
Pocket Booklet

This guide is designed as an introduction to Free Space Optics and to 
widen understanding of this exciting communications technology.
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Introduction

This guide is designed as an introduction to Free Space Optics and to wid-
en understanding of this exciting communications technology.  
This guide will discuss the basics of the technology, the history, and the 
factors involved when specifying a Free Space Optical System.  There is 
a lot of discussion about the ‘availability’ of Free Space Optical Systems, 
and we will show how, when specified correctly, a Free Space Optical Sys-
tem is as available as a comparable radio frequency product, whilst offer-
ing great performance, implementation and financial advantages.

What is Free Space Optics

Free Space Optics is low cost communications at the speed of fibre with 
the flexibility of wireless
Free Space Optics (FSO) is the transmission of data from one place to an-
other over clear air, using infrared light as a carrier.  
Light is transmitted from point to point, as if shining a torch from
building to building.  FSO is a line of sight technology.
The infrared light emitted is not too far removed from the signals used in 
domestic remote controls for TV or video equipment.  The only real differ-
ence being that to enable the equipment to transmit over
 distances of kilometres rather than across your living room, the infrared 
light beam must be carefully focused and shaped.  An FSO system must 
be carefully mounted and aimed for maximum service availability. 
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The principle employed in a Free Space Optical System is very simple.  A 
FSO system uses a pair of transmitters and receivers, just as a fibre optic 
system.  The only real difference is the transmission medium is the atmo-
sphere rather than a glass fibre core.
If the infrared beam were pencil-thin, it would be extremely difficult to 
aim the system.  Lenses are therefore used to spread the beam.  PAV Data 
Systems spread the infrared beam in their FSO systems by an angle of 
6-11 milliradians, which is approximately a quarter to a half of a degree.  
This ensures a wide spot of light at the receiving end.  (If we launch with 
an angle of 6 milliradians, the light spot is 6 metres wide one kilometre 
away)  This beam spread serves two purposes; firstly, as mentioned be-
fore, to allow ease of installation, secondly to allow some movement of the 
buildings that the systems are mounted on.  A wide infrared beam allows 
enough latitude of movement to allow mounting of the FSO system on a 
lattice tower, essential for use in the cellular market.

The Basic Principle
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Infrared Beam alignment

Alignment of the system is crucial.  The infrared beam is not uniform, 
the majority of the light energy being in the centre of the beam, sim-
ilar to a torch beam shone at a wall. 

When aligning a system, the receiver must be in this ‘hot spot’.  
Building movement can then cause the beam to wander, but within 
the limits of the beam footprint.  To work in conditions of low visibil-
ity, it is essential for the receiver to be in this ‘hot spot’, so that the 
receiver is at the point where the greatest numbers of photons pene-
trate the fog.  It is very rare for fog and high winds to occur simulta-
neously, so the combination of movement and low visibility is highly 
unlikely. 

Auto Tracking

The all new PAV- Link-1G-2400 series of Free Space Optics data
transmission systems provides many unique advantages, and 
among these is Auto Tracking, which is now built-in to the PAV- Link-
1G-2400
product line. Auto Tracking maintains precise beam alignment despite 
even the slightest movement in the installation base, which can be 
caused by wind, temperature changes, trafic, or other environmental
factors. With built-in Auto Tracking, PAV- Link-1G-2400 optical beam 
axis will selfcorrect on a continual basis. This critical feature main-
tains sensitive communications. 
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BENEFITS OF FREE SPACE OPTICS NO RECURRING COSTS
Unlike renting a communications circuit 
from a carrier, an FSO system incurs no 
rental charges.  The end user pays once 
for the equipment and installation.  Main-
tenance is typically limited to periodic 
cleaning of the lens.

NO LICENSING
High speed radio frequency systems, 
based on microwave, need a licence from 
a government agency.  These can be ex-
pensive, and in some cases, hard to ob-
tain. FSO has no such requirement.

FAST INSTALLATION
A Free Space Optical System can be in-
stalled in half a day.  The mounting and 
alignment process typically takes under 
an hour, with cabling taking the remain-
der of the time.  An installation can be 
planned and executed very quickly.  Con-
versely, the licensing procedure for a 
microwave system can push the lead time 
out to several weeks.

HIGH DATA SPEEDS
Currently available FSO systems speeds 
range from T1/E1 rates (1.5/2.048Mbit/sec) 
through to STM-16 (2.5 Gbit/sec).  Several 
companies are investigating systems with 
capacities of up to 10Gbit/sec.
NO RADIO INTERFERENCE/CROSS 
TALK
Unlike radio systems, FSO systems are im-
mune to radio interference. Several systems 
can be mounted in the same area without 
fear of crosstalk.  

HIGH SECURITY
There is currently a lot of worry about the 
security of unlicensed radio systems.  There 
have been several demonstrations of ‘hack-
ing’ using inexpensive and freely available 
components.  Free Space Optical Systems 
are extremely difficult to eavesdrop on, us-
ing a tight, invisible beam of infrared light.  
To gain access to the data, hackers would 
have to position themselves in the beam 
path, interrupting communication.

WHO USES PAV FSO?
PAV is Used by Large Corporate Blue Chip Companies 

and the Public Sector

A large number of respected 
companies and institutions are 

using PAV’s FSO systems, ranging from universities, 
local government, and global manufacturing

 organisations. 

•   Boeing
•   Total Elf Fina
•   MG Rover
•   Guardian Newspapers
•   Freedom Finance
•   Derbyshire Police
•   Triumph Motorcycles
•   SG Bank
•   JFK Airport

•   Nuclear Electric
•   Caudwell Group
•   Toyota
•   Bangor University
•   Emirates Airlines
•   East Staffs. Council
•   Chevron Texaco
•   The Red Arrows
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Where to Use Free Space Optics

Building to Building connectivity

Free Space Optics is ideal where employees are located in more than 
one building and need connectivity between them. A typical scenario 
would be  on a campus type environment or where additional nearby 
office space is acquired. 

Cellular Backhaul/Traffic Grooming

Modern Cellular networks are making increasing demands on the in-
frastructure used to connect the base stations.  The sizes of the cells, 
particularly in inner city regions, are also shrinking.  This evolution 
means that carriers are looking for alternatives to the microwave links 
traditionally used in this area.  FSO provides high bandwidth, with no 
associated licensing costs, enabling operators to roll out enhanced ser-
vices quickly and cost effectively. 
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‘Last Mile’ Service Provisioning

FSO is increasingly being used as a ‘bridge’ technology, allowing ser-
vice providers to extend their networks into areas that would not be 
economically viable if fibre were the only connectivity choice.   
Initial customers, or ‘seed nodes’ can be connected via a high speed 
FSO link, with fibre being dug in when economics allow.  At this point, 
the FSO link can be redeployed, or left in place and utilised as a back-
up link.

LAN to LAN Enterprise Networking

 
FSO can provide native Ethernet interfaces in a LAN to LAN environ-
ment.  This eliminates expensive wide area router code and interfac-
es, simplifying support and infrastructure costs.  
A network manager can, therefore, build a resilient Ethernet network 
across a campus environment, or just a simple point to point link 
across the street, with minimal expense and network disruption.
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What do I need for a successful FSO installation?

Clear Line Of Sight
Free Space Optical systems rely on clear, uninterrupted, line 
of sight.  Care must be taken when surveying to ensure that, 
even though the line of sight is clear on the survey day, it will 
remain clear for the operational life of the system.  
Check for the following obstructions:

Trees/bushes
Some species of tree can grow up to 1metre a year.
If performing a site survey in winter, take spring growth/foli-
age into account.
 
Traffic
Road, rail and boat traffic.  If a link is running across a road, 
railway or river, the link must be positioned high enough for 
traffic not to disrupt the beam.

Chimneys/Air vents
Although not immediately a problem, an incinerator may 
discharge a lot of smoke periodically.
Hot air vents may disrupt the beam path through scintillation 
(heat shimmer)

Where to Use Free Space Optics

Disaster Recovery/Temporary Installations

Because of the speed at which FSO can be deployed, this 
technology is eminently suitable for disaster recovery.  In the 
event of an earthquake, or other natural disaster where fibre 
plant is damaged, FSO can have services up and running in 
hours, rather than days.
An unusual application for Free Space Optics, which illustrates 
this, is the use of FSO in Formula One Grand Prix racing.  The 
FSO technology provides a link from the pit garage to the pit 
wall, where a radio signal is sent to the car.  Telemetry infor-
mation from the cars can then be analysed, and adjustments 
made in real time.   
The Systems are moved from track to track, typically 16 
times in one 
season.
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Weather Effects

Fog

A Free Space Optical System will transmit in fog, approxi-
mately twice as far as you can see with the naked eye.
There is no point in just throwing more power into fog.  Once 
fog reaches a certain density, more light is reflected than 
passed through.  Although weather statistics are available 
from government meteorological departments and airports, 
these are only accurate for the area immediately adjacent 
to the weather station.  Fog is a very localised phenomenon, 
forming in river valleys and coastal areas.  Local knowledge is 
always the best indicator.

Rain and Snow

Rain and snow also have an effect on visibility, although to a 
much lesser degree than fog.  The droplet size in rain is much 
larger, typically 1000 microns in 
diameter (Fog is typically 10 microns) this scatters the light 
far less than the smaller fog particles.
Although rain and snow will take some of the surplus power, it 
is extremely rare for service to be interrupted.

Sun

One further consideration is the position of the link with re-
spect to the sun.  A free space link installed on a direct East-
West bearing may suffer from interference with the sun.  
This will only occur a couple of times a year, when the sun is 
low in the sky.  This can be avoided by careful positioning of 
the link.  For similar reasons, it is not advisable to install a 
system facing skyward.  

All Free Space Optical Systems are designed with a power 
surplus, often referred to as a ‘link budget’ of between 20 and 
40db.  This equates to a very large atmospheric loss, thus 
enabling the systems to cope with large variations in weather 
conditions.
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FSO Link Positioning 

When mounting a Free Space Optical system, the stability of the mounting 
is crucial.  As mentioned in earlier chapters, the ‘hot spot’ is in the centre 
of the infrared beam, rather like a torch beam.  If the mounting is unsta-
ble, the beam can wander, causing outages in bad weather.   
If the link is mounted badly, availability will suffer.

An FSO link relies on accurate alignment.  In the example shown above, 
the receiver will be on the edge of the beam pattern.  The link may func-
tion in good weather, but fail in fog or heavy rain.
When considering a mounting point, you must also make arrangements for 
the data and a power source.  

Remember that there are limits on cable lengths, for instance 90 metres 
for 100 Mbit/sec 100BaseT over UTP, and you may have to specify a fi-
bre connection to the link head, with a media converter in the equipment 
room.  
Most Free Space Optics systems require a 24 or 48 volt DC power supply, 
as supplying 240VAC mains to an external link head, is at best, tricky, at 
worst,
extremely hazardous.  Provision must be made for this power feed, again 
remembering that most DC power supplies will suffer massive voltage drop 
after about 100 metres of cable.
 Distance

When it comes to distances, for maximum reliability always overestimate.  
Accurate measurement of the distance that your FSO system will travel is 
essential.  A small, handheld Global Positioning System (GPS) device, or 
laser rangefinder binoculars are the ideal tools for an accurate distance 
reading.  Most Free Space Optics vendors will provide a site survey service, 
using these kinds of tools. 
It is far better to install a system ‘under distance’ with a power surplus, 
than stretch a system beyond its capable range.  Most reputable Free 
Space Optical vendors will not make extravagant claims for their systems 
capabilities.  
Most reputable Free Space Optics vendors will have sensible guidelines for 
the installation of their products.  
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Access technologies - 
A Comparasion 

FSO LMDS Unlicensed RF
Recommended Develop-

ment Distance
0.2-2 Km 2-4 Km 5-30 Km

Line of Sight Required Yes Yes Some
Bandwidth Available 2500 Mbps 600 Mbps 56 Mbps
Bandwidth Planned 10 Gbps 1 Gbps 1 Gbps

Weather Trouble Fog Rain None
Licensed No Yes No

Interference problems None None (if properly regulated) None
Secure Highly No No
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FSO Safety

The safety of any Free Space Optical System is, of course, a very important 
factor.  When working with laser products, there are rigidly defined safe-
ty standards for operators, installers and for the protection of the general 
public.
Of course, as soon as lasers are mentioned, the general public immediately 
thinks of Star Wars, or death rays.  There are certain misconceptions that 
must be addressed.
Not all lasers are dangerous
Not all LEDs are safe
We must look beyond the technology used to emit the light, and look more 
specifically at how much light emerges!
As an example, measuring the following objects using a power meter and 
light sensor produces these results;

 

FSO Safety Standards

The most universally accepted laser safety standard is EN60825-1.  This is 
the amendment of the standard (amendment 3) issued in 2001.  This stan-
dard has been harmonised across Europe and is accepted in most countries 
outside of the USA. 
 
The American standards are issued by the US Food and Drug Administra-
tion (FDA) and are based around recommendations issued by the Cen-
tre for Devices and Radiological Heath (CDRH).  Laser Classes 3A and 3B 
roughly equate to EN60825-1

The EN60825-1 standard lays down two fundamental factors in calculating 
the safety of a laser product.

Light Source Emitted Power in milliwatts
TV Remote Control (Sky Digital) 0.1
1Km FSO System 0.31
2Km FSO System 0.51
Laser Pointer 2.0
Naked Flame (Cigarette Lighter) 5
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Maximum Permittable Exposure (MPE)

This is defined as the maximum exposure time that a particular wavelength 
can be viewed without eye damage.  For devices operating in the 810-910 
region of the infrared spectrum, this is defined as 100 seconds.

Acceptable Emission Limits (AEL)

This is defined in the standards as the aperture at which the light source can 
be viewed.  For testing of Free Space Optical Systems this is set at 7mm, 
which is the size of a fully dilated pupil.
From these two factors the Nominal Ocular Hazard Distance (NOHD) is
 calculated.  This is the distance at which the system becomes eye safe.

Light Source NOHD (Meters)
2Km FSO System 0 (eyesafe at faceplate)
Traffic Light 0.5
Backlit LCD Display on industrial 
control panel

0.1

Eye Safety Examples
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Appendix A

PAV product Range For The Enterprise

200m <1Km <2Km <4Km
PAV Express √

E1 √ √ √ √

10MBS √ √ √ √

100MBS √ √ √ √

155MBS √ √ √ √

622MBS √ √

1 Gigabit √ √

<2Km <4Km
E1 √

4 X E1 √ √

16 X E1 √ √

STM 1 √ √

STM 4 √ √

PAV Product Range For The TELCO/GSM/CARRIER
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Appendix D – Glossary

2B+D: The Basic Rate Interface (BRI) in ISDN. A single ISDN circuit is divided
into two 64kbps digital channels for voice or data and one 16kbps channel for 
low
speed data and signalling. In ISDN, 2B+D is carried on one or two pairs of wires
(depending on the interface), the same wire pairs that today bring a single voice
circuit into the home or office.
ADSL: Asymmetric Digital Subscriber Line: Modems attached to twisted pair
copper wiring that transmit from 1.5 Mbps to 9 Mbps downstream (to the
subscriber) and from 16 kbps to 800 kbps upstream, depending on line distance.
APON: ATM Passive Optical Network: a passive optical network running ATM.
ATM: Asynchronous Transfer Mode. A standard implementation of cell relay,
which is a packet switching technique using packets (cells) of a fixed length. It is
asynchronous in the sense that the recurrence of cells containing information
from an individual is not periodic.
ATM25: ATM Forum defined 25.6Mbit/s cell based user interface based on IBM
token ring network.
Access Network: That portion of a public switched network that connects
access nodes to individual subscribers. The Access Network today is
predominantly passive twisted pair copper wiring.
Access Nodes: Points on the edge of the Access Network that concentrate
individual access lines into a smaller number of feeder lines. Access Nodes may
also perform various forms of protocol conversion. Typical Access Nodes are
Digital Loop Carrier systems concentrating individual voice lines to T1 lines,
cellular antenna sites, PBXs, and Optical Network Units (ONUs).
B-Channel: Bearer Channel. The fundamental component of an ISDN circuit, the
Bearer Channel carries either voice or data at 64000 bits per second (64 kbps) in
either direction.
B-ISDN: Broadband Integrated Digital Network: A digital network with ATM
switching operating at data rates in excess of 1.544 or 2.048 Mbps. ATM enables
transport and switching of voice, data, image, and video over the same
infrastructure.
BRI (Basic Rate Interface): The ISDN standard that governs how phones and 
other electronic devices are connected to the ISDN switch.
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Bandwidth: The effective carrying capacity of a telecommunications
transmission medium. Bandwidth describes how much information can be
pushed through an electronic “pipe” at any given time.
Broadband: Digital services at rates greater than 1.536 million bits (Mbps),
capable of supporting voice, video, and data, possibly using multiple channels.
CATV: Community Access Television: also known as Cable TV.
CAPI: In Europe, CAPI (Common Application Interface) provides a common
ISDN software platform for communication applications.
CCITT: Consultative Committee International for Telegraphy and Telephony. A
European-based, international advisory committee recommending worldwide
standards for transmission. This committee is now known as ITU.
CSV: Circuit Switched Voice. This is a traditional phone service.
Channel: A path for electrical transmission between two or more points. Also
called a link, line, circuit, or facility.
Channel Aggregation: Channel aggregation combines multiple physical
channels into one logical channel of greater bandwidth. With BRI ISDN
connections, channel aggregation would combine the two 64 K bit B channels
into a single, logical 128 K bit channel.
Codec: An acronym for Coder/Decoder. This device compresses (for
transmission) and decompresses (once received) digital video and analog audio
signals so that they occupy less bandwidth during transmission.
Compression: Any of several techniques that reduce the number of bits re-
quired to represent information in data transmission or storage, thereby 
conserving bandwidth and/or memory.
Core Network: Combination of switching offices and transmission plant
connecting switching offices together. In the U.S. local exchange Core Net-
works are linked by several competing Interexchange networks; in the rest of 
the world (now) the Core Network extends to national boundaries.
Data: Information represented in digital form, including voice, text, facsimile, 
and video.
Dedicated Access: A private connection between a customer’s equipment and 
a company providing transmission services. The connection bypasses the local
switched telephone network.
Dedicated Network: Sometimes referred to as a private or leased line. This 
transmission circuit is used exclusively by a single customer.
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Digital Transmission: A way of sending coded information via a series of
electric or light pulses through the air, over wires, or through glass fibers.
E1: European basic multiplex rate which packs thirty voice channels into a 256
bit frame and transmitted at 2.048 Mbps.
ETSI: ETSI is the European Telecommunications Standards Institute.
Feeder Network: That part of a public switched network which connects access
nodes to the core network.
Full Duplex: A system capable of transmitting and receiving signals
simultaneously.
Gbps: Gigabits per second. 1 Billion bits per second.
Half Duplex: A system capable of transmitting and receiving signals in one
direction at a time.
ISDN: Integrated Services Digital Network is an international standard for 
digital services on the public switched telephone network.
ISP: Internet Service Provider: an organization offering and providing Internet
services to the public and having its own computer servers to provide the
services offered.
ITU: International Telecommunication Union. Formerly known as CCITT.
Jitter: The deviation of a transmission signal in time or phase. It can introduce
errors and loss of synchronization in high-speed synchronous communications.
Kbps: Kilobits per second. 1 Thousand bits per second.
LAN: Local Area Network. A high volume data transmission signal is returned to
the sending device after passing through all or part of a communications link or
network.
LMDS: Local multipoint distribution system (LMDS) is the broadband wireless
technology used to deliver voice, data, Internet, and video services in the
25-GHz and higher spectrum (depending on licensing).
MPEG: Motion Picture Experts Group: the group that has defined the standards
for compressed video transmission.
Mbps: Megabits per second. 1 Million bits per second.
Multiplexer (MUX): A device allowing two or more signals to pass over and
share a common transmission path simultaneously.
NSP: Network Service Provider: the term for an organization offering and 
providing value added network services on a telecommunications network.
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Network: 1.An interconnected group of nodes. 2.A series of points, nodes, or
stations connected by communications channels; the collection of equipment
through which connections are made between data stations.
OC3: Optical Carrier 3: an optical fiber line carrying 155mbps; a U.S. designation
generally recognized throughout the telecommunications community worldwide.
ONU: Optical Network Unit: A form of Access Node that converts optical signals
transmitted via fiber to electrical signals that can be transmitted via coaxial cable
or twisted pair copper wiring to individual subscribers.
PBX: Private Branch Exchange is a small version of the phone company’s larger
central switching office. A PBX is a private telephone switch. It is connected to
groups of lines from one or more central offices and to all of the telephones at the
location served by the PBX.
PON: Passive Optical Network: the usual acronym for a fiber based transmission
network containing no active electronics.
POP: (Point Of Presence): A long distance carrier’s office in the local
community.
A POP is the place where the long distance carrier, or IXC, terminates long
distance lines just before those lines are connected to the local phone company’s
lines or to the town direct hookup. Each IXC can have multiple POPs within one
LATA. All long distance phone connections go through the POPs.
PPP: The Point to Point Protocol (PPP) provides for transmission of data grams
over serial point to point links.
PTT: The generic European name usually used to refer to state owned telephone
companies.
Packet: An ordered group of data and control signals transmitted through a
network as a subset of a larger message.
Port: The physical interface to a computer multiplexer, for connection of
terminals and modems.
Protocol: A formal set of conventions governing the formatting and relative
timing of message exchange between two communicating systems.
PSTN: Public Switched Telephone Network. The telecommunications network
commonly accessed by ordinary telephones, key systems, PBX trunks, and data
equipment.
SDH: Synchronous Digital Hierarchy, is the European equivalent of SONET.
They are not the same, but they are close enough that the hardware
manufacturers can make equipment that conforms to both standards at the same 
time.
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STS-1: SONET basic transmission rate of 51.84 Mbps.
SONET: Synchronous Optical Network. A standard for using optical media 
as the physical transport for high-speed, long-haul networks. SONET basic 
speeds start at 51.84 Mbps and go as high as 2.5 Gbps.
Statistical Multiplexer (STM or STDM): A device connecting multiple channels
to a single link by dynamically allocating time slots to the channels based on 
their transmission activity.
T1: A Level 1 digital transmission system operating at 1.536 Mbps. Also 
known as DS-1.
Telco: The generic name for telephone.
TPON: Telephony over Passive Optical Network: telephony using a PON as 
all or part of the transmission system between telephone switch and sub-
scriber.
Twisted Pair: Two insulated wires, usually copper, twisted together and 
often bound into a common sheath to form multi-pair cables. In ISDN, these 
cables are the basic path between a subscriber's terminal or telephone and 
the PBX or the central office.
UART: Universal Asynchronous Receiver/Transmit chip, used as
communications (COM) port in personal computers. Maximum data rates 
vary with model; the National Semiconductor 16550A
U-interface: A 2-wire ISDN circuit - essentially today's standard one pair
telephone company local loop made of twisted-wire. The U interface is the 
most common ISDN interface and extends from the central office.
Voice Compression: The conversion of an analog voice signal into a digital
signal using minimum bandwidth (16 kbps or less).
WAN: Wide Area Network: Private network facilities, usually offered by 
public telephone companies but increasingly available from alternative ac-
cess providers
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