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ABSTRACT 
 
Free Space Optical transmission of data, voice and video communication represents an 
attractive alternative for extending fiber-capacity bandwidth to the vast majority of U.S. 
businesses that are located a few miles short of today's metro fiber rings.  Free-Space 
Optics (FSO) technology enables optical transmission of information though the air when 
fiber-optic cable is unavailable or is too expensive to deploy.  
 
Many FSO systems can only be installed outdoors on rooftops, as they do not have the 
ability to work through windows.  Next-generation FSO systems are available now that 
can be installed either outdoors or indoors behind windows. When both options are 
available, service providers are able to assess the cost and benefits associated with each 
deployment scenario to arrive at the best solution.  This paper compares and contrasts the 
operational requirements, equipment, and labor costs associated with both indoor and 
outdoor deployment. 
 
ISSUES AND RATIONALE FOR INDOOR DEPLOYMENT 
 
In general, FSO systems deliver longer, more reliable links when they are not subjected 
to the power losses associated with the transmission of light through window glass or the 
vibrations that occur in office environments. Light encounters a number of obstacles as it 
travels through windows that decrease its illumination or power. First, commercial office 
glass is not optically pure – there are aberrations present which cause light to scatter or 
refract.  Double pane glass, and in some cases triple pane, exacerbates this issue. Second, 
tint is used to optimize the solar characteristics of glass for specific environmental 
objectives (heating, cooling, etc.) and for aesthetic appearance.  Third, metallic film may 
be applied to the exterior of the glass to dramatically reduce the percentage of light 
allowed to pass through it.   
 
Another challenge for indoor installations are high-frequency vibrations caused by 
slamming of nearby office doors, foot traffic and moving of heavy office equipment. 
These vibrations may reduce the reliability of an FSO link.  
 
There are a number of approaches to reduce or avoid the problems associated with indoor 
deployment – increase the power of the FSO transmitters, increase the number of 
transmitters per system, reduce the distance between the two systems, or limit 
installations to outdoors only.  One or all of these measures can be taken.  However, these 
options also make FSO deployment less attractive as they may increase the cost, reduce 
the reliability and diminish the overall market potential for the solution.  To date, almost 
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all FSO installations have been outdoors.  For the market to really grow, an advanced 
FSO solution for indoor deployment is desired. 
 
ECONOMICS OF OUTDOOR vs. INDOOR DEPLOYMENT 
Outdoor FSO deployments require a number of additional considerations than indoor 
installations. These considerations include: 
   
1) Permits (Municipal, Development, Environmental, etc.) 
2) Roof rights 
3) Cable and power access 
4) Mounting options 
 
Permits 
Each municipality and building owner requires the issuance of permits for outdoor 
equipment installation.  These permits take time and money, and place restrictions on the 
height, size, weight and appearance of equipment.  For example, local municipalities may 
require a façade be built to increase aesthetic appeal of the equipment installation. A 
locally licensed structural engineer would typically need to approve of the installation 
plans and determine weight limitations for the rooftop, if holes may be drilled in the roof 
to run cables and power, and if there are any restrictions on mounting poles or masts.  
The entire process to apply for and receive a building permit can take up to 90 days and 
cost thousands of dollars in application fees before construction can even begin. 
 
Illustrating the complexities of the permit process, it recently took a company two months 
to obtain permission to set up an FSO link in a suburban town in California.  A coastal 
development permit was first filed in city hall, which included a description of the 
equipment and technology to be installed, an analysis of any possible harmful health 
effects, and elevation drawings of the building.  Elevation drawings included drawings of 
the new equipment and the change in building height to ensure the new height would not 
violate city codes. Permission letters from the landlords of both buildings where the 
equipment would be set up were also required.  The application fee was $2,160 and took 
4 weeks to file.  Once the application was filed, neighbors in the vicinity of the building 
received a three-week notice to respond to the filing.  The company also met with the 
architectural review committee, and attended a public hearing before the planning 
commission.  The total time spent to obtain permission and start the installation was over 
12 weeks. 
 
Permits are not required for indoor installations  
 
Roof rights 
Building owners often lease space on their rooftop to service providers that wish to install 
equipment there. As with permits, obtaining roof rights typically requires a great deal of 
patience, expense and time.  Monthly fees range from $10 to $100 per square foot, and 
are highly variable from building to building and from city to city.  For a 6’ x 6’ square 
area, prices can range from $360 to $3,600 per month. 
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Negotiations are often conducted individually with each building owner, taking anywhere 
from one week to four months (average time is 30-60 days including legal inspections).  
In many cases, service providers do not deal directly with the property manager, but must 
negotiate with the telecommunications department of large property owners or Real 
Estate Investment Trusts (REITs), often increasing the delay.  
 
Roof rights are not required for indoor installations. 
 
Cable and power access  
Connecting power, fiber and CAT-5 cabling to the FSO systems is often the most 
challenging and costly issue service providers face.  Cabling may not run all the way to 
the roof and must therefore be pulled to and through the roof.  A separate power line may 
be required from the service provider’s customer suite to ensure the building owner is not 
billed for the additional electricity used.  Dedicated power circuits are preferred in all 
cases to minimize the risk of circuit interruptions.  Surge protection, lightning protection 
and an uninterrupted power supply are recommended for these circuits. All cables must 
be ‘armored’ (outdoor-rated) and mounted above any water on the roof.  
 
For indoor installations, power is usually available locally. If power or cabling to an 
additional suite is needed, this work is typically standard and performed quickly, without 
extensive construction or expense.  If power and cabling access is in the vicinity of the 
installation location, FSO system setup and turn up can be completed in hours. 
 
Mounting Options  
Heavy-duty mounts are required to minimize the effects of wind and solar loads on the 
alignment of outdoor FSO systems.  There are two common rooftop mounts:  penetrating 
(bolted to the roof) and non-penetrating (weighted down by water containers, cinder 
blocks, or sand).  
 
Penetrating mounts are firmly affixed directly to the most stable area of the supporting 
structure.  Permits are required to ensure the structural and waterproof integrity of the 
roof before the mount is installed.  Non-penetrating mounts secure the equipment atop a 
tripod weighted at the base for stability.  FSO systems are generally mounted at least six 
feet high to avoid link interruption caused by personnel walking in front of the 
equipment.  Plastic bladders can be secured to the base of each galvanized metal tripod 
and filled with several hundred pounds of water or sand.  If water is used in a cold 
environment, antifreeze must be added to the water to keep it from freezing which may 
cause the bladder to leak.  Regular maintenance is needed to monitor the antifreeze and 
any anti-mold chemicals in the water.  Environmental and building regulations specify 
the procedure to dispose of the water and chemicals.  If chemicals are not permitted, sand 
is used to fill the bladders. 
 
Here again, permits and a significant investment are required to mount units outdoors.  
The costs and time required for engineering, construction, hardened mounts, hauling sand 
or water may cost tens of thousands of dollars and take months to complete. 
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Indoor installations involve simpler, smaller mounts without stabilizing bladders.  
Engineering and construction activities are significantly reduced. 
 
Example 
The following example compares the costs to install one indoor (behind windows) and 
one outdoor (on roof) FSO system. Assumptions for this comparison are that the rooftop 
Optical Unit has a ten-story run to the CPE located indoors and that all cables, mounting 
equipment, and labor are included for both indoor and outdoor installations. Indoor 
installation including construction is estimated to take 16-30 hours, while outdoor 
(rooftop) installation is estimated at 130-180 hours.  Labor rates will also vary according 
to geographic locations. 
 
Typical Installation Tasks for Each FSO Unit  Indoor Rooftop 
AC Branch Circuit 
One 20amp dedicated circuit run a maximum of 50 ft 

$   450  

10-Story Communications Riser (rooftop only) 
Flexible 1 1/4” conduit with fiber, CAT5 & 2 
communications cables 

 $ 3,200 

10-Story AC or DC Riser (rooftop only) 
1” metal conduit  

 $ 4,520 

Behind Window Mounted FSO Unit (indoor system) 
Includes tripod floor mount with Unit mounted & 
terminated 

$   1,250  

Roof Top Mounted FSO Unit 
Includes tripod flat roof mount with Unit mounted & 
terminated. 

 $  2,800 

Roof Riser Penetrations   $  1,500 
Roof Riser Repairs (estimated)  $  1,400 
Totals $ 2,300 $ 13,420 
 
 
 
To summarize, the cost to install two indoor units is approximately $4,600, compared to 
the cost of two outdoor units being approximately $26,840.  There is a significant 
financial benefit with indoor installations.  Monthly service revenue generated from an 
OC-3 link is in the range of $5,000 per month. If service providers can turn up indoor 
FSO links in days rather than months, the installation payback time is reduced by 80 
percent. .  Indoor FSO deployment is much more attractive than outdoor deployment if 
the link performance problems associated with indoor deployments could be overcome. 
 
Advantages of Adaptive Optics-FSO for Indoor Deployment 
A solution that solves the performance problems associated with indoor deployments is 
required for the FSO market to rapidly grow.  An existing technology, modified and 
applied to FSO communication, may be the answer.  By combining patent-pending 
wavefront sensors, deformable mirrors, extremely narrow light beams and precision beam 
tracking, Adaptive Optics (AO) technology dynamically corrects signal distortions 
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caused by office windows and improves FSO system performance when encountering 
vibrations.   
 
As light passes through a window it is refracted and distorted from its original planar 
wavefront shape. If uncorrected, these distortions limit the amount of information that 
these wavefronts can reliably deliver.  In an FSO system using Adaptive Optics 
technology, these distorted wavefronts pass through a series of special lenses and mirrors 
that effectively cancel out the aberrations. The corrections occur at a rate of thousands of 
times per second. 
 
Static Window Aberrations 
Much like eyeglasses correct astigmatism in the human eye, AO corrects for similar 
higher-order aberrations caused by impurities found in all commercial window glass.  

Without AO correction, these distortions result in 
significant signal loss and limit the performance of 
current FSO systems.  By applying higher order 
correction, AO also allows the beam of light to pass 
through windows at any angle, thereby increasing the 
line of sight coverage for these systems. 
 
Window Tint and Coatings 
When windows are tinted, coated, or have a film applied, 

a smaller percentage of light passes through them – the transmissivity of the window is 
decreased.  AO enables two FSO systems to communicate with one another through a 
tightly focused beam of light.  This collimated beam retains a greater percentage of its 
energy as it travels through the atmosphere.  This additional energy can therefore be used 
to pass light through these heavily tinted windows or windows with a metallic film or 
coating. 
 
High Frequency Vibrations 
The high frequency operation of an AO system compensates for any shock vibrations 
generated in the work environment.  Higher frequency shock vibrations result from 
slamming doors and moving office furniture around.  Lower frequency vibrations, such 
as the movement of buildings due to wind, are also handled. 
 
Conclusion 
Additional operational costs associated with outdoor-only deployment of FSO systems is 
significant.  To maximize the market potential of FSO, a solution that works equally as 
well indoors is desired.  Indoor deployment is less costly, easier to install and maintain, 
and provides carriers with greater flexibility in overcoming line of sight limitations.  
Adaptive Optics technology is an enabling technology for indoor FSO installation.  AO 
successfully overcomes problems resulting from impurities in office glass, window tint, 
coatings, and film, as well as high-frequency vibrations found in an office environment. 
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