67 120 23.32 1667.072 2.892 26961.20 38890.8 69.3254% 199.00 
                  

68 120 7.30 509 7.509 2.20 119568 0.0018% 62.28 
69 120 13.32 929.2 2.750 0.40 109116 0.0004% 113.66 
70 120 14.30 1024 0.114 0.00 58596 0.0000% 122.03 
71 120 14.30 1000 0.175 8.00 29298.8 0.0273% 122.03 
72 120 14.30 1000 0.216 5.00 14650.6 0.0341% 122.03 
73 120 14.30 999.4 0.572 4.20 7326.6 0.0573% 122.03 
                  

74 120 3.72 258.6 23.333 13.40 60929.2 0.0220% 31.73 
75 120 5.88 409 24.013 11.80 48166.2 0.0245% 50.16 
76 120 8.23 572.4 22.048 2.80 33103.4 0.0085% 70.21 
77 120 10.36 720.8 22.283 11780.00 32997.2 35.7000% 88.41 
78 120 11.82 824 20.937 21771.40 33872 64.2755% 100.86 
79 120 6.46 450.6 66.355 12803.60 16112.4 79.4643% 55.16 
                  

80 120 3.68 256.2 23.635 0.00 60358.8 0.0000% 31.42 
81 120 5.84 406.6 24.614 0.00 47867.6 0.0000% 49.87 
82 120 8.16 567.8 26.967 1.40 33420.6 0.0042% 69.61 
83 120 10.34 720.4 16.825 11762.60 32953.8 35.6942% 88.23 
84 120 11.74 818.4 21.028 21633.20 33659.2 64.2713% 100.18 
85 120 5.96 415.2 69.809 13026.40 16076.4 81.0281% 50.84 
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86 120 3.67 254.8 23.680 0.00 60083.2 0.0000% 31.30 
87 120 5.87 408.2 10.273 0.80 48090.8 0.0017% 50.09 
88 120 8.23 571.8 21.038 0.40 33690.2 0.0012% 70.20 
89 120 10.36 724.8 3.156 8113.00 29298.2 27.6911% 88.41 
90 120 11.82 825.4 3.046 2553.20 14650 17.4280% 100.86 
91 120 7.37 515.2 2.546 3551.80 7326 48.4821% 62.91 
                  

92 120 12.26 853.8 23.013 22755.60 31489.8 72.2634% 104.62 
93 120 12.40 773.2 25.332 23035.40 31873 72.2725% 105.81 
94 120 14.30 999.8 0.343 4.60 10206.6 0.0451% 122.03 
95 120 54.26 3883.008 1.190 35876.20 74581.2 48.1035% 463.02 
96 120 14.30 1000 1.572 3.60 10206.4 0.0353% 122.03 
97 120 76.84 5496.832 1.800 1314.40 56115.4 2.3423% 655.70 
                  

98 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
99 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
100 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
101 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
102 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
103 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

                  
104 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
105 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
106 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
107 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
108 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
109 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

                  
110 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
111 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
112 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
113 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
114 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
115 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

                  
116 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
117 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
118 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
119 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
120 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
121 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

                  
122 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
123 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
124 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
125 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
126 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
127 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

                  
128 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
129 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
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130 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
131 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
132 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 
133 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

                  
134 120 86.70 6205.44 1.057 25515.60 87349.8 29.2108% 739.84 
135 120 86.32 6178.816 1.002 25585.60 87158.6 29.3552% 736.60 
136 120 86.66 6192.64 1.113 25572.20 87387.6 29.2630% 739.50 
137 120 86.34 6176.768 1.115 25634.60 87208.8 29.3945% 736.77 
138 120 86.82 6215.68 1.107 25472.00 87408.2 29.1414% 740.86 
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Appendix F – Graphs from iPAQ-iPAQ experiments - Constant Channel Rate 
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Appendix G – Graphs from iPAQ-iPAQ experiments – Sending with Constant CBR 
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Appendix H – Graphs from iPAQ-iPAQ experiments – Varying Packet Size, Channel Rate = CBR 
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Appendix I – Graphs from iPAQ-iPAQ experiments – Different UDP buffers, Channel = CBR Rate 
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Appendix J – iPaq – Laptop Experiment Results 
 

  Interval 
Transfer 

MB 
Bandwidth 

Kb/s Jitter ms Lost Total % Lost 
1 120 14.30 997.6 0.605 21.60 10206 0.21% 
2 120 4.75 331.6 14.973 2447.60 3664 66.80% 
3 120 0.00 0 0.000 1832.00 1832 100.00% 
4 120 0.00 0 0.000 917.00 917 100.00% 
5 120 0.00 0 0.000 459.00 459 100.00% 
                
6 120 12.34 862.8 3.371 1397.60 10206 13.69% 
7 120 4.75 331.2 11.573 2448.20 3664 66.82% 
8 120 0.00 0 0.000 1832.00 1832 100.00% 
9 120 0.00 0 0.000 917.00 917 100.00% 
10 120 0.00 0 0.000 459.00 459 100.00% 
                

11 120 8.21 564.8 69.155 50255.80 56109 89.57% 
12 120 23.11 1639.824 68.152 14152.80 20069 70.52% 
13 120 0.00 0 0.000 10071.00 10071 100.00% 
14 120 0.00 0 0.000 5036.00 5036 100.00% 
15 120 0.00 0 0.000 2519.00 2519 100.00% 
                

16 120 8.11 553.8 66.498 50265.80 56048 89.68% 
17 120 9.95 694.6 8.080 17594.60 20141 87.36% 
18 120 0.00 0 0.000 10072.00 10072 100.00% 
19 120 0.00 0 0.000 5036.00 5036 100.00% 
20 120 0.00 0 0.000 2518.00 2518 100.00% 
        

21 120 7.55 522.2 70.493 80741.20 86134 93.74% 

22 120 23.74 1356.106 23.399 23987.60 84066 28.53% 
23 120       
24 120       
25 120       
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Appendix K – iPaq – Laptop Experiment Graphs 

 
 
 


