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Abstract
The main objective  of  the Magic WAND (Wireless  ATM Network Demonstrator)  project  was to  develop  a  
wireless ATM demonstrator system and evaluate  it  in real-life user environment.  The output  of  the project  
comprised a Wireless ATM Access Network Demonstration system. The developed applications and the WAND 
hardware was evaluated in different user trials. In this paper we focus on the main results and conclusions of  
the  wireless  user  trials  organised  in  Tampere,  Finland.  The  wireless  trials  were conducted  with a  mobile  
terminal within laboratory environment. The users were office workers not familiar with the WAND system. We 
present the performance evaluation of the WAND radio system recorded during the user trials. Additionally, we 
discuss multipath tolerance measurements performed using a hardware radio channel simulator. Finally we 
review the subjective user opinions of the Magic WAND system. 

Introduction
Within  the  ACTS Magic  WAND project,  a  wireless  ATM Network  Demonstrator  has  been  developed 
demonstrating that wireless access to ATM, capable of providing real multimedia services to mobile users, 
is technical feasible. 

The project was completed by four sets of user trials: medical field trials at Ulm (Germany) and 
Tampere  (Finland)  and  office  field  trials  at  Hildesheim  (Germany).  For  the  medical  trials  at  Ulm and 
Tampere, a standard ATM testbed was used and the emphasis was on evaluating the usefulness and stability 
of the developed applications. For the mobile computing trials at Hildesheim, students used the WAND 
terminal  to retrieve Web-pages enhanced by various  multimedia  applets  using wireless  ATM. Different 
performance evaluation runs have been performed in order to evaluate the different parts of the software 
more deeply [6D5].

The fourth set of trials was the wireless user trials in Nokia laboratory in Tampere, Finland. The 
objective  was to  evaluate  the quality  of  service  of  the wireless  connection and the  functionality  of  the 
WAND radio system. Furthermore, the aim of the wireless trials was to assess the differences between the 
performances of a standard ATM connection and the wireless ATM connection developed in the WAND 
project. 

In this paper we present the set-up and the evaluation results of the wireless user trials in Tampere. 
The analysis is based on measured radio performance data recorded during the user trials and subjective 
user opinions. Furthermore, the multipath tolerance of the WAND radio system was evaluated outside the 
user trials by using a hardware radio channel simulator. 

In the first section we shortly review the objectives of the trials and describe the evaluation process. 
In the second section we present the radio set-up used in the trials. In the following sections III and IV we 
discuss the results of the measurements and present the feedback from the test users. Finally, we conclude 
the results of the wireless trials.

Section I: Objectives and the evaluation process
The wireless trials were carried out with a full radio subsystem and thus the evaluation was focused on 
wireless aspects.  The main objective was to demonstrate  and test the feasibility of a radio based ATM 
access system in an office environment. The aspects studied were: quality of transmitted data, delays in the 



connection,  stability  of  the  connection  and  the  radio  functionality.  The  users  were  asked  to  assess  the 
selected attributes on four types of video connections: 

• real-time video connection: wireless radio connection versus a standard ATM connection
• video playback: wireless radio connection versus a standard ATM connection

The trials were conducted with eight office workers who were not familiar with the WAND system, video-
conferencing software [KSS98] or application sharing [SKLDP97] system. In addition to the user feedback 
the actual radio performance was measured and recorded during the trials. The trials were carried out in four 
sessions.  Each session involved two users of  which one used the mobile  terminal  and the other used a 
wireless  local  terminal.  The  users  accessed  the  applications  both  through  the  wireless  access  and  the 
standard ATM connection. A usability expert observed the trials and guided the users in trial assignments if 
necessary.  The  users’  subjective  opinions  were  gathered  by  a  questionnaire  and  an  interview  after 
completing the trial tasks. In the questionnaire, the users assessed the quality aspects of the wireless and the 
wired connections. The questionnaire was designed in co-operation with USINACTS project, a horizontal 
ACTS project, which supports other ACTS projects in usability issues. 

The  following  applications  were  used  to  conduct  trial  tasks:  Microsoft  NetMeeting,  Microsoft 
Internet  Explorer,  MS Windows MediaPlayer and MSDOS FTP client.  NetMeeting was used for video-
conferencing and application sharing. The shared application was Internet Explorer. The MediaPlayer was 
used for video playback (MPEG format) which were located on the other terminal. A FTP client was used 
for transferring files from an FTP server to collect statistics for the performance measurements.

Section II: Equipment set-up
The user trial equipment set-up [LA98] consisted of four PCs (200 MHz). The two application terminals 
were standard PCs with Windows 95 operating system, Winnov audio / video cards, cameras and Olicom 
ATM cards.  The two radio terminals were HP Vectra PCs with MSDOS 6.22, Olicom ATM cards and 
WAND radio hardware. 

A fibre was used to connect the application terminals with the radio terminals in the radio link set 
up. Application terminals and radio terminals were configured to compose a permanent virtual circuit (PVC) 
and to use Classical  IP over ATM to enable the use of legacy TCP/IP protocol  applications.  The other 
application terminal  was also connected to the Nokia intranet  via a 3Com Ethernet  card. There was an 
internet  proxy server installed in this terminal which made access to the Internet  possible also from the 
application terminal which was connected only to its radio terminal.

An optimal position was determined for the Access Point (AP) while the Mobile Terminal (MT) 
was  moved  between  several  locations.  The  entire  MT was  built  into  an  easily  moveable  trolley.  First 
location of the MT was in the same room as the AP with a distance of 5 m between AP and MT. Clear line-
of-sight  (LOS)  conditions  applied  into this  set  up,  although  several  people  moved around in  the  room 
blocking the LOS path every now and then. Second location was in a corridor passing the user trial room. 
Distance between AP and MT in this set up was about 20 m resulting in a non-line-of-sight NLOS situation. 
Again several people were moving around in both the corridor and in the user trial room. Door leading from 
the user trial room to the corridor was principally kept shut. However, several people passed through the 
door while the user trial was going on.

Figure 1, Radio set-up of the wireless user trials

Section III: WAND Radio measurement results

Performance measurements

Measurements were performed by a real-time statistics screen at the MT containing several counters on the 
performance of the radio at DLC level. Numbers that were logged during the user trials were: Bit Rate to 
MT (kbits/s), Signal Quality at MT and AP (number between 0 and 256) and CRC error in data (%). The Bit 
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Rate  to  the  MT is  actually  the  real  bit  rate  over  radio  varying  highly  if  CRC errors  are  detected  and 
retransmissions are performed by the automated repeat request (ARQ) at DLC-level. However, the actual bit 
rate  available  to  higher  layers  on  top  of  the  DLC layer  is  more  stable.  The  CRC data  error  value  is 
calculated  from  detected  CRC  data  errors  before  retransmissions  occurs,  so  it  actually  gives  a  good 
indication of the channel quality. Channel quality is a relative logarithmic 8 bit number measured from the 
Received Signal Strength Indicator (RSSI) signal. 

User trials were conducted in four sessions. In each session two users worked exactly with the same 
applications  and radio set  up – including the  two locations  of  the  MT. Figure-2 presents  measurement 
results in LOS conditions (MT was inside the same room as the AP).

Signal Quality at AP 140 –170
Signal Quality at MT 120 –170

Application in use Bit Rate (kbits/s) Data Errors (%)
NetMeeting 100 –500 0.5 – 2

NetMeeting with Sharing 100 –2000 0.5 – 5
FTP transfer 1000 – 5000 0.5 – 10

Video download 2000 –10000 0.5 – 20

Figure 2, Radio performance in LOS conditions

Video performance was excellent for low error rates (<1%). However for higher error rates (>2%) video 
quality  was  bad.  The  performance  of  the  radio  itself  in  LOS conditions  seems  to  be  good.  The  error 
percentage  is  a  linear  function  of  the  bit  rate  and  varies  significantly  if  the  radio  is  moved  in  the 
environment. Radio and DLC layer can support real-time traffic < 500 kbits/s like NetMeeting (set-up: 22 
kbit/s audio, default video settings generating about 300-400 kbit/s traffic) in fairly bad channel conditions 
(< 10% CRC data errors) easily. If real-time traffic in the order of 1-2 Mbits/s (e. g. downloading a video) is 
passed through the radio and DLC, a better channel is required ( 1-3% CRC data errors). Using non-real-
time applications (such as FTP) throughput in a good channel (< 1 % CRC data errors) is up to 3 Mbits/s. In 
a lower quality channel (< 5 % CRC data errors) throughput is in the order of 500 kbits/s to 1 Mbits/s.

Signal Quality at AP 60 –80
Signal Quality at MT 65 –75

Application in use Bit Rate (kbits/s) Data Errors (%)
Netmeeting 100 – 5000 0.5 -10

Netmeeting and Sharing 100 –10000 0.5 -20

FTP and Video not tested

Figure 3, Radio performance in NLOS conditions

Performance of the radio in NLOS conditions is somewhat lower than in LOS conditions. This is partly 
because of the much lower signal quality and partly because of the more difficult multipath environment 
generally experienced in NLOS conditions when compared to LOS conditions. Figure-3 shows statistics
information about all the four different user trials with MT in the corridor i.e. NLOS conditions. Moving the 
radio also seemed to have a more significant effect on the error performance of the radio. This also caused 
bit rate to vary significantly up to 10 Mbits/s at times when a lot of retransmissions occurred.  

Note, that Bit Rate in figure-3 and -2 corresponds to data and retransmissions. The throughput for NLOS 
conditions was significant lower than for LOS situations measured at the application level.

However low bandwidth applications (such as Netmeeting) could still be maintained fairly reliably. High 
bandwidth applications worked poorly or not at all. As peak data rates of 10 Mbits/s occurred more often 
than in LOS conditions instability of the prototype DLC layer also became more apparent.

Multipath tolerance measurements

Quantitative measurements were performed with special measurement equipment. This setup consisted of 
two complete WAND modems including DLC statistics monitoring, up- and downconverters to connect the 
5 GHz radios to the channel  simulator at  1,5 GHz and the radio channel  simulator hardware.  The used 
channel simulator PropSim provides both rf and baseband connections.



In rf connections signal quality was set to a high enough level (>60) to ensure that the residual BER 
level would be purely caused by multipath propagation. Unfortunately signal quality could not be set in 
baseband connections. Measurements revealed that a low signal quality causes increased errors with high 
rms delay spread values, see figure-4. Frame CRC header error rate starts to increase significantly after 40 - 
50 ns RMS delay spread.  This is quite well  in line with the intended performance of the WAND radio 
subsystem [AAV96].

Figure 4, Radio performance with BB and RF connections

Performance of the radio with rf connection is very similar to performance of the radio with direct baseband 
to baseband connection. Somewhat higher frame header error rates with small rms delay spread values is 
caused by imperfections in the transmitter and receiver chains that were not present in the direct baseband to 
baseband  connection.  On  the  other  hand  signal  quality  was  much  better  and  this  caused  the  error 
performance at high rms delay spreads to be somewhat better.

Section IV: User feedback
The quality  of  service  was evaluated by several  attributes  on each quality  aspect.  On video quality  the 
evaluated attributes were: outline definition, speed in image reassembling, colour, global video quality and 
relevance of video quality. On audio quality the attributes were: echo, chopping, global audio quality and 
relevance  of  audio  quality.  Finally,  on  audio-visual  quality  the  evaluated  attributes  were:  lip 
synchronisation, relevance of it and global audio-visual quality. All attributes were compared between the 
radio connection and the standard ATM connection.

The  trials  were  conducted  in  two  days,  four  users  each  day.  The  results  differ  between  the 
Wednesday users (W1-W4) and the Friday users (F1-F4) due to extent technical problems with the stability 
of the radio connection on Wednesday. This affected the results and therefore the results are examined and 
presented individually.

Video quality

The results show that all Wednesday users considered that the quality of radio connection was lower than 
the quality  of  a standard ATM connection.  The quality  of  remote  video playback was considered to be 
remarkably low with the radio connection. During the trials it became evident that pre-existing experiences 
of video conferencing applications affected the opinion and the expectation on the quality. Unexperienced 
users had lower quality demands than those who had former experiences. 

When the radio access was working properly on Friday the users (F1-F4) did not detect no difference in the 
quality of remote playback video depended of the used connection. The only remarkable superiority of the 
real-time  video  with  standard  ATM  connection  was  the  speed  in  image  reassembling.  With  the  other 
attributes the users assessed video qualities equal or almost equal, see figure-5.
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Figure 5, Speed in image reassembling

The global  video quality  of  the wireless  connection was considered equally  good as the  quality  of  the 
standard ATM connection. However, it seems that the experience of unstable wireless connection affected 
the Wednesday users to accentuate the significance of the quality of the standard ATM connection. The 
opinions  about  the  service  quality  of  the  standard  ATM connection  were  uniformly  higher  among  the 
Wednesday users than among the Friday users.

Audio quality

A collective opinion of all the users was that the audio quality aspect was more important than the video 
quality. Audio attributes were the ones that showed the greatest dispersion in comparison of standard ATM 
connection  and the  radio connection.  The Friday users  considered  the  audio attributes  of  remote  video 
playback  equally  good  on  both  connections.  The  audio  quality  of  real-time  video  connection  in  a 
videoconference situation was occasionally considered to be somewhat disturbing. The constant chopping 
and some periodic feedback ringing made it timely difficult for the users to understand each other. The radio 
connection was also tested by increasing the distance between the mobile terminal and the local terminal. 
With  the  greater  distance  the  users  considered  the  audio  quality  better  and  chopping  and  echo  less 
disturbing, see figure-6.

users
opinion

 

Figure 6, Global audio quality of the video connection

The user feedback indicates that in this trial the users were satisfied with the quality of the radio connection. 
During remote video playback the users considered the quality of radio connection to be equal to that of 
standard  ATM  connection.  The  quality  of  real-time  audio  was  however  found  to  be  unsatisfactory. 
Especially, the chopping and echo in the audio disturbed users in real-time videoconference situations. 

Audio visual quality

The users assessed the acceptability of the overall audio-visual quality by a simple yes/no answer. Opinions 
vary based on the subjective opinions of the users. Again the results differ between the Wednesday and 
Friday users. With a stable radio connection the users F1 – F4 experienced no differences in the quality of 
the remote playback video between the radio connection and the standard ATM connection. The opinions 
about the quality of real-time video differs, but almost coherently was agreed, that the overall quality was 
non-acceptable  on  neither  connections.  With  technical  problems  on  Wednesday  the  users  W1-W4 
considered the radio connection uniformly unacceptable. All Friday users considered the quality of playback 
video acceptable on both connections, see figure-7.

Type of video W1 W2 W3 W4 F1 F2 F3 F4
video playback /radio No No No No Yes Yes Yes Yes
video playback /ATM Yes Yes Yes No Yes Yes Yes Yes
real-time video /radio Yes No No No No No No No
real-time video /ATM Yes Yes No No Yes No No No

Figure 7, Users opinions of the acceptability of the audio visual quality

Global audio playback quality

0

2

4

6

8

Use
r W

1

Use
r W

2

Use
r W

3

Use
r W

4

Use
r F

1

Use
r F

2

Use
r F

3

Use
r F

4

Global realtime audio quality

0

2

4

6

8

Use
r W

1

Use
r W

2

Use
r W

3

Use
r W

4

Use
r F

1

Use
r F

2

Use
r F

3

Use
r F

4

Radio

ATM



Conclusions
The Magic WAND radio subsystem has successfully demonstrated a radio based ATM access system in the 
difficult  indoor  radio  propagation  environment.  In  good  propagation  conditions  demanding  real-time 
applications (including video) can be supported. File transfer speeds up to 3 MBits/s have been successfully 
demonstrated. This is almost twice the file transfer speed achievable with the current 2 MBits/s wireless 
LAN products. 

The settings of the TCP/IP stack effect heavily the performance of the entire trial system. If a lot of 
retransmissions occur in bad channel conditions peak data rates exceeding 10 MBits/s  are visible in the 
DLC performance statistics screen. Sustained throughput  exceeding 10 MBits/s  over the radio has been 
measured with low level ATM test tool measuring traffic directly at the ATM adapter card in the user PCs. 
However,  high performance multimedia  applications  are likely to use native  ATM services  without  the 
bottleneck of the TCP/IP stack, which will further increase the performance of the entire trial system. 

The user feedback results have shown that the global video quality of the wireless connection was 
considered equally good as the quality of the standard ATM connection. The rating of the real-time audio 
depended on the distances between the terminals. With the greater distance the users considered the audio 
quality better and chopping and echo less disturbing. In general the users were satisfied with the audio-
visual quality of playback video regardless of the connection used. But most of the users stated that the 
quality of real-time video did not fulfil  their requirements on either connection. The expectations of the 
quality of real-time video were higher than what current technology can offer at the demo platform (PC).  
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