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        APOGEE PARTNERS 
 

  apogee \AP-uh-jee\, noun:     
              The farthest or highest point; culmination.     December 1, 2004 
 
 
 

WiFi Antennas Performance Assessment Report 
 
 
Summary: Apogee Partners assessed the performance of commercially available styles of WiFi 802.11b-g antennas. 
The tests compared the performance of antennas that would typically be used on computer, display, sensor, radio or 
other devices in a WiFi enabled environment or “Hot Zone” . Antenna styles tested included panel, yagi, circular 
polarity and multi-polarized styles operating at 2.4 Ghz and 10dBi (actually ranging from 8 to 17 dBI), typical Hot 
Zone parameters. The tests were conducted November 4-5, 2004 in real world conditions of natural and man-made 
obstructions, weather, air quality, moving objects, etc. at the campus of Moraine Valley College in southwest 
Chicago and at Navy Pier on the downtown Chicago waterfront.  
 
Usable WiFi signal was captured in real world outdoor conditions (including obstruction by trees and landscape) at 
distances of 780 feet on the Moraine Valley College test range, while 600 feet was more common. Signal was 
captured by multi-polarity antenna at a distance of 1115 feet in the heavily obstructed, urban environment, while a 
distance of 800 feet of usable Hot Zone was achieved by several antennas.   
 
The testing illustrated that antenna capabilities significantly impacts on WiFi signal capture and Hot Zone “value”  
(i.e. efficacy). Usable signal capture and drop off differenced significantly across antenna units tested, and there 
were many instances of satisfactory signal capture by one or some antennas and not others. Antenna performance 
has direct implications on Hot Zone performance, IP addressable device operability and WiFi build out costs.  
 
Multi-polarity antennas demonstrated superior performance, while varying levels of performance were realized in 
different situations by each antenna. The dramatic improvement by multi-polarity antennas to capture usable signal 
under real world conditions suggests dramatically expanding opportunities for WiFi to serve connectivity needs in 
business, home, entertainment, safety, public service and government applications.  
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A. Objective 
 
WiFi (Wide Fidelity) “Hot Zones”  which operate in the 802.11a-g, 2.4Ghz radio frequency for 
Internet Protocol (IP) data transmission have expanded in business, retail, home and public 
environments. They offer low cost connectivity for computers, displays, sensors and other IP 
addressable devices, but Hot Zone efficacy offers the opportunity for Hot Zones to comprise grid-
architecture networks. Antennas performance is an important element of communications.   
 
Apogee Partners has monitored WiFi growth and published several reports on the high growth 
area of dynamic digital/electronic signage networks (DD/ESN) for commerce (retailing, 
advertising, branding, etc.) and public service (transit, tourism information, building and public 
safety, etc). These have been well received and have supported plans for ESN deployments by 
large retailers, corporate facilities, transit systems, communities, etc. throughout North America. 
These white papers are available at the Apogee Partners website and have been republished by a 
range of media.   
 
In reflection of issues related to WiFi application and performance, Apogee Partners wished to 
assess the performance of various commercially available antenna styles in real world conditions 
to determine the; 
 

a) Impact of antenna performance on Hot Zone efficacy (i.e. viability, usability, reliability, 
effectiveness), and  

b) Performance of different styles of commercially available antennas (i.e. panel, yagi, 
circular polarized and multi-polarity). 

 
The availability and application of recently patented multi-polarity antennas has been particularly 
noted by Apogee Partners during its monitoring of telecommunications developments. Multi-
polarity antennas from WiFi-Plus, Inc. have enabled wireless connectivity in situations known to 
be extremely challenging including a large digital signage network on New York streets, an oil 
refinery in Nigeria, an RV park in Yosemite National Forrest, and during fire tracking in San 
Bernardino and with bomb-squad robotics. This performance assessment has been undertaken to 
determine the degree to which antennas could offer an operational advancement of WiFi.    
 
This report aims to profile the capabilities of WiFi for hotspot leverage and further network build-
out. Apogee Partners hopes that these study results will improve awareness of antenna 
performance, introduce new options and accelerate product selection by antenna buyers, resellers 
and other decision influencers. 
 
B. Study Approach 
 
Apogee Partners wishes to thank Moraine Valley College and McCormick Place/ Navy Pier each 
in Chicago, for providing access to their location for antenna testing. As well, Wireless Valley 
Software for their use of reporting and analysis tools. (see www.wirelessvalley.com ) We believe 
their contributions offer advancement to telecommunications practices. 
 
In short, each antenna was in turn attached to a radio in the same stationary location at each of two 
different test ranges. Readings of link quality, signal level and packets received and sent were then 
taken at determined points on each range. The results were then compared. 
 
The test ranges are characterized as follows:  
 

Thank you to 
Moraine Valley 
College, Navy 
Pier and Wireless 
Valley Software  

Better antennas 
mean faster and 
less costly WiFi 
deployment 

Newly 
developed 
antennas may 
enable new 
WiFi 
applications. 
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The following describes the distance between the antenna and the signal-reading device, along 
with the obstructions between these devices at each of ten reading points on the Moraine Valley 
College (rural) test range.  
 
Reading 
Location 

Feet from 
Radio 

Obstruction(s) per reading location 
Moraine Valley College test range 

Radio 0 Indoors behind window double pane glazed windows, 15’  above ground. 
Midday. Light drizzle.   

1 90 Window only. Line of sight 
2 180 Window, 1 pine tree 
3 255 Window, 2 pine trees 
4 360 Window, mild pedestrian traffic, slight movement of willow tree 

branches 
5 435 Reading taken atop 4’  high burm. Window. Mild pedestrian traffic. 

Slight movement of willow tree branches 
6 540 4’  high burm. Window. Mild pedestrian traffic. Slight movement of 

willow tree branches. 
7 600 4’  high burm. Window. Slight movement of 2 willow tree branches 

(leaves on) and 2 large deciduous (leaves off). 
8 660 4’  high burm. Window. Slight movement of 2 willow tree branches 

(leaves on) and 2 large deciduous (leaves off). 
9 720 4’  high burm. Window. Slight movement of 2 willow tree branches 

(leaves on) and 2 large deciduous (leaves off). Small pine tree. 
10 780 4’  high burm. Window. Slight movement of 2 willow tree branches 

(leaves on) and 2 large deciduous (leaves off). Small pine tree. 
 
 

 
 

Moraine Valley College in 
Southwest Chicago offered a 
rural setting in its central 
“quad” . Signal was shot 
through double-paned coated 
glass, through bare and leaved 
deciduous and pine trees over 
cement walkways and grassy 
range including a four-foot high 
burm. Readings were taken at 
ten locations ranging from 90 to 
780 feet in natural antenna line 
of sight, plus natural and 
outdoor landscape obstructions. 

Navy Pier offered a very heavily 
obstructed urban retail, theatre, attraction, 
amusement and “gathering place”  
environment on the downtown Chicago 
waterfront. The 1,115 foot range included 
11 reading locations on 2 levels, none of 
which offered clear line of site to the 
antenna. Obstructions included walls of 
painted canvas fabric, glass, metal roofs 
and building exo-structures, brick and 
concrete. The antenna was placed 25 feet 
above the ground overlooking the upper 
level and 3 of 11 reading locations were 
indoors, with at least one wall separating 
the antenna and signal capture laptop. 

Tree and 
landscape 
obstructed 780 
foot test range 
through glass. 

Urban 
obstructions in 
a busy 1,115 
foot test range 
on 2 levels 
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The following describes the distance between the antenna and the signal-reading device, and the 
obstructions between these devices at each of the 11 reading points on the Navy Pier test range. 
 
Reading 
Location 

Feet from 
Radio 

Obstruction(s) per reading location: Navy Pier test range (Upper level 
reading sites 1-7, shift to lower level reading sites 8-11) 

Radio 0 Outdoor radio location. 25’  above ground aimed at reading locations. 
Midday. Sunny and warm.   

1 125 Deciduous trees (leaves off) 
2 250 Brick building with metal roof disrupting line of site antenna/laptop 
3 255 Metal skeleton structures, deciduous tree with leaves off 
4 430 Brick building with metal roof. Metal skeleton structures, deciduous tree 

with leaves off 
5 470 Glass, exo-skeleton metal, deciduous trees with leaves off, metal ferris 

wheel ride in motion, canvas over metal open theatre  
6 800 300 feet of sparse tropical plants. Glass, exo-skeleton metal, deciduous 

trees with leaves off, metal ferris wheel ride in motion, canvas over metal 
open theatre. 

7 815 Glass and exo-skeleton metal, 300 feet of sparse tropical plants. Glass, 
exo-skeleton metal, deciduous trees with leaves off, metal ferris wheel 
ride in motion, canvas over metal open theatre. 

8 1115 Metal skeleton structures, deciduous trees without leaves, moderate 
pedestrian traffic,  

9 820 Building structure (concrete and metal), metal structures. 
10 180 Building structure (concrete and metal), metal structures. 
11 175 Building structure (concrete and metal), metal structures. 

 
The radio used was a Parker Model WR3000, 802.11, including one antenna side attached.  
 
Cabling included LMR200 from radio 24" with female SMA from radio to N-male to female 
barrel-to-barrel connector to n-male with 33" to N-male to antenna. The Huber+Suhner panel was 
tested less 1-barrel connector and 10" of cable.  
 
A ruggedized Windows CE Tablet with a Demarc Technologies Group 200 Milliwatt Wireless 
PCMCIA, 2dBI external antenna at 2.4 Ghz DSSS 11Mpbs (Hardware Rev. 2.3 Firmware Rev 
1.3.6) was used for signal read. 
 
C. Antenna Options Considered 
 
There were no fees for study participation and this report is revenue free (i.e. put into the public 
domain). Commercially available antenna product(s) provided by suppliers for evaluation 
purposes were returned to the loaning supplier, none of whom have provided input to this report 
except publicly available materials. 
 
Apogee Partners sought performance assessment of the four commercially available styles of WiFi 
antenna including panel, Yagi, circular polarity and multi-polarized. The following antennas were 
included in the study; 
 

Antenna Model No. Ghz dBi Type 

Antenex Inc. YE240015 2.4 14.5 Yagi 

Cushcraft Corporation S2401240P 2.4-2.5 12 Panel 

Huber+Suhner, Inc. 1324.19.0002 1.7-5.8 8 Panel 

Luxul Corporation 5T-24-10 2.4 10.5 Circularly polarized 

Pacific Wireless Manufacturing Inc.  MD24-12 2.4 12 Yagi 

Radiall/Larsen Antenna Technologies R2411 2.4 11.5 Yagi 

WiFi Plus, Inc. MP18  2.4 17 Multi-polarized 

WiFi Plus, Inc. MP4 2.4 12 Multi-polarized 
  

Four antenna 
styles tested in 
eight different 
units. 
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Apogee Partners found the above firms to be very responsive and professional. 
 
Firms invited, but declined participation (by not providing evaluation units for the study) included; 
Andrew Corporation, Astron Wireless Technologies, Inc., Cisco Systems, Inc., Lumera, Maxrad, 
SuperPass Company Inc., Wireless Garden, Inc (Canterra) and Til-Tek Antennas. These firms 
failed to respond to numerous contact attempts and several failed to ship evaluation units as 
committed. 
 
Vivato, Inc. responded to the participation invitation and declined based on their focus of 
providing complete systems. Their representative noted that Vivato sourced from antenna 
suppliers for particular installations and expressed interest in seeing the study results. 
 
 
D. Overall Per formance Test Results 
 
Link quality and signal level readings are available for each antenna at each location on each 
range. The percentages of packets received and sent are used to reflect real world comparative 
performance. As well, the comparative point at which signal capture by each antenna tested is 
inadequate for communications as also noted. Following are key, ranked results. 
 
The following charts provide the ranking of antenna performance in usable signal capture for all 
locations on each range. 
 
The dBi rating of each antenna is provided because it is a performance factor. 
 
Mean Average % quantifies signal capture performance. It is derived from the percentage of 
packets actually sent and received at each location. Next, the mean average of signal capture 
percentage at each location is calculated to provide an overall percentage of signal capture for the 
entire test range to allow comparisons of the performance and relative ranking of different (each) 
antenna style. 
 
Signal loss at each range is noted as a separate item. This includes the number of reading locations 
where no signal was captured on the Moraine Valley College range, and for Navy Pier, the 
location at which signal was lost and not recaptured.   
 
 
 
Navy Pier  Test Range Results Summary   

 
 

Company in Best to Worst Ranking dBi Rank 

Mean 
Average 

%  

Locations 
with no 
signal 

     
Antenex Inc. 14.5 1 70 0 
Huber+Suhner, Inc. 8 2 67 2 
Luxul Corporation 10.5 3 63 1 
WiFi Plus, Inc. 12 4 58 0 
Radiall/Larsen Antenna Technologies 11.5 5 39 2 
Cushcraft Corporation 12 6 30 5 
Pacific Wireless Manufacturing Inc.  12 7 20 5 
 
 
 
 
 
 
 

Huber+Suhner, 
Luxul and WiFi 
Plus have 
superior 
performance in 
heavily 
obstructed 
situations. 

Link quality and 
signal level 
recorded as 
well as packets 
received and 
sent.  
 
 
 
 
Over 670 
readings in 21 
locations in 
total. 
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Moraine Valley College Test Range Results Summary  

Company in Best to Worst Ranking dBI Rank 

Mean 
Average 

%  

Location 
of signal 

loss 
     
WiFi Plus, Inc. MP18 17 1 86 No Loss 
WiFi Plus, Inc. MP4: 12 2 68 8 
Antenex Inc. 14.5 3 64 9 
Pacific Wireless Manufacturing Inc.  12 4 63 8 
Radiall/Larsen Antenna Technologies 11.5 4 63 8 
Cushcraft Corporation 12 5 59 7 
Huber+Suhner, Inc. 8 6 34 5 
Luxul Corporation 10.5 6 34 5 
 
The following chart provides the ranking of antenna performance in usable signal capture for all 
locations on both (all) ranges. 
 
Composite Test Results: Mean Average of % Packets 
Received on Both (all) Ranges  
    
Company in Best to Worst Ranking dBI Rank MA %  

    
WiFi Plus, Inc. MP18 17 1 86 
Antenex Inc. 14.5 2 67 
WiFi Plus, Inc. MP4: 12 3 63 
Huber+Suhner, Inc. 8 4 51 
Radiall/Larsen Antenna Technologies 11.5 5 51 
Luxul Corporation 10.5 6 49 
Cushcraft Corporation 12 7 45 
Pacific Wireless Manufacturing Inc.  12 8 42 
 
 
E. Per formance Test Results Standing By Reading Location  
 
The following charts rank each antenna according to the performance standing of each antenna 
across all locations. For example, the Antenex antenna showed the best signal capture capability at 
reading points on the range 4 times, and had second best signal capture on the range 2 times, etc. 
etc. There were no times (0) when the Antenex antenna captured no signal.   
 
Navy Pier  Test Range      
  Performance ranking comparison for all antennas and all reading locations 
   Number of occurrences in finish rank  
 BEST   Satisfactory  WORST 
Finish Rank 
(incl. ties) Antenex WiFi Plus 

Huber + 
Suhner Luxul 

Radiall / 
Larsen Cushcraft 

Pacific 
Wireless 

1 Best 4 2      
2 2 1 4 2    
3 2 1 2 2 1 1  
4 2  2 1 2 2  
5  2  3 2 1  
6  2  1 3  1 

7 Worst      1 4 
No Signal 0 0 2 1 2 5 5 

The best performance in 
connectivity (usable signal 
capture) for all locations on 
both rural and urban ranges 
was by 17 and 14.5 dBI 
antennas. But, significant 
scoring differences reflect 
the superior performance of 
WiFi Plus multi-polarity 
antennas overall. A close 
grouping of performance 
scores 20-25% below the 
multi-polarity antennas is 
illustrated. 

WiFi Plus, 
Inc. multi-
polarity 
antennas 
provide better 
overall signal 
capture 
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Moraine Valley College Test Range      
  Performance ranking comparison for all antennas and all reading locations  
   Number of occurrences in finish rank   
         
 BEST  Good  Satisfactory  WORST 
Finish Rank 
(incl. Ties) 

WiFi Plus 
MP18 

Radiall / 
Larsen 

Pacific 
Wireless 

WiFi Plus 
MP4 Antenex Cushcraft 

Huber + 
Suhner Luxul 

1 Best 7 6 5 4 4 5 2 3 
2 2  1 3 2 1 1  
3 1 1 1  1  1  
4     1   1 
5    1     
6         
7         

8 Worst         
No Signal 0 3 3 2 2 4 6 6 

 
F. Pr icing and Considerations 
 
Pricing as follows was provided online or by a supplier representative. Each noted price flexibility 
based on the volume of an order or potential future supply. 
 

Antenna Model No. Ghz dBi Type Pricing 

Antenex Inc. YE240015 2.4 14.5 Yagi $205 each 

Cushcraft Corp. S2401240P 2.4-2.5 12 Panel $77.29  each 

Huber+Suhner, Inc. 1324.19.0002 1.7-5.8 8 
Panel 1-9 Qty  $74.45/ea  

10-99 Qty $49.64/ea 

Luxul Corporation 5T-24-10 2.4 10.5 
Circularly polarized 1-5 Qty $74.95/each  

5-10 Qty $ 71.00/each 
Pacific Wireless  MD24-12 2.4 12 Yagi $29.95/each 

Radiall/Larsen  R2411 2.4 11.5 Yagi $184 list. $94 dealer /ea 

WiFi Plus, Inc. MP18  2.4 17 Multi-polarized $209/each 

WiFi Plus, Inc. MP4 2.4 12 Multi-polarized $189/each 
  
 
G.  Key Findings and Analysis 
 
Gain vs. polarization: Gain, “ the strength”  of signal, is a factor in “Line of Sight”  (LOS) 
connectivity, and the highest gain antennas in this study performed well when LOS was available, 
and through limited obstruction. Antenna performance is a factor of several elements including 
gain, pattern, spatial diversity and multiple polarization. While many variations on composite 
characteristic could exist through these factors, and these may differ widely at times, factors at 
certain other times could actually favor signal capture. The readings taken during this study 
indicate that, while gain is an important factor, antennas designed to capture available signal 
regardless of its state of polarization, (i.e. multi-polarized) demonstrate better performance 
characteristics.  
 
Typical antenna range (WiFi performance) in real world conditions is illustrated through these 
tests, including; 
 
·  All antennas performed well to distances of 540 feet in a tree obstructed rural test, with the 

exception of the 8dBi panel and circularly polarized antennas, which failed to capture signal 
at 360 feet. 
 

Antenna 
prices range 
from $30 to 
$205 each 
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·  Many antennas performed well to distances of 820 feet in obstructed urban situations. 
 

·  The Cushcraft panel and Pacific Wireless yagi at 430 feet experienced notable declines in 
performance. The Radiall/Larsen yagi performance declined beyond 430 feet. 

·  The multi-polarity antenna demonstrated usable signal capture of 780 feet in the obstructed 
rural environment (44% better) and 1115 feet (36% better) in the heavily obstructed, urban 
environment. 

 
 
Antenna Value is a reflection of performance and price. It bears noting that improved antenna 
performance can improve the efficacy (effectiveness) of the WiFi Hot Zone and the usage 
experience, but may also reduce the requirements and costs of signal transmitters required. 
 
·  Superior performance in signal capture was demonstrated by the multi-polarity antennas of 

WiFi Plus Inc. The magnitude of performance improvement and pricing in the range of $200 
each, suggests WiFi Plus multi-polarity antennas as offering high value in new WiFi system 
deployments to reduce overall system costs. The value of replacement current antennas in 
order to gain operational improvements of existing systems is also indicated.   

 
·  Good value is demonstrated by the Huber+Suhner Inc. panel antenna (8dBi, Model 

1324.19.0002, linear & vertical). The antenna performed well to 360 feet in the rural range 
and 800 feet in the urban range. The small 4x5x2 inch panel has a good, well-finished, 
unobtrusive appearance and is priced at under $50 (quantities over 10 units). 

 
·  Similar performance was exhibited by the Pacific Wireless Manufacturing Inc. (12dBi, Model 

MD24-12, Yagi) and Radiall/Larsen Antenna Technologies (11.5dBi, Model R2411, yagi) 
antennas with 540 feet capture distance in the rural range and 470 feet in the urban range. 

 
·  The Luxul Corporation (10.5dBi Model 5T-24-10, Circularly polarized) antenna performed 

very well on the urban range but quite poorly on the rural range (through glass with trees 
obstructing). Shooting through glass, wherein the circularly polarized signal ‘hand’  was 
switched, may have diminished performance on the Moraine Valley College range.  

 
·  The Cushcraft Corporation antenna (12dBi, Model S2401240P, Panel) showed strong signal 

performance to 540 feet in the rural range and 430 feet in the urban range, in each case, 
loosing signal capture capability abruptly beyond these reading points. 

 
  
Various considerations apply in analyzing the test results; the most important of these being the 
dBi ratings range from 8 to 17. The Huber+Suhner panel antenna used one cable length less than 
other antennas for test set-up as a matter of connection need. Every effort was made to stabilize 
test conditions at each range, however the real world scenario meant that pedestrian traffic, the 
movement of tree branches, service vehicles or amusements rides at the Navy Pier could not be 
entirely equal. Suitable antenna aim was sought where that might be an important performance 
consideration. The receiving laptop was positioned at each receiving location to gain maximum 
signal capture. The effects of movement and position were not measured during readings.   
 
H. Conclusion 
 
The results of this test indicate the superior performance of multi-polarized antennas. A full 105% 
performance differential was experienced in signal capture readings (including all reading 
locations and both ranges) between the best and poorest performing antennas. A 30% performance 
margin between the best and second best was illustrated, with more than a 30% margin in overall 
signal capture being reported between the second best and the next grouping of scores. The range 
in overall scores indicate that different yagi, panel and circularly polarized antennas demonstrate a 
wide variation in performance capabilities, but that this characteristic is much less prominent in 
multi-polarity antennas.  
 

Superior 
performance from 
WiFi Plus, Inc. 

Good value 
from Huber + 
Suhner Inc. 
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The specific performance characteristics of individual antennas or styles (panel, yagi, etc.) will be 
drawn upon to meet specific connectivity requirements and for WiFi systems. But, this test 
indicates that the multi-polarity antenna design offers improved performance, a broader 
performance range and increased application resilience. This can reduce the need for less technical 
specificity, time and cost in antenna selection, while meeting connectivity needs. At the macro 
level, this is a positive shift in commercial supply. 
 
This study offers the suggestion that through the use of available improved antenna performance, 
fewer radios may be required to meet connectivity needs in specific Hot Zones. If more of the 
signal transmitted can find its way into usable, actual connectivity, then less signal transmission is 
necessary. It follows that investment that might have been made in individual WiFi deployments 
could instead be used to increase the overall number and coverage of Hot Zones, offering a new 
level of WiFi connectivity.  
 

### 
I . Acknowledgments 
 
Apogee Partners acknowledges the participation of the firms that participated in this study. The 
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Antenna Model No. Ghz dBi Website 

Antenex Inc. YE240015 2.4 14.5 www.antenex.com 

Cushcraft Corporation S2401240P 2.4-2.5 12 www.cushcraft.com 

Huber+Suhner, Inc. 1324.19.0002 1.7-5.8 8 www.hubersuhnerinc.com 
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Radiall/Larsen Antenna Technologies R2411 2.4 11.5 www.radialllarsen.com 

WiFi Plus, Inc. MP18  2.4 17 www.wifi-plus.com 

WiFi Plus, Inc. MP4 2.4 12 www.wifi-plus.com 
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(MPEA), which own and operates Navy Pier, for access to their facilities to undertake this study. 
Navy Pier is Illinois’s largest tourist attraction receiving over 9 million visitors each year. See 
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edge testing like this. It gives students an opportunity to see first hand how product development 
takes place, and understand real-world testing scenarios” . www.morainevalley.com 
  
Apogee Partners also thanks Wireless Valley Software and its Sales Engineer Lee Black for 
allowing the temporary use of its WiFi analysis software tools for this study. 
(www.wirelessvalley.com). Wireless Valley©s products are the industry standard software solution 
for designing and managing wireless networks. 
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their support and efforts in making these tests possible. The ISMS contribution to digital signage 
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Apogee Par tners reports on key trends in advanced and emerging technologies in the areas of 
digital communications and information technologies, materials and energy.  Its focus is on the 
enabling value of innovations in supporting or advancing current business models in primary 
industry sectors such as security, automotive, aerospace, manufacturing, business services, 
entertainment, retail and logistics. See http://members.rogers.com/apogeepartners. 
 
About the author : Lyle Bunn is a Senior Partner of Apogee Partners with a focus on leading-
edge information, telecommunications, display, nano, material and biometric technologies. His 
White papers and articles are provided to a wide range of broadcast, print and online publications, 
and he regularly presents on technology trends. He has held senior positions in national 
technology associations, assisted in development of technology industry policy with the White 
House and the four levels of government, and has often facilitated the development of multi-
national trade links, including USA and Pakistan links in preparation for the Iraq invasion. Other 
projects have included establishing a North America industry-wide, on-demand, pay per use 
broadband platform for entertainment creation and distribution, architecting the technology 
industry development strategy for the province of Ontario (annually $110B revenues, 435,000 
direct employment). He produced the first satellite based educational telecast in Canada, and 
created the business plan for a transnational telecom equipment provider to advice the Board of 
Director level of the largest 100 organizations in the world. He is currently assisting in the 
advanced application of telecom and display technology for commercial and Homeland Security 
applications. Contact:  lylebunnap@hotmail.com 
 
 
Apogee Par tner  White Papers available at the Apogee par tners website include: 
 
 
�  Electronic Signage Networks as “Killer Application”  July 2004 
�  Electronic Signage Networks (ESN) for Homeland Security through Dynamic Image 

Provisioning Application (DIPA): (March 2004) 
�  Dynamic Image Provisioning Applications (DIPA) (November 2003) 
�  Investment Worthy Technologies (May 2003) 
�  Making Technology Happen (January 2003) 
 
     
Additional information about this study such as specific site readings and additional analysis can 
be obtained from Apogee Partners using contact information provided below. 
 
 
This 10 page report “WiFi Antennas Performance Assessment Report”  can be downloaded (no 
cost or registration requirement) at  http://members.rogers.com/apogeepartners. 
 
 
 
 
 
 
 
 
 
 
 
 

APOGEE PARTNERS 
Making Technology Happen 

 
apogeepartners@rogers.com   http://members.rogers.com/apogeepartners 

 
970 Eglinton Avenue East, Suite 206 Toronto, Ontario M4G 2L8 
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