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Introduction 

Overview 

Perimeter protection guards against unauthorised intrusion – delaying, 
deterring and detecting potential intruders. 

To be effective, perimeter protection systems must be able to quickly, 
accurately and reliably detect unauthorised intrusion. Careful planning and 
design is required for all perimeter protection solutions, as customer 
requirements, threat levels and asset locations vary enormously. 

Passive Infra-Red (PIR) detection is an effective front-line measure, when 
used as part of a system to protect valued assets. 

The use of multiple technologies enables the most effective solution. For 
example, video technology may be used to verify an alarm triggered by a 
PIR detector, before security personnel are sent – saving time and money. 
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Infra-red Radiation 

The visible light spectrum (the colours seen in a 
rainbow) is just a small fraction of the 
electromagnetic radiation spectrum. Electromagnetic 
radiation is characterised by its wavelength, and 
visible light extends from 0.4 to 0.7 micrometres 
(millionths of a metre). Infra-red radiation has a 
longer wavelength than visible light and extends from 
0.7 (the edge of visible light) to beyond 100 
micrometres. 

Infra-red radiation is best known for its heating 
effects, such as the household electric heater. For 
this reason infra-red radiation is often measured in 
relative temperature. There are many other things 
that produce infra-red radiation, such as the sun, 
incandescent lamps, all types of working engines, 
living plants and living animals, including humans. All 
these things produce infra-red radiation which can be 
detected by electronic sensors.  

With such a large range of infra-red radiation being 
produced, an alarm sensor would trigger practically 
non-stop unless unwanted infra-red sources were 
blocked out. The heat (or infra-red) produced by 
humans is predominantly in a narrow band of the 
infra-red spectrum, centred about 10 micrometres. By 
using optical filtering techniques, a filter can be 
chosen to select this range only. 

 

 

Passive Detection 

An outdoor passive infra-red detector uses two 
narrow, telescopic, curtain shaped detection areas 
directed in its line of sight. Figure 1 shows a 
diagrammatic representation of the two curtains. For 
the area detectors, there are multiple pairs of curtains 
which are created by specialised optics. Figure 2 
shows the top view of an area detector’s field of view.  

By:  

a) separating the curtains by a small amount, and 

b) arranging the two curtains in a ‘parallel opposed’ 
configuration, any changes in ambient infra-red 
conditions picked up by each curtain are similar and 
will cancel out. Thus background noise and changing 
environmental conditions do not affect the detector. 

Generally a person, or other infra-red generating 
objects, will be in contrast with the ambient infra-red 
temperature of the background. The relative size of a 
person is such that they can only pass through one 
curtain at a time. This has an unbalancing effect on 
the curtains and is sensed as an alarm. It does not 
matter whether the person is ‘warmer’ or ‘cooler’ 
relative to the background infra-red temperature, an 
alarm will register. 

 

 

 

 
Figure 1 – Field of view 
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Figure 2 – Field of view for the PRO-18 

 

 

Environmental Effects 

Changing environmental conditions encountered 
outdoors have different effects on the various security 
sensors available to the market. In Figure 3, (a) and 
(b) show the infra-red absorption bands of the two 
primary atmospheric constituents at sea level (water 
vapour and carbon dioxide) that affect infra-red 
radiation in the 8 to 14 micron range, while (c) shows 
the typical wavelength of the infra-red radiated by 
humans. 

From the graphs in Figure 3, neither water vapour nor 
carbon dioxide has any substantial absorption of the 
infrared radiation produced by humans. Therefore, by 
using unique optical techniques, infra-red detection 
can operate exceptionally well outdoors under almost 
all environmental conditions. 
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Figure 3 – The infra-red absorption of primary atmospheric 
constituents that affect infra-red radiation and the infra-red  

radiation produced by humans 
 

Summary 

Passive infra-red detectors are designed to be 
sensitive to the heat (or infrared radiation) produced 
by a human. By using unique optical techniques, 
passive infra-red sensors can be used outdoors to 
reliably detect human intrusion, under almost all 
environmental conditions. 

 

 

The ADPRO PRO Series 

The ADPRO PRO Series detectors are medium to 
high security sensors from Xtralis. They utilise all the 
features outlined to make them extremely sensitive, 
yet very selective passive infra-red devices.  

All PRO Series detectors have efficient temperature 
compensation, ensuring a consistent level of 
detection probability across the entire temperature 
range. 

PIR detectors must be mounted above ground, 
aligned along the fence (for perimeter protection) or 
at the area to be covered (volumetric detector). 
Mounting must be stable enough to withstand strong 
winds, without movement or shaking and high 
enough to prevent vandalism. 

Security personnel may connect to ADPRO PRO 
detectors from a remote location, enabling the 
configuration of a detector to be changed, without 
having to physically visit a unit. 

 

 

 

 

 

 

 

The ADPRO PRO-250H, PRO-100 and PRO-45 are 
ideally suited for perimeter protection, for medium to 
high security applications. The PRO-85 and PRO-18 
series are used for area protection applications. They 
can be used with basic alarm systems or ideally as 
the detectors for advanced video verification systems 
such as the ADPRO V3100 network video and audio 
recorder/transmitter. 

For even higher security applications, the ADPRO 
PRO Series makes the perfect complement to the 
ADPRO Presidium high performance video intrusion 
detector. For more information about these products, 
please refer to the ADPRO PRO Series Data Sheet 
available from your nearest ADPRO distributor. 
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Introduction 

Video Motion Detection (VMD) for Security 
Applications has been available for over 20 years. 
With recent advances in technology, much more 
sophisticated VMD systems have become 
available. They appear under many different 
names: Video Motion, Video Movement, VMD, 
Analytics, Intrusion Detection, Perimeter CCTV; 
but can all be grouped as VMD systems. 

Many DVR-type products that claim to have VMD 
capability only provide a very simple algorithm that 
is not suited for outdoor applications. 

A Video Movement Detector (or Video Motion 
Detector - VMD) is a device used in conjunction 
with CCTV to generate alarms when activity occurs 
within the field of view of one or more cameras. 
Ideally it will generate alarms only when the 
observed activity is associated with a security 
threat. 

The most basic VMD systems (and the first to 
appear) were analogue devices which monitor the 
average video level (ie brightness) over defined 
parts of the image. If this level changes by more 
than a prescribed amount, within a specified time, 
an alarm is generated. Such systems are still 
produced and continue to prove their worth in a 
number of indoor applications. 

However, such systems are totally inappropriate 
for outdoor use. Their detection capabilities are 
limited at long range and under non-uniform 
lighting conditions. False alarms are generated by 
small animals or birds, cloud and tree shadow 
movements, wind induced camera movement and 
climatic conditions such as rain and snow. Far 
more sophisticated image processing is required – 
something available through digital signal 
processing technology. 

 

Digital Technology 

Like their analogue predecessors, digital VMD 
systems also rely on measuring image changes 
over time within portions of the image. Where they 
differ is in the method of the detection of image 
changes and in the processes that distinguish 
between intruder activity and other activity within 
the image. There are also techniques of analysing 
the video image and learning the scene (known as 
background modelling), automatic scene learning 
and environment learning. 

The discrimination processes applied depend on 
the level of sophistication of the VMD and are the 
primary differentiators in the levels of performance 
achieved. The processes range from simple event 
counting techniques to advanced processes that 
apply background  modelling, object identification 
and tracking techniques to reliably detect intruder 
movements. 

The Measurement Process 

All VMD systems require a measurement process. 
This process defines the size of the element that 
will be detected and the way the changes in the 
element are to be measured. The measurement 
process defines the size of the element or discrete 
portions, determines the changes in these 
elements over time and then uses this information 
in sophisticated processing routines. 

The methods of dividing the image into discrete 
portions commonly used include: 

 Pixel division – in which the image is divided 
into very small picture elements (pixels), which 
may number up to hundreds of thousands 

 Small cell division – in which the image is 
divided into a few hundreds or thousands of 
equally or variably sized cells, and 

 Large cell division – in which the image is 
divided into a few tens or hundreds of variable 
sized cells. 
 

 

 Pixel Small cell Large cell 
 division division division 
 

The pixel division method provides the highest 
level of detail but it is only with recent advances in 
signal processing computational capacity that this 
has become viable. This extra capacity has meant 
that systems working on larger cell sizes have 
been superseded. 

The method for detecting the changes is just as 
critical. Outdoor scenes are rarely ideally 
illuminated and the light intensity varies 
considerably over the area in which detection is 
required. This means that an intruder moving in the 
dark areas of a scene produces a smaller change 
in local picture brightness than in the better 
illuminated areas. If the VMD simply looks for a 
predetermined brightness change to indicate the 
presence of an intruder, it will either be insensitive 
to the intruder in the poorly illuminated areas or 
overly sensitive in the brighter areas. 
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A better approach is to calculate the contrast 
changes occurring in the scene and use these to 
determine whether an intruder is present. For most 
scenes, the contrast change presented by the 
intruder is relatively independent of the level of 
local scene illumination. 

In outdoor scenes the conditions may range from 
well controlled, even illumination, to rapidly varying 
lighting over part or the entire scene. Where the 
scene illumination is constantly changing, the 
simpler VMD systems will generate sporadic 
alarms from different portions of the image. The 
most sophisticated systems adapt the sensitivity 
according to the overall image activity, in order to 
maintain the best possible detection probability 
without creating false alarms. 

 

Image Modelling Process 

The latest generation of VMD products employ 
sophisticated learning techniques to optimise the 
performance for a wide range of sites, without 
requiring skilled set up. These are also described 
as background modelling, automated image 
learning or image modelling.  

The learning process is continuous, enabling the 
system to adapt to changing environments, for a 
better detection probability to false alarm 
performance ratio. These new learning schema 
correlate detected ‘movements’ with the learned 
scene structure. By this means, the detector can 
distinguish more reliably between non-intrusion 
activity (such as camera movements, wobbling 
objects or shadows), and real scene intrusion 
targets.  

 

Target Identification and Alarm 
Generation 

The next phase is to extract the possible targets 
from the scene and then perform some 
classification on the targets to determine whether 
an alarm should be generated. 

The pixels in the scene that are different to that 
expected from the background and models are 
extracted using contrast methods as discussed 
earlier. These pixels can then be grouped together 
(clustered) to produce contiguous objects which 
can then move to the classification stage to 
determine whether they constitute a valid target. 

Once the target has been extracted from the 
scene, further criteria are applied to determine if 
the target should generate an alarm.  

 
 

 

 

 

These criteria can include: 

 Size of the target 

 Speed of the target 

 Distance the target has moved in the image 

 Time the target has been observed 

 

These criteria, often bundled together as target 
tracking, coupled with image modelling and scene 
learning techniques, can dramatically reduce the 
false alarm levels caused by small animals and 
wind blown debris which afflict the simpler 
systems. Using size is also critical for perspective 
scaling: intruders close to the camera will appear 
much larger than those further away. By using 
pixel based processing, VMD systems can provide 
good size discrimination accuracy. 

 

System Requirements 

For a Video Movement Detector to be considered 
a valid security sensor it must incorporate methods 
of detecting internal failure or attempts to disable it. 
Potential methods of sabotage include masking of 
the camera, blinding of the camera with a high 
intensity light and cutting the cable from the 
camera. 

Continuous monitoring of the video signals 
received from the camera makes it is possible for 
the VMD system to alert the guard if the camera 
fails, the scene illumination fails, an intruder tries to 
dazzle or mask the camera or if the scene contrast 
is too low for reliable detection. System 
malfunctions can also be detected by continuous 
self-testing and power supply monitoring contained 
within the system.  

 

Using Dual Sensors 

VMD however, like other sensor technologies, is 
capable of generating a nuisance alarm for non-
human intrusions into the scene that resemble 
human like activity to the signal processor. 
Security systems should, where possible, use 
more than one sensor technology to give better 
control of the detection to nuisance alarm ratio to 
match site requirements. 
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Eliminate Nuisance Alarms 

A solution to almost totally eliminate nuisance 
alarms with VMD is to exploit the fact that humans 
radiate body heat or infra-red energy. Passive 
Infra-Red (PIR) detectors can be used in 
conjunction with VMD detection for increased 
system performance. These sensors have been 
used extensively indoors for many years and 
recent technology has produced detectors that 
operate reliably and effectively outdoors, at a 
competitive price. They may be positioned to place 
a very narrow infra-red reception curtain along the 
perimeter, within the camera field of view, and 
employ optical filtering to obtain maximum 
sensitivity around the wave-length of human infra-
red radiation. 

 

 

Passive Infra-Red Detection 

The outdoor Passive Infra-Red detector 
complements VMD very well, as it is looking for 
body heat, while the VMD is looking for human like 
activity in the camera's image. In a low threat 
situation the two sensing systems can be 
interconnected in such a way that false or 
nuisance alarms can be virtually eliminated while 
maintaining a very high probability of human 
detection. In this configuration, both detection 
technologies must activate to trigger an alarm. If 
the threat situation becomes high, the two sensor 
technologies can be interconnected so that either 
the detection of body heat OR human like activity 
in the image causes an alarm.  

 

Convenient and Cost Effective 

The combination of these two sensor technologies 
also offers cost advantages for installation. The 
PIR detector is a passive device and only requires 
a single point of installation. This point is the same 
as the camera, either in the same housing or on 
the same pole. This single point installation not 
only offers complementary dual sensor technology 
to the perimeter system but also automatically 
provides CCTV for alarm qualification. A further 
advantage is that the two methods require very 
similar site considerations. 

 

Summary 

In any security application, the key element is to 
understand the problems to be addressed, and 
then determine a suitable solution. VMD can form 
an integral part of a security system, particularly in 
a perimeter protection scenario. With good system 
design, rigorous installation, commissioning and 
maintenance, VMD is an extremely viable solution 
in many applications. 
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Introduction 
Increases in crime against property and people have made it necessary for 
police response to be focused on addressing real incidents rather than 
attend unverified alarms. The obvious solution would be to provide a zero 
false alarm rate system, but this is not a realistic goal.  

Primary causes of false alarms are poorly designed and installed security 
systems or human error in operating them. Even simple actions like the 
positioning of an advertising module or display near a ventilation outlet 
may result in a false alarm when it moves in the air currents. Therefore it is 
not a practical proposition to eliminate all false alarms at the source, 
though careful design and installation of the alarm system can dramatically 
improve the situation.  

A viable alternative to physical attendance on site is to provide a means of 
remote verification from a centralized monitoring location. Attendance is 
then only necessary when a real threat is judged to exist. For this 
approach to be truly effective, it must be quick and easy to determine the 
cause of each and every alarm.  

To understand why a customer fits an ADPRO video verification system 
you need to understand the value of a traditional system. 
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Intruder Alarm System 
Most people understand the theory of the intruder 
alarm system: this being detectors strategically 
positioned in a building, door contacts and a control 
panel that is usually connected to internal and 
external sirens on site, and connected via a standard 
telephone line to a Central Monitoring Station (CMS).  

Most customers are under the illusion that this 
protects their premises, but in reality it doesn’t make 
the doors any stronger or the windows any tougher, 
they still break when struck. 

 

What does it achieve?  
An intruder alarm system works predominantly when 
the premises is unoccupied.  

An intruder will approach a building and spend some 
minutes looking through windows, trying doors etc 
and if challenged, will make the lame excuse of " Oh, 
sorry are you closed?" or simply run.  

If left unchallenged the intruder has free access to 
the building perimeter and any items that are stored 
outside the premises are susceptible to theft. An ideal 
opportunity is also presented to the would-be intruder 
to determine the best access point to the building.  

An intruder can, by simply looking through a window, 
see all manner of expensive office equipment 
including laptops, P/Cs and digital cameras left on 
desks. The building occupants assume they are 
protected by the alarm and the "it won't happen to 
them scenario"  

 

The intruder who has been left unchallenged will 
eventually smash a window or force a door, which in 
turn will activate the alarm and send a signal through 
to the Central Monitoring Station. The experienced 
intruder having surveyed the site prior and knowing 
what he is going to target once inside will quickly 
gather the equipment and leave through the same 
route prior to the arrival of the patrol officer. Nothing 
has stopped them and the customer has sustained a 
loss and damage to the premises. 

Any loss sustained, will be covered by 
insurance, so who cares?  
The loss can be viewed in a number of ways.  

1. Costs incurred due to damage to the premises 
and the ensuing repair and maintenance works. 
Additional costs may also arise if alternative 
premises need to be sourced whilst these repairs 
are being undertaken. The often unconsidered 
cost is the uninsurable value of loss of time.  

2. The actual loss of capital equipment is covered by 
an insurance policy, but what if the items are 
scheduled to be delivered to a customer tomorrow 
and there are penalty clauses for late delivery and 
again an un-insurable cost eventuates. A worse 
scenario would be if all your business critical 
information was stored on the stolen PC, you 
could severely jeopardise the long-term viability of 
your company.  

In fact intruder alarm systems are very useful, but 
you should understand what they are designed to do.  

An intruder alarm system is designed to detect an 
intruder after they have broken into the premises and 
at best will limit the time an intruder spends on the 
premises.  

In a single sentence, an intruder alarm system is.  

“DESIGNED TO LIMIT LOSS” 

 

CCTV Systems  
Many people under estimate or take for granted the 
need for a CCTV system.  

But what is the value of installing a CCTV system?  

The CCTV system works 24 hours a day.  

The true value of a CCTV system is that it allows 
people to also become more efficient in their daily 
routine.  
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For example a customer invests in internal and 
external cameras, a control system in the form of a 
DVR, a number of monitors and keyboards that can 
be positioned throughout the premises.  

The receptionist may have a monitor on their desk 
and constantly view the car park and the perimeter 
whilst continuing to undertake their normal duties. If 
someone were to be observed loitering in or near the 
car park they can be appropriately challenged.  

A production manager can increase efficiency by 
observing the production line and stores area without 
needing to continually walk around the premises.  

A managing director whilst travelling can review the 
business remotely to ensure business efficiencies are 
maintained despite his absence from the office.  

 

A recording of all cameras is kept either on a 
videotape or more often now on a DVR.  

The recording of events is extremely useful as if a 
visitor was to return to their car and find a dent in the 
door, they can return to reception and replay the 
video and see who caused the damage.  

However our scenario of the intruder in the previous 
example would have produced video of the break in, 
but on closer inspection the intruder has a mask on 
and doesn’t actually look at the cameras so what is 
the video footage showing us?  

It actually re-enforces the point that the intruder 
detection system limits the time an intruder spends 
on the premises.  

The CCTV system really only records the loss.  

 

Remote Off-site Video Verification 
What is a remote off-site video verification system?  

ADPRO is a respected name in the global video and 
surveillance market with over 35000 systems 
installed in a variety of applications and industries.  

A customer that has critical business infrastructure 
either external or internal to their premises can utilise 
an ADPRO system.  

Cameras are installed to give coverage of the 
perimeter of a premises or critical areas of a 
customers business.  

A detection device is positioned covering the same 
field of view as the camera, these can be motion 
detection devices or ADPRO PRO series detectors or 
a combination of detection devices to suit the 
premises application.  

The cameras and detectors are connected to an 
ADPRO transmitter. This can be a transmitter only or 
more often, one of the new ADPRO range of 
combined video transmitter and digital storage 
devices called ADPRO V3100.  

The ADPRO transmitter can be connected to the 
customers LAN or WAN so the customer can view 
live and stored pictures through the infrastructure 
already installed, and the transmitter is connected to 
a phone line for signalling to a Central Monitoring 
Station or CMS.  

The ADPRO system is connected to the customers 
public address system or an amplifier with speakers 
sited externally around the premises.  

On site the customer has complete control of the 
CCTV system as an on site surveillance system.  

The difference is that when the customer vacates the 
premises and arms the intruder alarm system, they 
also arm the ADPRO system.  

 

SCENARIO 

The intruder approaches a building and in turn a 
CCTV camera and when they enter the field of view 
of the camera, the ADPRO system “grabs” three 
frames of video from that camera at 1-second 
intervals and dials through to the Central Monitoring 
System. In the Control Room the attending operator 
receives these three frames of video on a single 
Quad screen along with a fourth video image that 
replays all three frames of video in a video loop, to 
ensure the operator can clearly visualise what 
generated the alarm.  
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This is what is known as "the event", three frames of 
video that represent the actual alarm on site.  

An operator can now switch to live video from that 
camera or select any camera to view. The operator 
can observe someone on site, and they simply use a 
microphone to challenge the intruder with a simple 
warning such as “You in the grey jumper, you have 
activated a remote video alarm system please leave 
the site immediately”  

This has the same effect that a person on site 
challenging the intruder would have, the intruder 
leaves site and the customer doesn’t sustain a loss.  

The signal takes between 8-30 seconds to reach the 
CMS, giving plenty of time for a response to warn off 
the intruder.  

The operator could operate any PTZ camera from the 
CMS and obtain a good image of the intruder prior to 
warning the intruder off. This may in turn be 
forwarded to the police for appropriate action. 

A customer can also control access to the site by 
motorising the access gates, installing an intercom at 
the gates and connecting up the remote outputs to 
the ADPRO system.  

 

A person who needs access simply presses the 
intercom and talks to the CMS operator, the ADPRO 
control software displays the video and an interactive 
site plan from the site, which holds all the critical 
information and details about persons who are 
allowed access.  

A few questions answered, and access is either 
granted or denied, the gate can be remotely opened 
and lights switched on and alarm zones isolated, all 
under the watchful eye of the remote CMS. 

 

Remote Video Management  
A customer can use the ADPRO system as a normal 
system on site but also by simply installing ADPRO 
VideoCentral software onto their PC or laptop they 
are able to access the live and recorded video 
images by connecting to a telephone line from any 
location in the world.  

This enables the customer to observe what is 
happening and indeed what has happened by 
reviewing the stored video on the ADPRO V3100 
system.  

The success of video alarm verification has been 
clearly demonstrated by the installation of ADPRO 
products on tens of thousands of large scale 
commercial, industrial and government sites around 
the world. These installations are well-engineered, 
integrated solutions, comprising a variety of outdoor 
and/or indoor sensor technologies and a combination 
of CCTV and video transmission systems.  

The value in terms of equipment lost and potential 
ramifications if down time was experienced, 
combined with guarding cost reductions, has justified 
the engineering effort by the installers to provide 
effective solutions.  
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Background  
A number of large-open spaces in the built environment present unique 
challenges to fire detection systems. Buildings such as stadiums, large 
atria, airports and rail stations, hotels and convention centers and 
warehouses demand a fire detection solution that is sensitive to diluted 
smoke but that is non-intrusive on the space.  

A new approach known as Open-area Smoke Imaging Detection (OSID) 
has been invented and developed for use in normal/standard sensitivity 
applications.  

OSID measures the extinction along a light beam caused by smoke 
particles along the direct path of the light beam, just like a traditional 
projected beam smoke detector, except that by using dual wavelengths 
and image processing many limitations are overcome and benefits added.  

To understand the operation of the new system we must first look at how 
existing projected beam products work, and at their benefits and 
limitations. 
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Principle of Operation of Traditional Projected Beam Detectors  
The projected beam smoke detector is arguably the easiest to understand of all the smoke sensors available, since it 
relates well to the simple human observation that a light gets dimmer when smoke obscures the view. Inherently, 
measuring light attenuation (aka extinction, or obscuration) cannot reach the level of stability and hence sensitivity of a 
light scattering detector, particularly over short distances. Hence beam detectors are not generally considered as 
capable of very early warning performance as are light scattering instruments. Put simply, this is because a scattering 
detector is measuring a large increase in a near-zero signal whereas an extinction detector needs to resolve a small 
decrease in a big signal.  

This gives an inherently lower stability, higher noise reading. Nonetheless, beam detectors when applied correctly can 
be surprisingly effective in many circumstances and can surpass spot-detector performance. But they do have some 
fundamental issues that have often caused them to be a “grudge buy” and to be considered as a low-end, cost-driven 
choice, suitable only when nothing else can be made to fit.  

A classical beam detector uses two units, called a transmitter and a receiver. Inside the transmitter a light source 
(typically an infra-red LED) flashes periodically. Light from the LED is focused into a tight beam by a lens, and a finely 
adjustable mechanism is provided to allow the beam to be directed from where the transmitter is mounted at one end 
of a room towards the receiver or reflector(s) at the other end, which could be 100 m/330 ft away. The receiver also 
has an alignment mechanism and a lens which focuses the beam onto a light sensor, typically a silicon photodiode. In 
highly simplified form the key optical elements are represented in this diagram.  

 

 

Figure 1 - Key Optical Elements 

 

The electrical output from this photodiode is amplified and measured so that the signal reduction due to smoke present 
between the transmitter and receiver can be determined. In alternative designs the transmitter and the receiver are 
housed together in a single enclosure, and are aligned onto a remote reflector. The reflector is not a flat mirror (as this 
would need to be exactly aligned) but is made up of corner reflector elements which reflect the light strongly back 
towards the source.  

 

Problems with Traditional Beam Detectors  
The perceived issues with traditional beam detectors are primarily difficulty in alignment and proneness to false alarms. 
Such false alarms may be triggered by, for example, objects such as banners, balloons or even birds entering the 
beam path, dust in the air or insects such as moths crawling on the optical surfaces of the transmitter, receiver or 
reflector. Normal building movement caused by temperature changes etc will also affect alignment.  

Typical beam detectors require the initial alignment to be accurate to about 0.1 degrees of movement; tricky but 
achievable. Some designs of detector use software-controlled motor driven mechanisms to adjust the fine alignment 
automatically to obtain and subsequently maintain the strongest signal available.  
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OSID Principle of Operation  
The improvements that OSID offers against traditional beam detectors stem from three core design ideas:  

 Two wavelengths of light are used:  
 Use of ultra-violet (UV) and infra-red (IR) wavelengths outside the human visible range assists the 

identification of real smoke compared to larger objects such as fork-lift trucks, insects and dust; thus reducing 
opportunities for false alarms.  

 A CMOS imaging chip with many pixels (just as used in a digital camera) is used rather than a single photo-diode, 
providing:  

 Multiple source capability (i.e. several beams into a single receiver)  
 Automatic alignment and movement tracking by software only  
 Location of the smoke in a large space  

 A unique method for aligning:  
 “Ball and socket” housing which allows a wide range of horizontal and vertical movement  
 “Laser screwdriver” for simple and fast alignment 

 

Application and Benefits  
Simple Linear Configuration  
In its simplest configuration, a system consists of one Emitter and one Imager placed on opposite walls, and roughly 
aligned with one another.  

 

Figure 2 – Linear OSID Layout 

 

Again, this is a simplified diagram for clarity; in reality the beams from the Emitters are conical with a width of +/-5º. 
Roughly pre-aligning the Emitter to 0.5º is easy using an alignment tool described in more detail later. For a single 
beam path, an Imager fitted with a “telescopic” lens giving +/-5º field-of-view is used and this too can be easily pre-
aligned with the same tool. With 10º total field of view lens the maximum range for the system is ~150 m (500 feet). 
Note that the field of view angle given is for the horizontal plane; since the Imager chip has a conventional 14:9 aspect 
ratio the vertical axis is reduced accordingly.  

One significant benefit is that, rather than having to mechanically align the optical system with great precision, the 
exact location of the Emitter in the Imager’s field of view is determined automatically by the Imager software. This 
software identifies the location of the image of the Emitter which may be anywhere on the active surface of the Imager 
chip. To visualize this, one might simply think of the active part of the imaging chip as creating the picture that would be 
seen on a normal TV or computer monitor screen. In a single frame taken when the transmitter is blinking on, it 
appears as a bright spot in the picture. Any future re-positioning of the image caused by building movement is also 
tracked by the software, eliminating false alarms due to movement without needing any motorized mechanical parts.  
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Resistance to False Alarms  
If any smoke enters the beam the small particles in the smoke will reduce the UV light transmission more significantly 
than the IR light transmission, whereas dust & objects affect both equally. Software can examine the strengths of these 
signals, and how they change over time, and make a determination of whether to raise an alarm or to flag a trouble 
condition. This appropriate use of UV as well as IR light both reduces the probability of a false alarm and enhances the 
sensitivity to small particle smokes, which has often been relatively low on optical detectors.  

Additionally, clear materials loaded with dyes which absorb UV and IR to differing extents can be used as a convenient 
“smokeless” test sheet for commissioning and maintenance tests in the field. Conventional beam detector filters 
obscure both wavelengths and are simply reported as a trouble condition, not as a fire.  

 

Multiple Emitters for Area Protection  
For protecting a room, up to 7 Emitters can be deployed around the walls.  

 

Figure 3 - Multi-Emitter Area OSID Layout 

 

In this case an 80º lens (+/- 40º field of view horizontally) can be fitted to the Imager. With 80º field of view lens the 
maximum range for the system is 34m (110 feet).  

Alternative lens options include a 38º field of view giving a range of 60 m (197 ft). 

An important target of the design is that the overall power consumption of the emitter is very low, enabling it to run for 
many years on an internal battery (although a wired version is to be made available for those who wish it). By using a 
Lithium battery, up to 5 years of life can be anticipated. This reduces installed cost by removing the need for cabling to 
the Emitters. Installation of multi-beam applications needs wiring only between the Imager and a fire panel.  

Range can be further increased by increasing the Emitter power. High powered emitters roughly double the range of 
the 80° and 38° units. 
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Technology Details  
Pre-alignment  
To operate correctly it is only necessary that the Imager and Emitters are very roughly pre-aligned by hand to ensure 
that all Emitters are comfortably contained within the field of view, and that the Imager falls within the wide beams of 
the Emitters.  

This could be achieved in many ways, but the design choice for the current product design is to mount both the Emitter 
and the Imager optical assemblies inside a “ball and socket” housing which allows a range of movement of +/- 60º in 
the horizontal and +/-15º in the vertical. These may be swapped around if needed, e.g. to look down a staircase, by 
simply mounting the housing on the wall in a 90º rotated orientation.  

The ball housing is supplied free to move, but can be rigidly locked into place using a tool with a hex-key end. This tool 
engages with a steel-lined aperture at the front of the ball which is precisely aligned to the optical centre of the Imager 
or Emitter. The tool is equipped with a pre-aligned laser pointer, the design of which is similar to devices used to pre-
set telescopic rifle sights. The installation procedure is simply to position the laser spot as required (details below) and 
to rotate the tool by one quarter-turn to both lock the ball in place, and in the case of the Emitter, to switch it on. A reed 
switch activated by a magnet on the locking mechanism switches on the Emitter only when mounted and locked. This 
prevents the battery discharging during shipping and storage, and also confirms that the unit has been aligned and 
locked in place. This alignment and fastening tool has been dubbed a “laser screwdriver”.  

When the system is using a single Emitter at a long range the field of view of the lens may be 10º width in total; i.e.  
+/- 5 degrees. Preferably, the Emitter image appears in roughly the middle of the picture. Achieving 0.5 degrees is 
easy (this represents a target about 1 foot across 60 feet away) in fact, people find it harder to resist spending 
unnecessary time by getting the spot exactly onto the 2 inch window.  

When a 80º and/or 38° field of view lens is used with multiple Emitters distributed around a room, perhaps at different 
heights, the laser is directed onto the estimated mid-point of the Emitters.  

 

Emitter Operation  
The OSID Emitter contains a number of key elements, illustrated in this diagram.  

 

Figure 4 - Emitter Unit Physical Architecture 

 

Light from the two (or more) LEDs is focused into a projected beam by a Fresnel lens/diffuser into a diverging beam of 
about +/-5º width. It is desirable that the LED chips are physically close together to minimize divergence between the 
UV and IR beam patterns and to prevent small objects like insects from blocking one wavelength more than the other, 
and so the LED dies are mounted side-by-side within a custom made package.  

A low power micro-controller delivers a carefully defined sequence of pulses to the LEDs, which is unique to each 
Emitter made, as is expanded on below.  
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The intensity of each pulse is measured by the photodiode and the CPU’s internal A/D converter. This measurement is 
used to provide compensation for LED temperature and ageing effects. Varying the drive pulse compensates the 
intensity as required. The effects of battery voltage and LED forward voltage variations are eliminated by the use of a 
constant current drive circuit.  

 

Imager Operation  

 

Figure 5 - Imaging Unit Physical Architecture 

 

With the exception of the field wiring termination card, the OSID Imager optics and electronics are fully housed within a 
ball that can be moved to pre-align the device. A flat flex cable links the electronics to the termination card. The optics 
is internally sealed in a moisture proof tube, equipped with an optional heater to prevent condensation forming on the 
outer surface in humid / cold condensing environments.  

The Imager is fitted with a CCTV type lens that has been selected for minimum dispersion for UV and IR wavelengths 
(i.e. the focal length of the lens for both wavelengths are nearly identical) and for good temperature response 
characteristics.  

The Imager is also fitted with a dyed glass filter, designed to be almost opaque to all but the 2 wavelengths of interest. 
This contributes to the system’s ability to work in a wide range of lighting conditions, including a full sunlit scene, and in 
strong artificial lighting including flickering sources like mercury vapor lamps or arc-welding. 

However, most of the sensitivity and tolerance to bright lighting comes from the technique of “background subtraction”. 
This uses the very fast capture speed of the imaging chip to measure the light level around the Emitter image 
immediately before and after the wanted flashes, and then subtracts them so that the uncorrelated background 
contribution disappears entirely.  
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Challenges in the Technology Development  
Using a video imaging chip rather than a simple photo-diode provides benefits for a beam detector, but in practice 
these techniques are challenging to apply. The smaller particles that are generated in most fires at an early stage, and 
by all fires once they transition to the increased threat stage of flaming, interact more strongly with short wavelength 
light (UV of ~400 nm) than they do with long wavelength light (IR of ~850 nm). This is a consequence of the Mie theory 
of light scattering. Incidentally, this scattering theory is still applicable to an extinction measuring device, since much of 
the light beam is not actually absorbed by the smoke so much as scattered away from the receiver. Having said that, 
black smokes do absorb a larger proportion of the light, which is exactly why they look black, and is also why light-
scattering detectors and light-extinction detectors cannot be calibrated to give the same readings for both white smoke 
and black smoke.  

Conceptually, a monochrome video imaging chip is just a grid of many light sensitive elements, each one acting like a 
photodiode to form a single pixel in a picture. It also contains circuitry and micro-code to capture individual picture 
frames and to transfer each pixel output to memory for processing. After being converted to a digital value, the signal 
from each pixel is expressed in “grey levels” going from black to full brightness. Ideally, each pixel should range from 0 
grey levels, meaning complete darkness, up to about a typical maximum of about 1000, meaning full measurable 
intensity. Above this the pixel is said to be saturated; which is to be avoided since any stronger light level cannot be 
measured.  

When the unit is first started up the software has no knowledge of exactly where in the picture frame any Emitters 
might appear; so it begins a search. The CMOS video imaging chip used has a few hundreds of thousands of pixels to 
search, and each Emitter flashes for less than 1/1,000th of the time, so finding an Emitter (and there may up to 7 in the 
view) is challenging. This is made more difficult by the fact that there may well be many other bright and varying light 
sources in the picture.  

The system can first identify candidate light sources that might be Emitters and then examine them closely to 
determine if they have the right timing characteristics to be definitely identified as the wanted sources.  

While in principle the Imager can see all Emitters at once, in practice it can only capture a partial frame quickly, and so 
any timing collisions must be brief events that preferably cause only one or two flashes to be skipped and so do not 
impact system performance. To achieve this every single Emitter has a unique code identifier which is communicated 
to the Imager via a data pulse attached to each flash sequence which is used to “jitter” the flash sequence timing in a 
unique but predictable way so that no two units will ever stay in lock-step.  
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Conclusion  
In fire detection the most important trade-off is the reliable detection of actual fire threats while minimizing the cost, 
disruption and perhaps most importantly the loss of credibility caused by false alarms. The industry strives to improve 
methods to reliably and economically identify false stimuli such as dust, steam and macroscopic objects while ensuring 
a safe response to real threats. Dual wavelength measurement alone is not a complete panacea, but used intelligently 
and in combination with both a careful signal analysis approach and an imaging-based automatic alignment scheme it 
can substantially improve a fundamentally promising technology that has developed a negative reputation.  
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Air-sampling Smoke 
Detection meets the 
challenges of 
Healthcare Facilities 

The quality and effectiveness 
of fi re systems in healthcare 
facilities is a major concern 
in all countries around the 
world. An ever-growing 
population with higher 
expectations of healthcare 
combined with increased 
requirements to cater for the 
elderly sees more demand 
for the construction and 
extensions of these facilities. 
Hospitals, medical clinics 
and aged care facilities 
have a real need for good 
fi re protection to ensure the 
safety of their patients, staff 
and visitors. They also need 
solutions that allow them to 
avoid the cost of nuisance 
alarms and maintain 
services.

While most codes and standards 
govern the fi re requirements in these 
facilities, these requirements are often 
the minimal requirements needed 
to provide a satisfactory level of fi re 
safety for the risk and application. 
Following prescriptive design methods 
and using traditional systems has led 
many systems to be designed without 
a more holistic analysis of the fi re 
risks, detection challenges and the 
advantages of alternative detection 
technologies. The hidden fuel load in a hospital is 

signifi cant. A large quantity of bottled 
gases, electronics, paper and linen 

in hidden spaces can create risks of 
undetected fi re.

Fire Risks
Healthcare environments contain 
numerous special fi re hazards. 
Alongside the various combustible 
products such as paper, plastics 
and linen sit a plethora of 
electrical equipment, bottled and 
plumbed oxygen and alcohol-
based preparations. From a single 
overheating contact in a switchboard 
or control panel to a failure in a 
lighting ballast, from a cigarette 
accidentally left in a bed in an aged 
care facility to an under-rated cable 
in the under-fl oor space beneath an 
MRI, the risks of hidden, slow growth 
and fast growth fi res is signifi cant. 

Consequences of Loss
Apart from the obvious and dominant 
concerns for the life safety of 
immobile and frail patients, millions of 
dollars of equipment and facilities are 
commonly lost in a healthcare facility 
fi re. But perhaps of greater concern 
is the fact that fi re has the potential 
to cause immeasurable loss in the 
community due to the loss of the 
services provided by the facility during 
the prolonged downtime and service 
losses. Some facilities that experience 
a fi re never recover.

Because healthcare facilities are truly 
involved in preserving lives in the 
community their protection against fi re 
is critical. These assets demand the 
best protection to meet all risks. 

Detection Challenges
A number of the unique environments 
within a healthcare facility present 
signifi cant challenges for existing 
detection technologies. Poor detection 
performance results in missed 
detection and insuffi cient time to 
respond to a fi re as well as costly 
nuisance alarms. 



Very Early Warning Smoke 
Detection
A new breed of advanced smoke 
detection solutions are gaining 
popularity among specifying 
engineers and informed healthcare 
facility managers.  Air-sampling 
Smoke Detectors (ASD) work by 
continually drawing air into a pipe 
network attached to a central detector 
unit. The air is analyzed in a very 
sensitive detection chamber for the 
smallest traces of smoke. Information 
regarding the level of smoke and 
alarm state are communicated to a 
fi re alarm control panel and/or building 
management system in the normal 
way. 

The high sensitivity of ASD systems 
ensures detection challenges, such as 
dilution in large open spaces or high 
airfl ows, are overcome and reliable 
detection is provided. The earlier a fi re 
can be detected the safer occupants 
will be, evacuation becomes simpler 
and stress and anxiety on patients 
minimized, damage to property 
is typically minimal. The extra 
time provided by these very early 
warning systems allows advanced 
investigation and early intervention, 
usually enabling manual suppression 
of a small fi re. The extra time can 
also be used for emergency planning 
and improved preparedness for an 
evacuation, should the fi re escalate.

Placement of the detector centrally reduces the cost of maintenance and servicing.

Buying more time for evacuation can be priceless in saving lives.

Today, more than ever there is a need 
to ensure the fi re safety equipment 
requirements installed in these 
facilities meet the needs, demands 
and risk within the respective 
areas and environments of these 
facilities. Poor understanding of the 
fi re risks or detection challenges 
can lead to incorrect selection of 
detection equipment for the risk, 
wrong placement of detectors, poor 
maintenance of the systems and high 
costs of nuisance alarms.

The Problem of Safe 
Evacuation
The compartmentalization of hospitals 
into fi re zones and their often long and 
meandering passageways may often 
be an impediment to rapid and safe 
patient evacuation in a fi re situation, 
particularly in older hospitals. 

Careful planning and frequent fi re 
drills alleviate some of the problems 
associated with corridor congestion, 
but the number of staff available set a 
limit on the speed with which patients 
can be transferred to safety. In some 
facilities this could be more of an 
issue after-hours when staff levels 
may be reduced. The removal of 
those patients who are immobilized, 
or who can move quickly only with 
assistance - infants, the elderly, and 
those dependent upon life support 
facilities - exacerbate the evacuation 
problem and further reduce the safety 
margin.

The Problem of Nuisance 
Alarms
Much traditional smoke and fi re 
detection equipment is installed in 
environments in which it is unsuitable 
and can cause nuisance alarms. Duct 
detectors, for instance, discussed 
below, are notorious for causing 
nuisance alarms. Also, point detectors 
are not able to fi lter out nuisance 
alarm sources such as steam and can 
cause signifi cant disruption.

The problem with traditional detection 
systems is that they don’t provide 
true early warning of the risk of a 
fi re. When an alarm is sounded, the 
prudent assumption in a healthcare 
facility must be that there is a real 
and potentially substantial risk of life-
endangering fi re. The consequence is 
that business continuity is put at risk 
even if the alarm has been generated 
from a nuisance source, such as the 
steam from a shower or the wash-
down of a theatre.



With advance notifi cation of a 
potential risk we see a better scenario. 
ASD has the ability to provide multiple 
levels of warning, from a very low 
risk of smouldering fi re (which could 
be an environmental anomaly), to a 
very high risk of fl aming fi re. When a 
low level of smoke is detected on-
site facility management staff can be 
discreetly advised (by SMS, email 
etc) that a low level risk requires 
investigation. Should the level of 
smoke escalate, a second alarm can 
be used to prompt a broader class of 
staff (perhaps including patient care 
staff) that an emergency condition 
may exist; local indicators may sound/
fl ash. At a third level of alarm, the fi re 
brigade is notifi ed and evacuation 
procedures are put into action. This is 
the regulated alarm level supported 
by all traditional systems. At a fourth 
level of alarm suppression systems 
in special hazards areas may be 
activated. 

Notice that if the fi rst level of alarm 
is identifi ed as being caused by a 
nuisance source, such as a diesel 
generator starting up, the only 
inconvenience caused is to the 
facilities management staff. 

A common misconception is that high 
sensitivity detection increases false 
alarms. The truth is that very early 
warning smoke detection with multiple 
levels of alarm reduces the cost of 
nuisance alarms, while improving 
safety and business continuity.

The ability to provide very early 
warnings to facilities management 
staff to conduct low cost investigations 
of potential fi re risks avoids the costs 
of responding to nuisance alarms.

The unique challenges of MRI are met by ASD’s remote sampling technique – no 
electronics, just plastic pipes providing protection of the million dollar investment.

Proven Applications
Aspirating smoke detection systems 
have been successfully applied in 
many healthcare environments. Some 
include:

General area and ward  »
protection - to provide the earliest 
possible warning, to allow time 
for intervention and control, to 
minimize the need for evacuation.

Operating theatres »  - to minimize 
service costs, this is achieved by 
mounting the detector outside the 
‘clean’ environment.

MRI (magnetic resonance  »
imaging) facilities - to protect 
high cost equipment and provide 
early warning of potential 
problems.

Nuclear medicine and  »
sterilization environments - to 
protect against contamination of 
equipment, consumables and 
special environments. To avoid 
the risk of catastrophic release of 
toxic gases, while providing remote 
indication of risks.  

Computer facilities »  – to protect 
the computer systems that the 
hospital depends upon from the 
risks of exposure to smoke and 
fi re. 

Switch equipment, substation  »
rooms and tunnels – to ensure 
power systems, including all 
switching and transmission 
systems and backup systems, 
maintain their essential services 
despite the maintenance 
challenges.

Atria and large open spaces »  – 
to provide effective, aesthetically 
pleasing and easily maintained fi re 
systems.

Protection of these high value 
assets is fundamental for continued 
uninterrupted facility operation. 
Further details of the value provided 
by ASD is discussed below.

Operating theatres
These environments contain what we 
might term ordinary combustibles, 
linen, bedding, plastics etc. along 
with various electrically powered 
equipment and potentially fl ammable 
cleaning agents and solvents. Should 
a fi re start in these environments 
there are several issues that come to 
light and are sometimes overlooked 
when planning effective fi re detection:

The spread of potentially  »
dangerous smoldering smoke 
throughout the room.

Critical interruption of patient  »
operations.

The immediate evacuation of  »
patient and staff.

The risk of fast fi re spread when  »
there is little or no time to react.

Infection risks. »

MRI facilities
MRI are high-current electrical 
devices that are known to cause 
fi res. Accommodation of these very 
expensive, highly magnetic and 
delicate machines also has special 
requirements. No fi re detection 
equipment or devices containing 

nuisance alarms, while improving 
safety and business continuity.
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metallic (ferromagnetic) components 
are allowed to be installed in MRI 
facilities unless they have been tested 
by the device manufacturer and have 
been labeled ‘MR safe’. 

Because an ASD detector is able to 
be placed remotely and outside the 
protected area, only the non-magnetic 
plastic pipe network need be in the 
MRI room. This makes ASD uniquely 
suited to protect the environments 
occupied by MRI.  X-ray facilities 
and other forms of critical scanning 
equipment can be similarly protected 
with aspirating technology.

Roof Spaces and Ducts
Perhaps one of the most important 
areas where fi re is a threat in 
Healthcare facilities is the concealed 
‘roof space’. Electrical cables, lighting, 
power and heating and cooling 
equipment are all hidden in these 
spaces where little or no attention is 
paid to service inspections or ongoing 
maintenance. Yes, fi re detection is 
generally a requirement in these 
areas in line with local codes and 
standards, but has correct detection 
equipment been selected for this risk 
area and is it effective?

Heat detectors and optical point type 
smoke detection are generally the 
default choice in roof spaces, but are 
heat detectors really suited in this 
area? What size fi re will ultimately 
have taken hold by the time heat 
detectors react? These are some 
of the questions being asked by fi re 
authorities. 

The use of optical type point 
detection in roof space applications 
has also caused some concern 
amongst regulators. The false alarm 
rate and inconsistent operational 
stability due to the effects of roof 
space contamination has seen a 
considerable cost to some facilities 
through ongoing brigade call outs.

Traditional duct detectors, based 
on point detector technologies, are 
intolerant of high airfl ows and quickly 
become contaminated. Duct detectors 
can also false alarm when exposed 
to very high humidity or condensate 
forming within a cooled duct, such as 
on the roof of a hospital in cool night 
air.

The active sampling of ASD enables reliable operation in open spaces, free from 
the risks of contamination and nuisance alarms caused by condensation

Aspirating systems have been 
successfully used in roof space and 
duct environments worldwide because 
contaminants (dirt, dust and moisture) 
can be fi ltered out before they reach 
the detection chamber. Maintenance 
is simple as the detector is located 
below or remote from the ceiling 
space or duct thus providing a more 
reliable and cost effective solution. 

Summary
The signifi cant fi re risks, the dire 
consequences of fi re, the challenges 
of evacuation and the operational 
cost of nuisance alarms in healthcare 
facilities make fi re a major concern. 
The challenges of detection and 
the value that early warning can 
provide make selection of the right 
fi re detection equipment critical to life 
safety, service continuity and ongoing 
lifecycle costs. 

The fi re systems designer, when 
assessing the various applications 
within such a facility should look to a 
mix and match of the equipment most 
suited to the individual risks within 
the facility. Only a risk-based analysis 
and selection of equipment based 
on application fi tness for purpose 
will ensure the best balance of life 
safety, service continuity and cost 
effectiveness in healthcare facilities. 

ASD is a very fl exible technology 
and has proven to be ideally suited 
to specifi c areas and applications 
in healthcare facilities. It offers fi re 
systems designers a range of new 
solutions to the risks and challenges 
of this environment.
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Disclaimer 

The content of this document is provided on an "as is" basis. No representation or warranty (either express or implied) is made as to the 
completeness, accuracy or reliability of the contents of this document. The manufacturer reserves the right to change designs or 
specifications without obligation and without further notice. Except as otherwise provided, all warranties, express or implied, including 
without limitation any implied warranties of merchantability and fitness for a particular purpose are expressly excluded. 

Intellectual Property and Copyright 

This document includes registered and unregistered trademarks. All trademarks displayed are the trademarks of their respective owners. 
Your use of this document does not constitute or create a licence or any other right to use the name and/or trademark and/or label. This 
document is subject to copyright owned by Xtralis AG ("Xtralis"). You agree not to copy, communicate to the public, adapt, distribute, 
transfer, sell, modify or publish any contents of this document without the express prior written consent of Xtralis. 

General Warning 
This product must only be installed, configured and used strictly in accordance with the General Terms and Conditions, User Manual and 
product documents available from Xtralis. All proper health and safety precautions must be taken during the installation, commissioning 
and maintenance of the product. The system should not be connected to a power source until all the components have been installed. 
Proper safety precautions must be taken during tests and maintenance of the products when these are still connected to the power 
source. Failure to do so or tampering with the electronics inside the products can result in an electric shock causing injury or death and 
may cause equipment damage. Xtralis is not responsible and cannot be held accountable for any liability that may arise due to improper 
use of the equipment and/or failure to take proper precautions. Only persons trained through an Xtralis accredited training course can 
install test and maintain the system. 

Liability 
You agree to install, configure and use the products strictly in accordance with the User Manual and product documents available from 
Xtralis.  

Xtralis is not liable to you or any other person for incidental, indirect, or consequential loss, expense or damages of any kind including 
without limitation, loss of business, loss of profits or loss of data arising out of your use of the products. Without limiting this general 
disclaimer the following specific warnings and disclaimers also apply: 

Fitness for Purpose 

You agree that you have been provided with a reasonable opportunity to appraise the products and have made your own independent 
assessment of the fitness or suitability of the products for your purpose. You acknowledge that you have not relied on any oral or written 
information, representation or advice given by or on behalf of Xtralis or its representatives. 

Total Liability 

To the fullest extent permitted by law that any limitation or exclusion cannot apply, the total liability of Xtralis in relation to the products is 
limited to: 
(i) in the case of services, the cost of having the services supplied again; or  
(ii) in the case of goods, the lowest cost of replacing the goods, acquiring equivalent goods or having the goods repaired. 

Indemnification 

You agree to fully indemnify and hold Xtralis harmless for any claim, cost, demand or damage (including legal costs on a full indemnity 
basis) incurred or which may be incurred arising from your use of the products. 

Miscellaneous 

If any provision outlined above is found to be invalid or unenforceable by a court of law, such invalidity or unenforceability will not affect 
the remainder which will continue in full force and effect. All rights not expressly granted are reserved. 

Document Conventions 
The following typographic conventions are used in this document. 

Convention  Description 

Bold Used to denote: emphasis 
Used for names of menus, menu options, toolbar buttons 

Italics Used to denote: references to other parts of this document or other documents. Used for the result of an 
action 

 

The following icons conventions are used in this document. 

Convention  Description 

 

CAUTION! 

This icon is used to indicate that there is a danger to equipment. The danger could be loss of data, physical 
damage, or permanent corruption of configuration details. 

 

 

WARNING! 

This icon is used to indicate that there is a danger of electric shock. This may lead to death or permanent 
injury.  

 

 

WARNING! 

This icon is used to indicate that there is a danger of inhaling dangerous substances. This may lead to 
death or permanent injury. 
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DANGER! 

This icon is used to indicate that there is a danger of falling down! There is acute danger, when working with 
unsecured ladders. Unsecured ladders can slip and cause a fall that can lead to serious injuries.  

Additional information: refer to local „Safety at Work Act“. 

 

NOTE! 

This icon is used to highlight useful advice and recommendations as well as information for an efficient and 
trouble-free operation. 

 

Contact Us 

UK and Europe +44 1442 242 330   D-A-CH +49 431 23284 1   The Americas +1 781 740 2223 

Middle East +962 6 588 5622   Asia +86 21 5240 0077   Australia and New Zealand +61 3 9936 7000 

www.xtralis.com  
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1 Introduction 
CSIRO have had extensive experience over the last 10 years in conducting hot smoke tests 
in a variety of occupancies including warehouses, shopping centres, tunnels, auditoriums 
and cinemas. Some locations where we have conducted hot smoke testing includes Sydney 
Opera House, Star City Casino, Westfield shopping centres including several cinemas and 
atria, and a variety of other locations. 

CSIRO have developed a methodology for assessing the operation and performance of 
smoke detection and alarm systems and any linked suppression systems for early to very 
early detection of smoke. This is of particular interest in complex enclosure temperature and 
air flow environments such as those encountered in freezers, large warehouses, atrium 
areas with high ceiling heights and underground railway stations. In such cases the early and 
very early smoke detection is of paramount importance for safeguarding assets and for 
providing early cues for evacuation. For instance, early smoke detection is of an important 
concern in warehouses where the growth of fire in high stacked areas can be very rapid 
leading to a very large fire size if fire is not detected and controlled in an early stage.  

2 Scope 
This testing protocol has been prepared to assess the performance of smoke detection 
systems and the operation of any fire safety features within the buildings which operate upon 
detection of smoke by the smoke detection system. The fire size and the smoke production 
has been selected to represent a fire in its early stages. 

3 Application 
This test protocol is intended for use as the verification of the operation of smoke detection 
systems in buildings environments such as where smoke detection presents obvious 
challenges. This test should not be used to assess the tenability conditions as would be 
achieved in a fully developed fire. Fire properties of the materials which are contained in 
different buildings can be quite different and therefore this test is not an accurate 
representation of the heat released or the smoke produced in a specific fire scenario. 

4 Principle 
A plume of hot air is created by the use of radiant heaters. Artificial smoke is introduced in 
the centre of the plume which moves towards the ceiling of the enclosure. The temperature 
and ventilation conditions within the enclosure govern the flow of smoke. The smoke density 
is monitored continuously using optical smoke meter and the time for the detection of smoke 
by the smoke detection system is noted. The time to detection may then be converted to the 
size of fire at the activation of smoke detection. 
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5 Definitions 

5.1 Design fire 
The variation of fire characteristics measured in terms of heat release rate and smoke yield 
with time during the growth of fire. 

5.2 Smoke 
A visible suspension in air of solid or liquid particles or gases resulting from combustion or 
pyrolysis. 

5.3 Smoke generator 
A device which is able to produce controlled release of glycol based non-toxic fog. The 
volume of fog produced per unit time can be measured. 

6 Test Apparatus 
The test apparatus consists mainly of a source of heat to provide a plume which represents 
a fire plume and a smoke source which is located in the centre of the plume to represent 
smoke production from a fire. In addition, temperature will be monitored in the smoke plume 
at various heights and an optical smoke meter will be installed close to the location of the 
nearest smoke detector or the inlet to the smoke detection system to continuously measure 
the optical density at that location for further comparison. 

7 Heat Source 
The heat source shall be in form of four radiant heaters located at a distance of 1.0m from 
each other to create a hot plume at the centre. The maximum heat output from the individual 
heaters shall be 6kW to provide a total heat output of 24kW to represent a fire in early 
stages. The heaters will be turned on and will reach their maximum heat output one minute 
prior to the introduction of smoke into the plume. 

8 Smoke Source 
The smoke source shall be selected to provide a known weight/volume of smoke which must 
be a representation of the smoke produced from a fire in its early stages. The calculations in 
Appendix A show the calculations conducted for the maximum allowable smoke produced 
from the smoke source. 

The smoke produced shall have a near neutral pH and leave minimal residue on the 
surfaces. The smoke generation devices may include smoke generators based on fog 
produced from glycol-water mixture. This type of smoke may not be suitable for use in 
applications where the enclosure temperature is maintained below 0°C. In such applications, 
smoke cartridges may be used which comply with the calculations shown in Appendix A. 
These cartridges must produce consistent volumes of smoke during the burn time. The 
cartridges must be calibrated for their mass loss rate prior to their use. 
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9 Site Preparation and the Location of Test 
The plans for the proposed site must be provided to CSIRO one week prior to the test date. 
The test location will be inspected by CSIRO personnel prior to the testing to ensure the 
adequacy of the test site and the installation of smoke detection and the air handling 
systems. The location of the test will be determined after the site visit and after discussions 
with the client, the Fire Brigades (if present for tests) and other involved organisations. The 
test locations shall be chosen to represent the whole compartment as far as possible. The 
site air handling systems shall operate in normal mode for a period of time sufficient to attain 
proposed final design environmental conditions during the test. It is expected that this time 
will be a minimum of 1 day for existing equipment and at least 4 hours for the newly installed 
equipment. 

10 Test Procedure 
The location of the test will be such that the radiant heat from the heaters will not result in 
damage to any objects located in the close proximity. All such object that may be damaged 
will be suitably protected. 

The test shall commence after all the heaters are turned on and the smoke source is in 
place. The smoke source will be turned on or ignited (whichever the case) and the smoke 
allowed to move freely into the hot plume created by the radiant heaters. Temperature will be 
recorded in the plume to ensure sufficient heat is provided by the radiant heaters to provide 
the required buoyancy to the smoke. The ceiling temperature will be recorded for 
compartments with ceiling height of less than 4m. In such cases, any active fire suppression 
devices (sprinklers etc) will be adequately protected (such as by damp cloth) to prevent 
accidental activation of these devices. 

The test will continue until the smoke is detected by the smoke detection system or until 5 
minutes have elapsed since the smoke production is ceased. Optical smoke meter will be 
located at an appropriate location and optical smoke density will be continuously recorded 
from the smoke meter. The tests will be recorded on video camera and the time at the start 
and the end of the tests will be noted. 

The compartment shall be vented of all residual smoke and all smoke detection systems will 
be reset and returned to the non-alarm state prior to undertaking a repeat of the smoke test. 
The building will be purged of all smoke contamination after the completion of all the hot 
smoke tests. 
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Appendix A 
Very early detection of smoke: The fire shall be considered to be in its very early stages 
when it can easily be controlled and occupants within the building will not be provided with a 
cue other than the smoke detection system. 

Expected heat release rate at fire detection = 250 kW 

Credible fire growth rate in a stacked racking storage such as a warehouse or freezer – 

Ultrafast t-squared growth fire 

Time required to reach 250 kW heat release rate = (0.25) × (75)2
 = 37.5 s 

Total heat generated during this time  

Mass loss during heat generation (assuming heat content of 20MJ/kg for card board or 
timber packaging) = 3.125/20 = 0.156 kg or 156g 

Assuming a soot/smoke concentration = 1% for a typical fuel (such as timber) 

The mass of smoke produced = 1.56g 

Therefore the maximum mass of smoke produced during hot smoke tests shall not exceed 
1.56g for a very early detection of smoke. 

 

Early detection of smoke: The fire shall be considered to be in its early stages when it can 
be controlled and occupants within the building will generally receive a cue from the smoke 
detection system prior to the visual cue or the cue of the smell of smoke. This is particularly 
true in the compartments with a relatively large volume. 

Expected heat release rate at fire detection = 500 kW 

Credible fire growth rate in a stacked racking storage such as a warehouse or freezer – 
Ultrafast t-squared growth fire 

Time required to reach 500 kW heat release rate = (0.50) × (75)2 = 53 s 

Total heat generated during this time 

Mass loss during heat generation (assuming heat content of 20MJ/kg for card board or 
timber packaging) = 8.82/20 = 0.442 kg or 442g 

Assuming a soot/smoke concentration = 1% for a typical fuel (such as timber) 

The mass of smoke produced = 4.42g 

Therefore the maximum mass of smoke produced during hot smoke tests shall not exceed 
4.42g for a very early detection of smoke. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Any manufacturing or critical infrastructure facility is exposed to the 
risk of becoming the target of a terrorist attack. Critical infrastructure 
includes energy generation plants, water treatment centers, 
communications networks, and food and agricultural manufacturing 
facilities – basically any facility vital to the functioning of our 
economy and society. Certain facilities face a higher risk of terrorist 
attack due to their potential for catastrophic disaster. In particular, 
facilities that use some form of potentially volatile chemical 
substance as part of their normal operation are often classified as a 
higher risk target. 

 

 

Security Solutions 

 

White paper 
 

Using Multi-Layer Technology to Meet 
CFATS Perimeter Security 
Requirements 
 

 

 



 

Page 2 of 4 

Xtralis & Unlimited Technology Security Solutions White Paper: Using Multi-Layer Technology to Meet CFATS Requirements 

Realizing that chemical facilities face an increased risk of terrorist attack, in April of 2007, the Department of 
Homeland Security (DHS) enacted the Chemical Facilities Anti-Terrorism Standards (CFATS) regulation. CFATS 
sets forth a series of requirements that high-risk chemical facilities must meet in order to remain in compliance with 
the regulation. Facilities that may be required to comply with the CFATS regulation fall into a series of categories 
that include: 

 Chemical manufacturing, storage and distribution 

 Energy and utilities 

 Agriculture and food 

 Paints and coatings 

 Explosives 

 Mining 

 Electronics 

 Plastics 

 Healthcare 

 

A Quick Look at Risk-Based Performance Standards 

When it comes to regulatory compliance, performance standards are often used to establish common requirements 
to measure and verify levels of compliance. However, performance standards do not typically mandate a precise 
method for achieving the required results.  

The CFATS regulation establishes eighteen Risk-Based Performance Standards (RBPSs), which identify 
requirements that each facility must meet in order to remain in compliance. The RBPSs cover perimeter security, 
access control, personnel safety, and cyber security. The RBPSs are structured in a way that allows each chemical 
facility to customize its security solutions in order to meet the demands of its unique environment so long as they 
achieve the requisite level of performance in each applicable area. In order to comply with CFATS, each facility 
must conduct a vulnerability assessment and develop a plan to bring security policies, procedures and 
technologies in line with the RBPSs. 

 

RBPS Perimeter Security Requirements 

For the purpose of this article, we’re going to consider the first four RBPSs, which establish requirements related to 
the perimeter security and monitoring of a chemical facility. These four standards include: 

RBPS 1 - Restrict Area Perimeter - Secure and monitor the perimeter of the facility 

RBPS 2 - Secure Site Assets - Secure and monitor restricted areas or potentially critical targets within the facility 

RBPS 3 - Screen and Control Access - Control access to the facility and to restricted areas within the facility, 
screen and inspect individuals and vehicles as they enter 

RBPS 4 – Deter, Detect and Delay - An attack creating sufficient time between detection of an attack and the 
point at which the attack becomes a success 

When tasked with securing the perimeter of a chemical facility and restricting access to the assets inside, there is 
no room for error. However, the complexity of these facilities often makes them the most challenging to secure. 
Water treatment and distribution systems, energy production facilities and manufacturing plants often encompass 
multiple buildings and are encircled by widespread, geographic perimeters that are difficult to monitor efficiently.  

Perimeters are the outermost expanse of a security network and often consist of harsh outdoor environmental 
conditions. The remote and punishing nature of perimeter security means that technologies used to monitor these 
expanses must be tested, versatile and well-suited for the task at hand. 

To overcome these challenges while meeting the perimeter security requirements outlined in CFATS, it is often 
highly difficult to achieve success through the deployment of a single security barrier or monitoring system. Instead, 
an optimal perimeter security solution typically involves the use of multiple protective measures providing a layered 
approach to security.  



 

Page 3 of 4 

Xtralis & Unlimited Technology Security Solutions White Paper: Using Multi-Layer Technology to Meet CFATS Requirements 

Video Monitoring, Video Analytics and Passive Infrared Detectors 

There are many commercially available security technologies that are commonly integrated to create a layered 
perimeter security solution. Perhaps no combination is more effective than the layering of video surveillance 
monitoring, video analytics software and Passive Infrared Detectors. 

Video monitoring has proven its effectiveness as a tool that enhances situational awareness in any environment 
with geographically distributed facilities and wide-area perimeters. Video monitoring networks replace the need to 
have security personnel patrol the perimeter. Whether it’s a legacy CCTV network or a cutting-edge IP video 
surveillance solution, the perimeter visibility provided by a video monitoring solution is absolutely critical for CFATS 
compliance.  

In the past five years, an advanced type of surveillance software has seen widespread adoption for its ability to add 
intelligence to otherwise passive video monitoring systems. Often referred to as video analytics, this sophisticated 
software can be deployed across a pre-existing CCTV video surveillance network or easily integrated with an IP 
video system, making it very versatile and cost effective. Analytics software automatically identifies suspicious 
behaviors along a security perimeter, before they escalate. Video analytics software is capable of establishing 
tripwires or virtual perimeters for real-time object detection, identification, and classification. This functionality 
significantly increases the effectiveness of passive video monitoring systems and allows for a faster reaction time 
as specified in RBPS 4. 

Working along side video monitoring and video analytics solutions are another key perimeter security technology 
called Passive Infrared (PIR) Detectors. A PIR Detector measures infrared light radiating from objects in its field of 
view. PIR Detectors accurately identify motion when an infrared source with one temperature, such as a human, 
passes in front of an infrared source with another temperature, such as a security fence or building. 

Designed for outdoor applications such as perimeter and area protection, PIR Detectors are simple to deploy and 
do not require extensive set up or delicate alignment. PIR Detectors are known for trouble-free operation and are 
relatively immune to issues stemming from environmental conditions and metal reflectivity. PIR Detectors require a 
relatively low power source and offer medium to long range linear coverage, as well as directional detection 
capabilities. These sensors are optimized to improve detection probability thereby reducing expensive false alarms. 
These detectors also typically include diagnostic software allowing for remote testing and easy configuration. 

The true potential of a layered perimeter security solution is realized when these technologies work in concert. The 
field of view of a PIR Detector is typically very narrow but can extend for long distances along the entire length of a 
linear perimeter. In contrast, the field of view of a video camera can be quite wide, especially if it is equipped with a 
pan, tilt, zoom functionality. When video analytics are applied to the camera it becomes intelligent rather than just a 
passive monitoring tool. With these two devices actively monitoring the perimeter, there is very little chance for a 
potential threat to go undetected. However, in order to register an alarm, both the PIR Detector and the video 
analytics software must register that a perimeter has been, or is about to be, breached. This layered approach to 
alarm verification significantly reduces false alarms, reduces the need for unnecessary on-site intervention and 
allows centralized monitoring personnel to focus on the real threats. 

 

Centralized Monitoring  

In order to achieve the enhanced command and control over perimeter security required by CFATS, a centralized, 
event-based monitoring station must be established. A centralized monitoring station effectively consolidates the 
camera feeds, sophisticated video analytics data and PIR Detector alarms present in a layered security model and 
combines these together to provide real-time actionable intelligence. From a centralized location, security 
administrators keep track of activity across expansive perimeters to significantly improve the effectiveness of 
limited security personnel. Centralized monitoring provides complete control over the video monitoring and 
analytics systems and allows for two-way audio capabilities for voice down to site for immediate event intervention. 
In addition, from a centralized monitoring station, security personnel can control local relay outputs to open gates, 
activate lighting and more. Information from automated health-check features found on the more robust perimeter 
surveillance solutions can be transmitted to a centralized monitoring station to produce reports on critical device 
failures, eliminating the risk of a breach due to a malfunctioning system. Centralized monitoring tools can also 
integrate with access control and alarm systems to provide centralized password management and report on 
unauthorized access attempts to restricted areas based on rules defined by the user. 
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Case Study: Public Water Treatment Facility 

Recently, we’ve been working to deploy a layered security solution, like the one described above, for a large 
municipal water treatment facility. The project is challenging because the perimeter not only includes the treatment 
facility but also the large expansive reservoir from which the city gets its water supply. The expansive reservoir is 
remote, wooded and populated with local wildlife, making it hard to determine whether an animal or human intruder 
may have triggered a motion sensor. 

After conducting a lengthy and careful analysis, it was determined that a layered perimeter security solution was 
the most viable option for accurately monitoring the large expansive reservoir and treatment facility while 
minimizing false alarms caused by local wildlife. 

PIR Detectors were deployed along the edge of the tree line surrounding the reservoir in combination with a 
network of strategically placed CCTV cameras. The PIR Detectors were used to identify motion along the miles of 
large unmanned perimeter and tolerances were set using video analytics to identify the difference between a 
human or wildlife. 

While the distributed network of PIR Detectors and intelligent video monitoring secured the lengthy unmanned 
perimeter, a more concentrated network of cameras and infrared sensors were deployed around the immediate 
perimeter of the water treatment facility to monitor incoming and outgoing vehicles, personnel and activity.  

All the camera feeds, infrared sensor data and alarms were transmitted to a centralized monitoring station located 
within the water treatment facility. Here, video feeds and video analytics data are displayed on a large video wall 
using management software that ties all the devices together. When a threat is identified, centralized monitoring 
personnel alert patrol officers in the vicinity to investigate further. This system of layered technologies keeps the 
entire water supply of a large American city safe from potential terrorist threats. 

 

Conclusion 

As the potential for terrorist attacks remain, the implementation of CFATS RBPS requirements will receive an 
increased focus in 2009. The best guarantee for meeting the stringent perimeter security compliance demands set 
forth by CFATS is a multi-layered approach combining several of the technologies we discussed in this article. 
There are many commercially-available security applications that are specifically designed to address the 
challenges of RBPS including PIR Detectors, video monitoring and analytics and centralized security monitoring 
solutions. To ensure success, facilities subject to CFATS regulations should select a vendor that has proven 
technology and a referenceable base of similar implementations. 
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Disclaimer 

The content of this document is provided on an "as is" basis. No representation or warranty (either express or implied) is made as to the 
completeness, accuracy or reliability of the contents of this document. The manufacturer reserves the right to change designs or 
specifications without obligation and without further notice. Except as otherwise provided, all warranties, express or implied, including 
without limitation any implied warranties of merchantability and fitness for a particular purpose are expressly excluded. 

Intellectual Property and Copyright 

This document includes registered and unregistered trademarks. All trademarks displayed are the trademarks of their respective owners. 
Your use of this document does not constitute or create a licence or any other right to use the name and/or trademark and/or label. This 
document is subject to copyright owned by Xtralis AG ("Xtralis"). You agree not to copy, communicate to the public, adapt, distribute, 
transfer, sell, modify or publish any contents of this document without the express prior written consent of Xtralis. 

General Warning 
This product must only be installed, configured and used strictly in accordance with the General Terms and Conditions, User Manual and 
product documents available from Xtralis. All proper health and safety precautions must be taken during the installation, commissioning 
and maintenance of the product. The system should not be connected to a power source until all the components have been installed. 
Proper safety precautions must be taken during tests and maintenance of the products when these are still connected to the power 
source. Failure to do so or tampering with the electronics inside the products can result in an electric shock causing injury or death and 
may cause equipment damage. Xtralis is not responsible and cannot be held accountable for any liability that may arise due to improper 
use of the equipment and/or failure to take proper precautions. Only persons trained through an Xtralis accredited training course can 
install test and maintain the system. 

Liability 
You agree to install, configure and use the products strictly in accordance with the User Manual and product documents available from 
Xtralis.  

Xtralis is not liable to you or any other person for incidental, indirect, or consequential loss, expense or damages of any kind including 
without limitation, loss of business, loss of profits or loss of data arising out of your use of the products. Without limiting this general 
disclaimer the following specific warnings and disclaimers also apply: 

Fitness for Purpose 

You agree that you have been provided with a reasonable opportunity to appraise the products and have made your own independent 
assessment of the fitness or suitability of the products for your purpose. You acknowledge that you have not relied on any oral or written 
information, representation or advice given by or on behalf of Xtralis or its representatives. 

Total Liability 

To the fullest extent permitted by law that any limitation or exclusion cannot apply, the total liability of Xtralis in relation to the products is 
limited to: 
(i) in the case of services, the cost of having the services supplied again; or  
(ii) in the case of goods, the lowest cost of replacing the goods, acquiring equivalent goods or having the goods repaired. 

Indemnification 

You agree to fully indemnify and hold Xtralis harmless for any claim, cost, demand or damage (including legal costs on a full indemnity 
basis) incurred or which may be incurred arising from your use of the products. 

Miscellaneous 

If any provision outlined above is found to be invalid or unenforceable by a court of law, such invalidity or unenforceability will not affect 
the remainder which will continue in full force and effect. All rights not expressly granted are reserved. 

Document Conventions 
The following typographic conventions are used in this document. 

Convention  Description 

Bold Used to denote: emphasis 
Used for names of menus, menu options, toolbar buttons 

Italics Used to denote: references to other parts of this document or other documents. Used for the result of an 
action 

 

The following icons conventions are used in this document. 

Convention  Description 

 

CAUTION! 

This icon is used to indicate that there is a danger to equipment. The danger could be loss of data, physical 
damage, or permanent corruption of configuration details. 

 

 

WARNING! 

This icon is used to indicate that there is a danger of electric shock. This may lead to death or permanent 
injury.  

 

 

WARNING! 

This icon is used to indicate that there is a danger of inhaling dangerous substances. This may lead to 
death or permanent injury. 
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DANGER! 

This icon is used to indicate that there is a danger of falling down! There is acute danger, when working with 
unsecured ladders. Unsecured ladders can slip and cause a fall that can lead to serious injuries.  

Additional information: refer to local „Safety at Work Act“. 

 

NOTE! 

This icon is used to highlight useful advice and recommendations as well as information for an efficient and 
trouble-free operation. 

 

Contact Us 

UK and Europe +44 1442 242 330   D-A-CH +49 431 23284 1   The Americas +1 781 740 2223 

Middle East +962 6 588 5622   Asia +86 21 5240 0077   Australia and New Zealand +61 3 9936 7000 

www.xtralis.com  
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1 Purpose 
To simulate fire combustion, smoke movement and ultimately VESDAperformance, two 
different enclosure sizes, a room similar to UL 268 specifications and a sealed computer 
cabinet, are chosen to carry out extensive experimentation and validation with FDS 
simulation. 

2 Background 
While bench and full-scale fire tests are still the most important methods for research and fire 
safety product development, computer model/simulation is becoming a more cost effective 
and time efficient tool. Two key areas where a validated computer model can be used are 
VESDA pre-installation design and evaluating the performance of VESDA system. A 
validated model provides a tool to conduct sensitivity study for a wide variety of applications, 
different building layouts, complicated airflow environments and mitigates inherent limitations 
for on site real fire/smoke tests. The ultimate objective is to establish very early and early 
warning as a key component in performance-based fire safety system design. 

Key indicators of a successful validation process are: 

 Validation under “reference conditions” 

 Being able to model early and very early smoke movement 

 Being able to link smoke development with ASPIRE to deliver the smoke to detector 

 Being able to predict with acceptable accuracy- Being able to communicate a concept 
with fire engineering consultants 

NIST Fire Dynamic Simulator (FDS), a computational fluid dynamics (CFD) model, is a 
widely applied computer model in fluid dynamics analysis as well as fire engineering. It 
contains a number of complicated sub-models such as combustion, radiation transport and 
multi-blocking. 

However, the very early stage of fire development using the FDS modelling is not widely 
studied and understood. Even though there is a consensus that “VESDA also has a role in 
life safety based on its very early and staged warning”1, there is no research activities 
identified in applying smoke/fire development trend with ASD technology (such as VESDA) 
for performance assessment. This presents a challenge to fire and risk management 
consultants to qualitatively assess the benefit of very early and early warning.  

Therefore it is critical to understand the applications and use tools to study smoke movement 
in various environments that are fundamentally important for VESDA market growth. 

A series of fire/smoke experiments were carried out to collect empirical data using a number 
of VESDA detectors. FDS model was used to simulate the experiments. During the 
validation the following factors were taken into consideration: 

 Fuel type; 

 Fire size and location; 

 Airflow in the environment and 

 Settings of FDS model. 

 

 

 

 

 

 

 

                                                   
1 Fire Safety and Engineering Technical Paper – Book 2, Page 5.10, The Warren Centre, The University of Sydney, December 1989 
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From the validation testing and results analysis, the FDS model can be assessed to 
ascertain whether it is an appropriate simulation model for early and very early warning 
smoke detection. Furthermore, a practicable simulation methodology can be developed for 
VESDA pipe network design and performance evaluation in more complex case studies and 
field tests. This bridges the gap between when the fire starts (FDS modelling) to when the 
VESDA unit detects (ASPIRE modelling) smoke in terms of response time. 

3 Validation Set-up 
A total of 15 VESDA detectors comprising of 6 VLPs and 9 VLCs were used during the room 
tests. Each detector covers a single sampling area referred to as a “zone”. Two different 
ventilation conditions were tested and simulated: 

1. Fully sealed testing room, 

2. The room with the door open and exhaust fan on with one air change per hour. 

According to UL 268, the fuel containers were supported by a stand 0.9m above the floor. 
The testing containers and specifications are given in following table. A radiative flux meter 
was installed to monitor the initial heat release from combustions using various containers. 
Measured data was used to characterize the fire source in the simulation via Time 
Dependent Boundary Conditions technique in FDS3. 

No. Diameter 
(mm) 

Depth (mm) Amount of Heptane 
(ml) 

Estimated average fire 
size (kW) 

Material and source 

1 99 10 20-30 3.0 Food can 

2 44 20 5-10 0.85 Small baking pan 

3 32 26 2.5-4 0.3 Stainless steel cup 

Two VLCs were used in a sealed and still air computer cabinet. Test methods involved an 
electrically overloaded PVC-coated wire, which was used in accordance with BS 6266:1992. 
Furthermore, a 68-ohm (0.25W) resistor burn was tested to investigate very early detection. 
The wire or resister was placed on an insulated board positioned on the floor. The sampling 
pipes for the reference and the top of cabinet VLC detectors were 0.5m and 2m above the 
smoke source respectively. 

The following diagrams illustrate the room and cabinet dimensions and their respective 
computer models. 
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4 Definitions 
1. Smoke Movement Time Tsm : 

The time taken for smoke in one protected zone to move from the fire source to the 
sampling holes that reach alert or action alarm level, measured in seconds.  
The average of Tsm, Tsm(ave), is the sum of smoke movement times (i.e. Tsm) divided 
by the total number of holes in the protected zone, taking dilution into account. 

2. Smoke Transfer Time Tst : 
The time taken for smoke to travel from the sampling hole to the detector under normal 
sampling flow rate (i.e. 20 to 30 l/min), measured in seconds. For a multi-hole pipe, the 
transfer time for the far end hole, Tst(max) is used as the transfer time for the pipe. 

3. Estimated VESDA detector Response Time Trt : 
Estimated VESDA response time in seconds Trt = Tsm + Tst 

5 Measured and Simulated VESDA Response 
Times and Deviations 

5.1 Room Test and Simulation 
To investigate the deviation of combustions, each test with the same fire source and 
environment was repeated at least 4 times. In all cases, the detector’s alert level was set to 
0.05% obscuration/m. The VESDA experimental and simulated response times are shown in 
the tables at the end of the report. The chart below illustrates a comparison between 
simulation and empirical data with a 3kW Heptane fire. 
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6 Computer Cabinet Hot Wire and Resistor Burn 
Tests 
The following table shows various hot wire test results: 

Power & Wire VLC location Result type Alert time 
(sec) 

Action time 
(sec) 

Peak value 
(%OB/m) 

VFS-2m 
(42W) 

Reference 

Tested 32 39 3.5 

Simulated 29 39 3 

% Diff 9.4 0 14.3 

Top of Cabinet 

Tested 36 39 3.2 

Simulated 48 48.5 3.7 

% Diff -33.3 -24.4 -15.6 

BS-2m 
(64W) 

Reference 

Tested 20 20.5 11.1 

Simulated 17 18 13.7 

% Diff 15 12.2 -23.4 

Top of Cabinet 
Tested 39.5 40 10.8 

Simulated 37 37.5 13.8 

% Diff 6.3 6.3 -27.8 

The following figures show the smoke curves for one type of hot wire burn: 

 

(a) Reference VLC (0.5m from smoke source) measured against simulation 

 

 

(b) Top of cabinet VLC (2m from smoke source) measured against simulation 
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The following figure shows a comparison between VESDA measured and simulated results 
for 68-Ohm ¼ W resistor burn tests. The figure indicates that FDS can be set up to simulate 
such small incident. 

 

 

7 Comparison with Other Researchers’ 
Experimental and Simulation Results 
In order to benchmark Xtralis’s FDS validation, extra simulations were carried out to assess 
the results against empirical and simulation data from other fire engineering researchers.  

One model is the Davis and Reneke’s2
 simple ceiling jet model, which is a zone model and 

was used to decide plume/ceiling jet region as well as the smoke concentration. The result 
from a 23kW gasoline fire simulation was well matched with Marrion’s3

 smoke mass 
concentration measurements. The smoke concentration calculated from Davis-Reneke’s 
model for Heptane burning (85kW) is used for the comparison outlined below. 

Yamauchi4 performed an 85kW Heptane fire test in a room 10m x 6m with ceiling height of 3 
or 4 meters. The smoke optical density was measured 0.05m under the ceiling at a distance 
3 meter away from plume centreline. This room layout was also set-up using FDS3 
simulation. Simulated results were compared with experimental results and those from the 
above model, and are shown in the table below. 

The smoke optical density from the experiments were measured using obscuration 
(photoelectric) meters. 

 

 Maximum optical density (m-1) Time to reach (s) 

Davis and Reneke’s model 0.191 NA 

Yamauchi’s test 0.19 60 

VFS FDS3 simulation (setting 1#) 0.385 60 

VFS FDS3 simulation (T2 curve 100s) 0.105/0.19 60/78 

VFS FDS3 simulation (T2 curve 60s) 0.19/0.243 55/60 

#: Setting 1 for the fire source involves a ramping curve which reached 30%, 50%  
and 100% rated heat release rates at 5s, 10s, and 60s. 

 

 

 

                                                   
2 Davis, W.D. and Reneke, P., Predicting smoke concentration in the ceiling jet, NISTIR 6480, May 2000 
3 Marrion, C.E., Lag time modelling and effects of ceiling jet velocity on the placement of optical smoke detectors, Worchester Polytechnic 
Institute, 1989, pp.1-211 
4 Yamauchi, Y., Prediction of response time of smoke detectors in enclosure fires. NIST, NBSIR88-3707, 1988, pp. 1-46 
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8 Conclusions 

8.1 Fire size and enclosure dimension 
For Heptane fire in a room enclosure, simulation results for VESDA performance (activation 
time) agree very well with those from experiments for fire size range of 0.8kW to 3kW. The 
absolute differences between experiment and simulation results are within 16% (best case 
850W, door open/close and fan on/off). For a smaller fire size such as 300W, the results are 
still within 25% (worst case 300W, door open, fan on) even with the inference of airflow. 

8.2 Computer cabinet hot wire and resister test 
FDS3 model can simulate PVC-coated wire and resister overloaded in a fully sealed 
computer cabinet. The same fire sources can possibly be used in a larger enclosure. VESDA 
measurements follow the simulation results very closely. 

8.3 Calibration 
For the room fire simulation, in order to achieve better prediction results, calibration 
according to the result from the zone immediately above the fire source is necessary for 
small size fire, especially in strong airflow conditions. 

8.4 Effect of complex geometry and air flow conditions 
The complex geometry such as ceiling board and irregular room corner has a certain effect 
on the simulation results. To obtain more accurate prediction, it is recommended not to place 
the sampling holes near the ceiling boards. 

The validation results also compare favourably with certain fire/smoke tests and simulations 
conducted by other researchers. According to NIST “… the model predicts flow velocities 
and temperatures to within 20 % of the experimental measurements. In cases where the fire 
is large relative to the enclosure, the uncertainty of the model is greater due both to the lack 
of input data for material properties and combustion chemistry and to greater numerical error 
in combustion and radiation transport”. This further highlights that a difference in the order of 
15 to 25% between empirical and simulation results is acceptable. 

It is important to conduct large quantity of smoke tests in the real installation, taking into 
consideration the differences of airflow, room geometry and fire source, to further fine tune 
the FDS model prediction against VESDA detector measurements. 

 

Further Information 
For further information, please contact: 

Applications Engineering Group 
Xtralis 
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The door closed and the fan off, 3kW Heptane fire at centre of the room  Alert Level=0.05%/m 
Sampling zone Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 Zone 9 Zone 10 Zone 11 Zone 12 Zone 13 Zone 14 Zone 15 Ave. abs.diff. 

Trt - Alert (tested) 
(sec)  

44.3 36.3 48.7 31 21.8 38 32 14.8 33.7 35 22.5 38 52 42 48.2  

Trt - Alert 
(simulated) (sec) 

51 42.5 57 36 24.5 38.5 37.5 14 40.5 38.5 27 46.5 53.5 44 58  

Diff between test & 
simulation (%) 

-15.1 -17.1 -17.0 -16.1 -12.4 -1.3 -17.2 5.4 -20.2 -10.0 -20.0 -22.4 -2.9 -4.8 -20.3 13.5% 

 

The door open and the fan on, 3kW Heptane fire at centre of the room  Alert Level=0.05%/m 
Sampling zone Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 Zone 9 Zone 10 Zone 11 Zone 12 Zone 13 Zone 14 Zone 15 Ave. abs.diff. 

Trt - Alert (tested) 
(sec) 

50 33.5 45 31.8 22 33 34.5 14.3 32.3 55.3 22.5 42.5 111 56 71  

Trt - Alert 
(simulated) (sec) 

47 40.5 56.5 36.5 24 36 38 15.5 38 40 28.5 45.5 73.5 53 79  

Diff between test &
simulation. (%) 

6.0 -20.9 -25.6 -14.8 -9.1 -9.1 -10.1 -8.4 -17.6 27.7 -26.7 -7.1 33.8 5.4 -11.3 15.6% 

 

The door closed and the fan off, 0.85kW Heptane fire (#2 container) at centre of the room  Alert Level=0.05%/m 

Sampling zone Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 Zone 9 Zone 10 Zone 11 Zone 12 Zone 13 Zone 14 Zone 15 Ave. abs.diff. 

Trt - Alert (tested) 
(sec) 74.9 55.3 75.8 53.2 35.7 56.1 58.3 20.4 53.9 69.7 41.2 69.9 96.1 77.9 90.2  

Trt - Alert 
(simulated) (sec) 

80.3 60.7 81.2 58.6 41.1 61.5 63.7 25.8 59.3 75.1 46.6 75.3 101.5 83.3 95.6  

Diff between test & 
simulation. (%) 

-7.2 -9.8 -7.1 -10.2 -15.1 -9.6 -9.3 -26.5 -10.0 -7.7 -13.1 -7.7 -5.6 -6.9 -6.0 10.1% 
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The door open and the fan on, 0.85kW Heptane fire (#2 container) at centre of the room  Alert Level=0.05%/m 
Sampling zone Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 Zone 9 Zone 10 Zone 11 Zone 12 Zone 13 Zone 14 Zone 15 Ave. abs.diff. 

Trt - Alert (tested) 
(sec) 

91.5 67.4 74.3 59.6 35.7 55.9 61.5 20.7 57.4 95.3 54.5 84.6 >180 133.2 134.1  

Trt - Alert 
(simulated) (sec) 

72.6 48.6 69.5 52.4 25.9 38.9 85.7 13.7 42 77.9 42.9 61.4 >120# 123 121  

Diff between test & 
simulation (%) 

20.7 27.9 6.5 12.1 27.5 30.4 -39.3 33.8 26.8 18.3 21.3 27.4  7.7 9.8 22.1% 

Trt 1- Alert 
(simulated) (sec) 

79.6 55.6 76.5 59.4 32.9 45.9 92.7 20.7 49 84.9 49.9 68.4  130 128  

Diff between test & 
simulation (%) 13.0 17.5 -3.0 0.3 7.8 17.9 -50.7 0.0 14.6 10.9 8.4 19.1  2.4 4.5 12.2% 

Trt 2- Alert 
(simulated) (sec) 

79.6 55.6 76.5 59.4 32.9 45.9 57.2 20.7 49.0 84.9 49.9 68.4  130.0 128.0  

Diff between test & 
simulation (%) 

13.0 17.5 -3.0 0.3 7.8 17.9 7.0 0.0 14.6 10.9 8.4 19.1  2.4 4.5 9.0% 

 

The door closed and the fan off, 0.3kW Heptane fire (#3 container) at centre of the room  Alert Level=0.05%/m 

Sampling zone Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 Zone 9 Zone 10 Zone 11 Zone 12 Zone 13 Zone 14 Zone 15 Ave. abs.diff. 

Trt - Alert (tested) 
(sec) 

98.6 88.5 100.5 87.6 67.8 90.6 82.9 42.3 93.5 122.7 74.5 111.8 187.5 137.3 172.3  

Trt - Alert 
(simulated) (sec) 

134 112 145 104 73.5 104 109 40.5 110 112 77.5 122 141 118.5 144  

Diff between test & 
simulation. (%) 

-35.9 -26.6 -44.3 -18.7 -8.4 -14.8 -31.5 4.3 -17.6 8.7 -4.0 -9.1 24.8 13.7 16.4 18.6% 

 

The door opened and the fan on, 0.3kW Heptane fire (#3 container) at centre of the room  Alert Level=0.05%/m 
Sampling zone Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 Zone 9 Zone 10 Zone 11 Zone 12 Zone 13 Zone 14 Zone 15 Ave. abs.diff. 

Trt - Alert (tested) 
(sec) 

248 151.8 138.8 135.3 89.5 104.5 111.5 71.5 109 >240 134.5 120.9 >240 >240 197.7  

Trt - Alert 
(simulated) (sec) 

>200 186 >200 160 71.5 78.5 117 62 80 141 81.5 101.5 >200 149 152  

Diff between test & 
simulation. (%) 

 -22.5 -44.1# -18.3 20.1 24.9 -4.9 13.3 26.6 41.3# 39.4 16.0  37.9# 23.1 25.6% 

Notes: 
1. Ave.abs.diff.: Average value of all absolute percentages of difference between experiment and simulation results. 

2. Trt 1- Alert : Calibrating all simulation results using zone 8 result (i.e. the zone just above the fire source). 

3. Trt 2- Alert : The simulation result for zone 7 was replaced by a new simulation, which has half ceiling board near the zone 7. 

#: The differences were estimated by maximum testing/simulating times. 
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Introduction 

The VESDA VFT series by Xtralis are unique and versatile high sensitivity aspirating smoke detectors (ASD) that 
are able to pinpoint the source of an incipient smoke incident, speeding response, enhancing investigation and 
minimising business disruption and downtime. 

 

Value Proposition 

Standard ASD systems are well known for their very early warning capabilities but in certain applications, there is a 
need to precisely locate the source of the incident. Where the location is critical and a visual search is impossible to 
perform quickly, VESDA VFT’s unique addressable air-sampling technology will provide the only solution. 

VESDA VFT is the only ASD product available on today’s 
market to provide: 

 pinpoint location of the source of an incipient smoke 
incident and locate the event, therefore minimising 
investigation and downtime. 

 intelligent addressability to identify up to 15 protected 
areas, via micro bores tubes. 

 high sensitivity ranging from 0.001% to 20% obs/m 
(0.0003% to 6.1% obs/ft). 
 

The VFT series are complementary to the existing VESDA 
range and provide pinpoint addressability at a more 
compelling price than multiple VLS units with single hole 
pipes. 

Two models are available: 

 VFT-15 (0.001% to 20% obs/m or 0.0003% to 6.10% obs/ft) 

 VFT-15-C (1% to 20% obs/m or 0.3% to 20% obs/ft) 

 

Note:  VFT-15-C may not be available in certain regions eg. Americas; please check with an Xtralis office before 
you order. 

 

Choice of Detector 

The appropriate VESDA detector must be identified once site conditions are known and the sampling method has 
been selected. The detector should be selected based upon area coverage and the type of sampling method 
required.  

The following table identifies the suggested VESDA detector for different environments. Actual site conditions and 
pipe network design will determine the final choice of the detector. 
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Environment VLP VLS VLC VLF VFT

Aircraft Hangars x x
Atria x
Auditorium x
Cable Tunnels/Trays x x x
Casinos x x
Clean Rooms x x x x x
Cold Rooms x x
Computer Rooms x x x x x
Control Rooms x x x x x
Dormitories x x x
EDP Environments x x x x x
Elect/Switching Cabinets x x x
Equipment Cabinets x x x
Historical Buildings x x x x x
Hospitals x x x x x
Hotels x x x x x
Laboratories x x x x x
Libraries/Archival Storage x x x x
Manufacturing Facilities x x
Museums/Art Galleries x x x
Offices x x x x
Prison cells x x x x
Schools x x
Storage Areas x x x
Substations x x x
Telecommunications x x x x x
Theatres x x
Transportation x x x  

Table 1: VESDA product line selection across common environments 
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Product Positioning and Applications 

With the introduction of the VFT series, the VESDA line can now offer a true addressable ASD. 

 

 

Note:  VFT-15-C may not be available in certain regions eg. Americas; please check with an Xtralis office before 
you order. 
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The following describes the advantages of the VESDA VFT in specific application environments. 

 

Datacom Rooms and Equipment 

The current solution for protecting the open environment of a modern high density data center consisting mainly of 
actively cooled cabinets is to place a sampling pipe above the hot isles (or according to prescribed detector 
spacing) and to sample at the return air grille of the cooling system. A VESDA VLP is commonly specified to 
provide ceiling and return air protection, perhaps with a second detector, such as a VESDA VLF, to provide 
protection on an economy-cooling supply air grille. An example of such a configuration is shown in  
Figure 1. 

 

 

Figure 1: VLP and VLF solution in a server room providing good general area protection  
 

Though good very early warning coverage is provided, only a global alarm will be generated by the VLP, requiring 
visual inspection to determine whether the smoke is detected at the ceiling or at an air return grille.  

Addressability to a particular hot isle or a HVAC grille might be possible by using a VESDA VLS pipe per isle or per 
grille but this may be expensive and in many cases the airflow topologies might not physically allow this level of 
addressability.  
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In addition, a number of evolving trends in data center design create additional fire detection challenges and new 
risks. If the new breed of sealed (actively cooled) cabinets are used to house mission-critical or high risk servers 
then they are not adequately protected by the room detection solution. Indeed, if no detection is provided within 
these cabinets then the fire risks might not be discovered until after the fire grows to breach the cabinet, with 
disastrous consequences. Also, the introduction of ‘floor-mount’, ‘in-isle’ air-conditioning systems and hot/cold isle 
containment systems can create unprotected ‘microclimates’ within the data center. Without the addition of 
dedicated smoke detection, these interior zones pose a real risk of contamination, smoke damage and outbreak of 
fire before the approved fire systems are involved. 

The introduction of VESDA VFT provides a flexible addressable solution to better meet the existing and evolving 
needs of the data center, allowing: 

 Identification of smoke within fully enclosed cabinets 

 Identification of smoke within the microclimates within isles 

The application of VFT provides fully addressable coverage of the mission critical cabinets at the left side while the 
VLP detects less critical environments as across the return air grille and hot isles as is shown in Figure 2. 

 

Figure 2: VFT solution in a server room providing improved addressability 
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Electrical and Switch Equipment 

The current solution for protecting low heat load vented cabinets (passively cooled or with low-speed active bottom 
to top cooling) is to sample at the top of the cabinet using capillary tubes placed into the various cabinets from a 
main branch pipe. 

Though good very early warning coverage is provided, the disadvantage is that only a global alarm will be 
generated, requiring visual inspection of each cabinet to determine the source. 

 

Figure 3: Existing VLP/VLS solution for cabinet protection 
 

Use of a VLS provides enhanced addressability per main branch pipe but still does not provide individual cabinet 
identification. Individual cabinet identification is important particularly when downtime is extremely costly and 
shutting down multiple cabinets to identify the origin of the smoke is not an option.  

The VESDA VFT-15 offers an extremely competitive and more elegant solution for identifying up to 15 individual 
vented cabinets. 
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Figure 4: VFT-15 solution for individual enclosed cabinet protection 

 

The benefit of having individual cabinet monitoring is very important for achieving maximum protection. As with 
most installations, it is good aesthetic practice to run the pipes through roof or floor spaces. The direction of 
passive or active airflow through the cabinets will determine the location of the sampling point(s) within the cabinet.  

 

Conclusion 

Supported by powerful VESDA configuration and management software, the VESDA VFT series are ideally suited 
for these applications: 
 computer and server rooms, where a specific enclosed server cabinet can be identified and singled out for 

investigation 

 switchgear cabinets, clean rooms and research facilities, for individual protection of mission critical cabinets 
and equipments  

 prison and correctional institutions for compartmentalized, tamper-proof smoke detection 

 ancillary high risk area protection in pharmaceutical and clean rooms 

The VFT detector also comes with a number of optional accessories to tailor for every professional project. 
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Introduction 
The effects of a small fire event at a nuclear power plant can disrupt the 
supply of electricity to many thousands of customers and loss of feed-in 
tariffs to the operator. The consequences of a serious fire that causes core 
damage can affect the health and welfare of millions, perhaps generations 
of citizens and the environment. Clearly the stakes are very high. Nothing 
defines 'mission-critical' like nuclear facilities. 

A fire at the Browns Ferry Nuclear Power Plant, in Alabama, USA on 
March 22, 1975, was a pivotal event that brought fundamental change to 
fire protection and its regulation in the U.S. nuclear power industry. The fire 
started when plant workers in the cable spreading room used a candle to 
test for air leakage through a non-fire-rated (i.e. polyurethane foam) 
penetration seal that led to the reactor building. The fire ignited both the 
seal material and the electrical cables that passed through it, and burned 
for almost 7 hours before it was extinguished. More than 1600 cables were 
affected and of those 628 were important to safety. 

The fire damaged electrical power, plant control systems, and 
instrumentation cables that impaired the functioning of both the normal and 
standby reactor cooling systems, and affected the plant monitoring 
capability for the operators. Given the loss of many safety systems, the 
plant operators had to perform emergency repairs in order to restore the 
plant’s systems needed to place the reactor in a safe shutdown condition. 
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The investigations that followed the Browns Ferry fire identified significant deficiencies, both in the design of fire 
protection features at nuclear power plants and in the plant procedures for responding to a fire event. The investigators 
concluded that the occupant safety and property protection concerns of fire insurance companies did not sufficiently 
encompass nuclear safety issues, especially in terms of the potential for fire damage to cause the failure of operational 
systems - particularly redundant systems and/or components important for safe reactor shutdown. Today the fire 
protection programs for nuclear power plants must ensure that the primary goals of minimising both the probability of 
occurrence and consequences of fire are fully addressed. Thus, the fire protection system must provide reasonable 
assurance that a fire will not prevent the performance of necessary safe shutdown functions and will not significantly 
increase the risk of radioactive releases to the environment. The primary fire protection program objectives for 
operating reactors are to: 

 Prevent fires from starting, 

 Detect, rapidly control, and promptly extinguish those fires that do occur, and 

 Ensure that structures, systems, and components needed for safe shut down are protected against a fire that is not 
promptly extinguished. 

In response to the need for reduced building costs while providing increased safety, performance-based building codes 
are being developed in many countries

1. It is now widely accepted that professional risk management techniques will 
permit the most cost-effective and reliable solutions to be implemented. 

Bruce Power, Canada, has accomplished an example of a performance-based 
approach that meets the objectives stated above. In 1999, Bruce Power began an 
upgrade project to retrofit two plants that were designed and built in the 1970s, with 
a refined focus on "defense in depth" fire protection. The project represented the 
single largest fire protection upgrade in the nuclear industry. 

Due to the magnitude of the plants’ fire protection upgrades, Bruce Power actively 
worked with the NFPA to develop solutions to the unique problems they faced. At 
the company’s request, NFPA convened a meeting of the Technical Committee for 
Nuclear Facilities, which encompassed NFPA 805, Performance-Based Standard 
for Fire Protection for Light Water Reactor Electric Generating Plants. This provided 
an opportunity to consider how performance-based options can be practically and 
effectively applied to upgrade situations. 

VESDA was chosen for several reasons. The main areas of concern were slow, 
electrical, and electronic-based fire loads in systems that affected the safe operation 
of the reactor. 

The initial stages of these types of fires are difficult to detect using traditional 
standard spot detectors. Traditional smoke detection systems may not activate 
before a fire progresses to a critical stage.  

 

 

 

 

                                                   

1
  Viz. NFPA 805 Performance-Based Standard for Fire Protection for Light Water Reactor Electric Generating Plants and CAN/CSA-N293-M87  

(Fire Protection for CANDU NPP). 
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Thermal fire detectors and sprinklers respond only at a particular temperature level (usually 135°F/57°C), with the 
potential of allowing a fire to escalate without any opportunity for early investigation or intervention. 

Flame detectors require a visible flame and can be hampered by having their field of view obstructed by cable trays, 
equipment cabinets and other objects.  

Very early detection of smoke affords the greatest opportunity to investigate any fire risks early, and manage them 
while the risks are low and the options for fire control are abundant. 

Other key reasons for the selection of VESDA were its ease of installation and maintenance. More than 50 VESDA 
detectors were installed, and the company continues to invest in use of VESDA after nearly a decade of trusted 
service. 

VESDA Aspirated Smoke Detection is designed to address the specific operational areas such as control rooms, 
unmanned substations and environmentally challenging areas in power plants, such as areas that may have diverse 
temperature ranges, moisture content, continuous background levels of dust, ionizing environments and increased 
airflow levels. The flexibility of aspirated smoke detection enables these fire systems design challenges to be 
overcome. 

Aspirated Smoke Detection 
Aspirated smoke detection (or “air-sampling smoke detection" (ASD)) systems are quite different from conventional 
spot type smoke detectors. For open-area protection, aspirated systems typically comprise a number of pipes laid out 
above or below a ceiling in parallel runs, some meters apart. Small holes, also some meters apart, are drilled into each 
pipe to form a matrix of holes ('sampling points'), providing an even distribution across the ceiling. Air or smoke is 
drawn into the pipework through the holes and onward to a very sensitive smoke detector mounted nearby, using the 
suction pressure of an aspirator/fan or air pump. For specific object or cabinet protection, the sampling points can be 
fed into and around the equipment with flexible capillary tubes. 

 
Large open spaces or small confined spaces are easily protected through the flexibility of ASD pipe networks 

This Graph of Smoke Density versus Time illustrates the 
fundamentals of proactive fire detection systems:  
(1) high sensitivity to detect incipient fires early,  

(2) multiple levels of alarm throughout the potential growth 
of a fire to initiate responses appropriate to the risk and  

(3) a broad sensitivity range to enable indication of 
escalated fires and actuation of automatic fire fighting. 
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The VESDA aspirated smoke detector is a refined form of air pollution monitor, which has sensitivity several hundreds 
of times higher than conventional smoke detectors, yet due to quality of design, optics and electronics its false alarm 
rate is exceptionally low. 

VESDA detectors monitor for the early symptoms of overheating materials, and provide early indications of thermal 
events and fire risks possibly hours before a fire develops.  

In this way, very early warning allows plenty of time for human intervention, or automatic intervention by the operation 
of an electric circuit breaker for example (which removes the source of heat - electric current). The primary role of 
aspirated smoke detection is, therefore, fire prevention. 

One particular feature of the VESDA system is its flexibility in the setting of its sensitivity. The detector alarm levels can 
be set from 0.005% Obscuration/m to 20% Obscuration/m. Obscuration is the effect that smoke has on reducing 
visibility. Higher concentrations of smoke result in higher obscuration levels, lowering visibility.  

The first three levels would be set in the usual manner.  For example, in a relatively clean environment ALERT might 
be configured at 0.03%/m, ACTION at 0.06%/m and FIRE1 at 0.12%/m.  

There is then the opportunity to set the fourth level of alarm, FIRE2 (at 7%/m for 
example), acting as confirmation of a serious fire event, with the option to activate 
a suppression system at that point.  

The provision of these programmable alarm levels allows development of a 
comprehensive emergency response strategy, for example the Alert alarm 
condition may be used to call local staff to investigate an ‘abnormal condition’. 
Should the smoke condition escalate then the Action alarm condition can be used 
to automatically initiate smoke control, begin a warning sequence via the voice 
alarm system and alert further staff members via paging or SMS to mobile 
phones. Automatic shutdown of electrical systems and initiation of redundant 
systems may be commenced at this stage. The FIRE1 level indicates that a 
serious fire condition is imminent, and it is at this stage that the building Fire 
Alarm Control Panel is activated and the signal transmitted to the local monitoring 
company or fire department. The FIRE2 Alarm level will activate once the level of 
smoke is significant enough to calculate that a very serious fire is progressing and therefore suppression systems can 
be activated. This one product can provide very early warning as well as initiate suppression at a much later stage. 

A unique aspect of VESDA detection is the consistency of operation over the life of the detector. Because of the quality 
of the sensor design and the unique and patented mechanisms for avoiding contamination of the optics, VESDA 
detectors can provide what is termed "absolute smoke detection". VESDA detector do not use drift compensation or 
relative scaling methods. Such methods, seek to adjust the smoke alarm thresholds established at the time of 
commissioning to accommodate contamination of the optics. Such contamination causes an indeterminate but 
noticeable combination of lost detector gain (reduced sensor sensitivity) and an increased reported background signal 
level (sensor noise). Depending on the balance of these two effects and the details of the compensation method, such 
detectors provide a reduced sensitivity to incipient fires and an increased risk of nuisance alarms. Safety margins can 
be lost without notice.  

With protected optics and absolute smoke detection, VESDA detectors are able to operate without the need for smoke 
alarm threshold adjustment. The thresholds established through good engineering and set during commissioning 
(perhaps to a corporate standard for the risk type) remain as set. No need for re-calibration. No risk of loss of sensitivity 
over time. Assurance of repeatability and availability. 

The US Nuclear Regulatory Commission has recognized the risks of systems that vary their sensitivity without notice 
and requires reductions in sensitivity to be "considered in the fire PRA as a reduction in the system’s effectiveness".

2 

                                                   

2
 U.S. NRC FAQ 08-0046 

One product can 

provide very early 

warning as well as 

initiate suppression 

at a much later 

stage. 



 

Page 5 of 12 

VESDA by Xtralis White Paper - Very Early Warning Aspirating Smoke Detection in Nuclear Power Facilities 
 

Absolute detection is a feature only offered by the Xtralis aspirating smoke detection systems. Given the high value of 
property and human lives involved, and given the increasing reliance on aspirated smoke detection within 
performance-based designs, absolute smoke detection is vital to Very Early Warning Smoke Detection. 

 

Maintenance 
In order for performance-based system design objectives to be met throughout the planned “lifetime” of that design, the 
system must be maintained to deliver consistent performance. Ensuring that performance is maintained requires 
vigilance. Nuclear Power Plants consist of diverse and challenging areas including high ceilings and overhead cable 
trays making it difficult to access smoke detectors for maintenance and testing. Dusty and dirty conditions will affect the 
normal functioning of conventional detectors resulting in frequent and expensive maintenance or replacement. 
Therefore the selection of a smoke detector that requires minimal maintenance and that makes any maintenance 
simple has obvious advantages in both reducing cost and also ensuring the continued validity of the performance 
based design. 

There are three main elements of the Aspirated Smoke Detector that require routine maintenance: 

 the detector 

 the filter and 

 the pipe network 

VESDA detectors have a design-life in excess of ten years within standard applications. The detectors themselves 
require no re-calibration and are essentially maintenance free. The replaceable VESDA filter has two functions: 

 to prevent false alarms contributed by dust particles entering the detector, and 

 to prevent any soiling of the detector optics. 

The filter loads up with dust particles at a rate that depends upon the environment, generally requiring replacement or 
cleaning of the filter about every one to two years. In a given environment, the key factor that determines filter life is the 
quantity of particulate passing through the filter. The filter cartridge remains the only maintenance item within the ten-
year cycle.  

To ensure maximum service life of the filter in any environment, the operation of 
the filter is monitored in a number of ways by the detector. These include an 
analysis of the quantity of smoke and dust passing through the filter, using particle 
size distribution, which identifies remnant dust that may pass through the filter. 
This same information is also used in avoiding false alarms from this remnant 
dust. As the filter approaches its service lifetime, a preventative maintenance 
indication is provided. 

The airflow of each pipe in a VESDA system is monitored so that a blocked pipe 
or open pipe will trigger a fault condition. If the holes in a pipe become blocked the 
reduced airflow will be detected and a fault condition raised at a predetermined 
percentage of low or high airflow. If the pipe requires maintenance it is a simple 
task to clean the pipes holes using compressed air or vacuum to remove the dust. 

The cost of routine functional testing of smoke detection systems in nuclear 
facilities can represent a significant burden. However, because of the active 
nature of aspirating smoke detectors, NFPA 72 makes special provision for their 
testing. Table 14.4.2.2 (NFPA 72 (2010)) allows the detector alarm response to be "verified through the end sampling 
port on each pipe run". Avoiding the need to test every sample point with smoke has tremendous cost savings, 
especially in areas of difficult access. For this reason, in applications like cable spreading rooms, it is common to run 
the pipe back down the wall opposite the detector to place the last sample point at a convenient and readily accessible 
height. The detector, through its active airflow monitoring verifies the airflow through all other ports.  

Avoiding the need to 

test every sample 

point with smoke 

has tremendous cost 

savings, especially in 

areas of difficult 

access. 

 



 

Page 6 of 12 

VESDA by Xtralis White Paper - Very Early Warning Aspirating Smoke Detection in Nuclear Power Facilities 
 

The maintenance advantages of ASD, derived from the ability to separate the detector from the protected space, are 
especially prominent where there is a risk of exposure to radiation. ASD's ability to reduce the business cost of  
man-rem results from: 

 Time: reduced detector device count and ease of service means reduced exposure time 

 Distance: detectors placed away from risk keeps staff at a safe distance 

 Shielding: staff can remain shielded from the risks. 

 

Application and Increased Recognition in Performance Based 
Designs 
Although the design of fire protection systems has primarily been based on 
traditional prescriptive fire codes

3, there is an increasing emphasis on 
performance-based codes that address individual environment requirements. 
Performance-based design determines the best fire protection system by 
assessing the function, risk factors, and internal configuration and conditions of a 
specific environment. When designing a Fire Detection System the designer must 
consider the: 

 airflow characteristics and the air change rate within the room 

 coverage area per detector and sensitivity required 

 room size and characteristics – raised floor, tall ceilings etc 

 environmental factors that may affect the detection system 

 annunciation of emergency response systems 

 activation of mechanical control systems such as air extraction and 
suppression systems 

The versatility and ease with which the performance of ASD systems can be 
predicted using fire models makes them ideal for performance based designs. 
Spot-type detectors suffer from unpredictable smoke entry times which commonly 
leads to poor alignment of models to reality. ASD systems, however, are now very 
well supported by the most popular computational fluid dynamics modelling tools.

4 

The use of NFPA 805 as a performance-based alternative to the deterministic requirements of 10 CFR is growing in 
popularity. The NRC's increased recognition of the effectiveness of ASD systems is expected to drive probabilistic risk 
assessments that take credit for the improved availability of the fire system. 

 

 

 

 

                                                   

3 See NFPA 804 Standard for Fire Protection for Advanced Light Water Reactor Electric Generating Plants 

4
 See http://www.fire.nist.gov/fds/thirdparty.html 
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Applications within Nuclear Facilities 
Bruce Power uses VESDA in all of its control equipment rooms, cable-spreading areas, and in many of its electrical 
safety environments. These areas have a fire loading that would typically produce a slow, smouldering event or an 
overheating electrical/electronic component incident. 

Electrical, Switch, Relay and Control Equipment Rooms 

The electrical demand of the in-cabinet equipment is a major fire risk and a primary cause of fire incidents in nuclear 
facilities. 

Challenges 

 Low thermal energy of an in-cabinet fire reduces the effectiveness of room-based detection during the incipient 
stage, requiring in-cabinet detection. 

 In-cabinet equipment may require a forced ventilation to maintain a suitable operating temperature, causing smoke 
dilution. 

 Forced air ventilation in the room increases smoke dilution, and impedes the detection of smoke by conventional 
systems, also frustrating fire source location. 

Solution 

Locating sampling pipework in each cabinet, before dilution in the room space, ensures earliest detection. Use of 
highly-addressable ASD systems enables source location down to the individual cabinet. This avoids human factors 
risks in location of the fire source within a room. This also enables a focussed investigation and the fastest resolution.  

Having all detectors networked and providing alarm and smoke level data monitored at a central site allows response 
crews to proactively identify the cabinet at risk, its operational function, possible redundancies and the best response 
strategy before venturing to the site. 

 

 
Highly addressable ASD systems like the Xtralis VESDA VFT-15 can find fires fast at their source.  

The availability of precise location information reduces the risks of an unsuccessful operator response -  
there is no need to manually hunt for the cabinet in the room that caused the alarm.  
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In addition room-level detection can sample at the ceiling and on any return-air grilles to ensure entire facility coverage 
and redundancy. 

The use of networking and advanced graphical monitoring equipment allows greater awareness and control over any 
incident, whether it is the task of isolating a detector for planned hot-work, a routine maintenance report or investigation 
of a suspected incipient fire event on the other side of the facility.  

 

 

 

Low thermal energy, poor ventilation, or in some cases forced in-cabinet ventilation can adversely affect the detection 
capability of a conventional spot-type smoke detector. In addition, these systems require more complex maintenance 
and testing than aspirating systems. The advantages of using aspirating-type incipient fire detection to identify the 
earliest signs of fire in such cabinets is now specifically recognized by the U.S. NRC in its FAQ 08-0046. 

 

Cable Spreading Rooms and Tunnels 

Containing meters of communication, power and control cabling, the spreading rooms and tunnels provide an integral 
link between the critical operational areas of Control Room, Switch Room and High/Low Voltage Annexes. These areas 
often represent a single point of failure for many mission-critical and safety-critical systems. A fire here can be 
devastating. 

The use of high energy systems and the risks of DC power cabling escalates the potential for fire in these areas. 
Detection of fire in the incipient stage, well before heat might be detected by linear heat cable systems is essential. 
Once heat has been generated the risks of a flaming fire and its consequences are demonstrable.  

Smoke detection is required to ensure risks are managed early, perhaps well before the circuits causing the fire risk 
actually fail. 

Challenges 

 The main fire risk is the concentrated and constant level of power transported along the cables. 

 Maintenance of spot-type detectors on a ceiling, above a web of trays and cables, is often considered prohibitively 
risky. In many cases the spot-type detectors are out of reach and access to them creates more risks to the cables. 

Real-time indication of all alarms can be received in the 
full graphical context of your infrastructure using 

advanced monitoring software 

 

Monitoring software enables you to drill down to find the 
alarm’s source and arm your fire crews with the 
information they need to respond appropriately 
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ASD systems provide early fire detection in long cable tunnels, well before 
 significant heat could be detected in the space, whether ventilated or not. 

 

 Located underground and typically classified as hostile, confined space, cable tunnels exhibit an increased level of 
ambient pollution and dangers of low oxygen or build-up of explosive or toxic gases may impede investigations or 
fire fighting. 

 Not only can the configuration and location of the tunnels impede general access, but also the response and 
containment of a fire. 

 

Solution 

Installing ceiling mounted pipework with bi-directional 
pipe runs provides optimum, earliest warning smoke 
detection in cable tunnels. Installation of ceiling 
mounted pipework, with the hole at the end of the pipe 
run placed at a height convenient for smoke testing 
solves the access problem. In both cases the detector 
can be placed in an area that enables convenient 
detector maintenance, perhaps well away from the 
protected area, and away from any gas hazards. 

The presence of ceiling voids or 'beam pockets' may 
require the installation of interbeam sampling to comply 
with fire codes. With ASD systems this is simple and 
cost effective via a ‘walking stick’ pipe. Sampling holes 
beneath the beams is also permissible and provides 
improved detection. This is especially recommended  
when beam depth is large or height above floor level is high. 

 

 

 

Bi-directional pipe 
runs 

Detector within 
convenient access 

 

 

Installation of pipework in very deep beam spaces is very 
cost effective. 

 
Sampling Holes 
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Large Open Spaces; Generator Building and Fuel Building 

The fire in the Columbia Generating Station near Richland, WA, USA on August 5, 2009 is reminder that large open 
spaces in a facility are also a risk.  The fire was found in a 6.9 kV feed bus to switchgear in the plant’s turbine building. 
The fire and associated fault to the switchgear feed bus caused a loss of power to both reactor recirculation pumps and 
an automatic reactor scram. The fire also produced smoke and potentially toxic gases and this was a principal reason 
for the declaration of an Unusual Event. 

Challenges 

Generator halls typically have roof heights exceeding 10 metres which makes it very difficult for conventional point type 
smoke detectors to detect low levels of smoke or small increases in the ambient level of smoke. Stratification or 
thermal layering of the air at these heights may stop smoke reaching the roof level at all.  

Solution 

A carefully designed VESDA system will take this into consideration and allow for sample points at various heights to 
compensate for stratification. Sampling the return air grilles located in these spaces increases the speed of detection of 
an incipient fire condition, due to the predominant effect of the high air exchange rates on the airflow patterns in the 
space. Smoke from an incipient fire has little plume strength and its path will be primarily governed by the airflow 
patterns present in the room. The cumulative effect of several sampling points drawing in smoke that has become quite 
homogeneous enhances the effective sensitivity of an air sampling type detection system. U.S. codes

5
 allow credit for 

a very early warning ASD smoke detection system as a type of prompt detection if installed on a room- or area-wide 
application. 

 

The sampling of multiple sampling points placed at different heights on the walls, as well as monitoring the  
return air grilles ensures reliable sampling of the large open spaces such as turbine halls and spent fuel pools. 

 

 

 

 

                                                   

5
 NUREG/CR-6850 / EPRI-1011989. Subject to the system’s failure probability being factored into the evaluation (typically estimated at 0.995 (EPRI-

1016735)). 
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Conclusion 
All areas of the plant that are mission critical to the safe operation of the reactor must be protected from fire risks at the 
earliest opportunity. However, fire protection for these unique, high value facilities is not a simple matter. A proactive 
approach with very early warning fire detection meets these unique challenges and ensures life safety and business 
continuity.  

Xtralis VESDA systems meet the performance objective to detect smoke at the very early stage of a fire within critical 
operational areas of the plant. The VESDA features provide the designer flexibility by meeting design requirements of 
prescriptive codes as well as meeting today’s performance-based approach. VESDA detectors allow deterministic code 
compliance and allow operators to take the most credit for the availability of their fire systems within a fire PRA. 

These enabling features include: 

 Flexibility to design pipe network to suit the environmental conditions, whether extremely hot, cold, dusty or even 
ionizing environments 

 Wide Detection Range with multiple alarm levels for staged outputs for early investigation and emergency response 

 Cumulative air sampling that provides detection benefits in large area and high-airflow environments 

 Low maintenance costs with sampling remote from the protected area 

 Highly addressable systems that can pinpoint the fire source within up to 15 cabinets 

 Multiple configurable outputs for automated initiation of redundant systems, shutdown and actuation of suppression 
systems. 

 Absolute smoke detection that allows complete confidence of fixed alarm thresholds, as commissioned, as 
designed, to your policy. 

 Advanced networking and monitoring software that allows complete control of all devices and remote investigation 
in a graphical context. 

 

VESDA helps protect similar facilities around the world, including: 

Palo Verde 1, 2, 3, AZ, USA Seabrook, NH, USA Sizewell B, Nuclear, Suffolk, UK 

Nine Mile Point 1, 2, NY, USA Bruce A, B, Ontario, Canada Berkeley Nuclear Power Station, UK 

Three Mile Island, PA, USA 

Clinton, IL, USA 

Point LePreau NGS, 
New Brunswick, Canada 

Heysham Nuclear Power Station, UK 
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The Complementary Application  
of Very Early Warning Fire  
Detection and Reliable Gas  
Monitoring in Diverse  
Environments 

Introduction 
Different environments present different fire risks. The life safety and 
commercial implications of fire are enormous. There are also a number of 
significant challenges to achieving reliable fire system performance within 
the many unique physical environments to be protected. Because of these 
imperatives and fire protection challenges, a number of detection 
technologies have gained widespread acceptance. Among these, air-
sampling smoke detection (ASD) is the preferred method for detecting 
smoke and fire in diverse environments because of its proven reliability 
and low-maintenance profile.  

Increasingly, the need to safeguard against gas leaks or unsafe levels of 
gases in manufacturing and industrial environments has been recognized. 
Legislation and awareness of safe work practices is driving this. The 
limitations of the current systems have led to a need for innovation. Many 
of the issues can be solved by new applications of existing technologies. 

This paper introduces ASD and discusses its emerging and 
complementary application to provide gas detection and environmental 
monitoring in these diverse environments. 
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The Manufacturing Industry Fire Problem 
The risks and causes of fire within manufacturing environments are broad, often interrelated, and hard to avoid: 

 High voltage. Many processes within manufacturing require high voltage or current draw that increase the 
possibility of fire in the event of poor or damaged circuitry. The use of large electro-mechanical systems is 
commonly associated with industrial fire incidents. 

 High-power electromechanical devices. Use of systems or processes that generate significant amounts of heat, 
such as belts for conveyors, drills or mills, pose major accident potential. 

 High temperatures. High-temperature equipment or processes, such as ovens or welding, pose a real danger of 
fire if not properly contained.  

 Flammable gases and liquids. Flammable gases and liquids used during the manufacturing process can increase 
the likelihood of fire and speed the growth of a fire. 

 Fume and contaminant extraction systems. Industrial exhaust systems are renowned for causing fires within 
their dust and particulate collection systems, especially if used near hot work. If not monitored and/or suppressed, 
fires can progress rapidly through the steady supply of air.  

 
Manufacturing facilities are expensive and difficult to clean and replace yet too expensive to lie idle. The concentration 
of high-value equipment and financial consequences of business interruption has led to the view that better systems 
are needed for fire detection. The problem, however, is that early or even reliable detection of fire in these 
environments is challenging. Traditional fire detection systems are particularly taxed by certain features of 
manufacturing environments that overwhelm their capacity to detect fire. Here are some examples: 

 Tall ceilings and large, open spaces cause smoke dilution – even quite large fires can be hard to detect fast or 
reliably. 

 High air movement, often with open doors and windows, can carry smoke away from detectors — high-velocity air 
dilutes smoke very quickly.  

 Electrical noise may affect point detector performance where detection is required near manufacturing equipment. 

 Common return air paths and filtration – The source of a fire may be difficult to determine due to rapid mixing of 
air flows at an air return so early detection close to the source is essential. In addition, if air is filtered to reduce 
smoke or be removed from the space entirely, then fires will be more difficult to detect because there will be no 
gradual increase via recirculation — detection must occur before smoke filtration or removal. 

 Crowded floor spaces make access to the ceiling and routine system maintenance difficult – getting access to 
detection systems above manufacturing hall tools with a scissor lift is often impossible. In addition, system testing 
should not introduce contaminants in sensitive environments. 

 Cost, complexity and dangers of evacuation – Many facilities, like steel works and pharmaceutical plants, 
require complex processes be carried out before evacuation can begin, including security protocols. And the act of 
evacuation itself creates enormous process interruption costs.  
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Figure 1 — Average cost of hourly downtime for manufacturing ranks as one of the highest
i. 

 

Early Warning Concepts 
Improved detection speed increases the opportunity to investigate risks, intervene early, and avoid an escalating fire, 
while protecting property and ensuring safe egress. If fire is detected and managed during the incipient phase, the 
opportunities for simple and low-cost management of the risk are significantly enhanced. Quelling a small fire might 
simply involve turning off a piece of production equipment. Having multiple levels of alarm spread across the life of a 
fire enables early detection and response to arrest the propagation of the accident sequence. The trend of 
consequences from early to late detection is illustrated in Figure 2. 

 

FIRE 1ALERT ACTION FIRE 2

 

Figure 2 — Early detection and multiple levels of alarm reduces risk through the life of a fire. 

A better awareness of even potential fire risks also reduces the costs of any nuisance alarms. Instead of the response 
procedure involving an immediate down-tools and evacuation, a trained facility manager can respond quickly and 
appropriately with a prudent level of investigation. Even if the first level of alarm indicates a spurious and benign cause 
and no fire, the “nuisance alarm” has done little more than alert the facility manager to the potential of a thermal event 
without interruption to business continuity. Reduction of down time and business interruptions are valuable benefits of 
very early detection. Of course, detection that avoids the total loss of a facility is of enormous value. 
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Air-sampling Smoke Detection 
Air-sampling smoke detection (ASD) involves a fixed system that draws air via a pipe network back to a central 
detector, which continually monitors for very small amounts of smoke.  

 

Figure 3 — ASD consists of a centralized, highly intelligent detector that draws air samples to it through a series of pipes. 

 

The systems typically use forward light-scattering principles with high-quality optical designs to achieve sensitivities 
hundreds of times greater than those of a commercial, spot-type smoke detector. Good product designs also allow 
reporting of very high levels of smoke with multiple, software-configurable alarm levels. Products designed with a 
clean-air barrier to protect their sensitive optics are also tolerant to continued and reliable use in relatively high levels of 
contaminants. The ability to place the detector remote from the protected environment or outside of a large piece of 
equipment enables sampling for smoke from within very harsh-temperature, humid, dust-prone, or high-vibration 
environments. The flexibility of using pipes and ancillary filtration to ‘condition’ the air sample is one of the unique 
aspects of ASD that has allowed its successful use in a broad range of arduous applications.  

ASD detectors come in many shapes and sizes. The majority use either single or multiple large bore (~3/4”ID) pipe 
inlets. Air entering a hole is mixed with air entering the same pipe in these systems. Some large bore systems have the 
ability to identify which pipe has sensed smoke. Some models use micro-bore tubing (~3/16” ID) and support 
identification of the fire source across as many as 15 such flexible tubes. ASD systems actively draw air samples into 
the pipe and monitor the pipe network flow to ensure continuous sampling — free from blockage or pipe damage. 

 

 

Figure 4 — Active sampling and flow monitoring ensures detector function without risk of an unknown blockage. 

In contrast, conventional point-type smoke detectors must wait for smoke to enter their chambers, do not have flow 
detection, and because they are unable to protect their optics from contamination, are prone to nuisance alarms or 
deteriorating performance. 
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Applications for Air-sampling Smoke Detection 
ASD is the most popular technology for very early warning smoke detection. ASD now accounts for a significant portion 
of commercial smoke detection installed around the globe in a range of sterile and hazardous manufacturing 
environments

ii. ASD has been proven to provide reliable detection in a very wide range of enclosed spaces.  

ASD is widely used to monitor for smoke in processes that depend upon cleanliness, such as those found in 
pharmaceutical, food and semiconductor manufacturing. This detection technique is also used in general 
manufacturing environments for its low cost of installation and centralized maintenance with reduced impact on 
process continuity. ASD is selected in harsh manufacturing facilities, like steel mills, due to its reliability and superior 
tolerance to contamination. Some emerging ASD technologies can also be used to distinguish and detect smoke in an 
environment heavily laden with dust; however, this has not yet been reliably demonstrated with all dust types and sizes 
of smoke and dust.  

 

The Need for Gas Detection and Environmental Monitoring 
Efficiency, productivity and a good working atmosphere are interfused in a competitive world. The requirement to 
ensure a safe manufacturing environment for staff runs parallel to the need to ensure manufacturing equipment and 
processes also continue to run optimally. Detection of a gas leak from a manufacturing process into the occupied 
environment serves to identify risks to man and machine and the safety of all dependent processes. In general terms, 
the sources of fire and gas hazards can be categorized as one of three types: 

Toxic Gases. A toxic gas is defined as a chemical compound that when inhaled, ingested or absorbed through the skin 
provokes a wide range of damage — from minor irritations to death. Exposure limits to toxic gases have been 
established by occupational safety agencies and may vary according to local directives. Usually exposure limits are 
defined as TLV (Threshold Limit Value), STEL (Short Term Exposure Limit) and TWA (Time Weighted Average) as 
defined by the American Conference of Governmental Industrial Hygienists (ACGIH).  

Oxygen Deprivation. Oxygen is one of the top four gases measured in industrial environments. Oxygen is also used 
to notify personnel that an area has been or is being flooded by an “inerting” gas such as nitrogen. 

Flammable Gases. A flammable (combustible) gas is defined as a chemical compound that will ignite (or explode) on 
contact with an ignition source. The lower explosive limit (LEL) defines the lowest concentration of a flammable gas in 
the air that allows ignition (or explosion). The upper explosive limit (UEL) defines the maximum concentration of 
flammable gas in air that may cause explosion. Concentrations of the combustible above the UEL cannot generate 
explosion because of the insufficient concentration of oxygen. 

Multi-criteria Fire Detection. Gas detection can be used to detect the products of combustion and can be combined 
with smoke detection for faster response or to verify a genuine fire event and eliminate unwanted and costly nuisance 
alarms. Smoke detection is well suited in locations where steam is present, in dusty or dirty environments, or where 
there is a high risk of a slowly developing or smoldering fire where toxic gases may evolve before smoke particles. 
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Application of ASD Sampling Techniques to Gas Detection and 
Environmental Monitoring 
Drawing a gas sample for analysis is common in the process industry. Representative samples must be clean, dry, 
moderate in temperature, and safe to enter the instrument. The active sampling helps compensate for adverse air 
movement in the sample zone, assures a known sample volume, and provides for an accurate sample composition. 
But in the environmental and building automation fields, use of aspiration techniques is the exception. Monitors for CO, 
CO2, combustibles, refrigerants and VOCs tend to be fixed, discrete sensors mounted in the area of detection, relying 
upon passive delivery of the sample to the sensor. 

The opportunity to leverage the installed and growing base of ASDs and add new gas sensor types to the centralized 
and networked detectors realizes new user benefits, especially for occupied areas in manufacturing environments. The 
concept and efficiencies of using a distributed pipe network in a facility to actively deliver a sample of gas to a 
centralized detector for analysis and reporting deserves some analysis.  

ASD overcomes a very specific problem — the impedance to smoke particles entering a passive detector. In the case 
of a traditional photoelectric point (“spot”) smoke detector, the impedance presented by the external mesh and the 
labyrinth to the chamber, designed to keep insects and light out, is quite significant. This impedance is suspected to be 
a major contributor to these devices performing below their nominal and factory calibrated levels

iii
 and providing only 

20% certainty of operation
iv. Aspiration not only moves the sample into the collection system but also delivers it to the 

detector at a known and monitored rate. Within design limits this same ASD collection system can be used to actively 
monitor for the presence of gas, overcome any impedance or specific gas density issues, provide a means to condition 
the sample before analysis, and measure and monitor the flow to ensure reliable detection. 

Expected advantages of using the method compared with existing passive gas detection methods include: 

 Active sampling in and around dangerous equipment – The ability to sample in and around the immediate 
environment of a manufacturing process from a safe distance has been a common market requirement. For 
example, if entry to a production environment first requires verification of safety, then the mounting of the detector 
on the outside of that environment provides obvious benefits. 

 High-cost efficiency – Compared to wiring and placement of multiple sensors, each with its own communication 
and mounting requirements, it is anticipated that common use of existing ASD sampling pipes will provide 
significant initial capital savings and lower total cost of ownership. 

 Easy access for maintenance and service – Centralized placement of a single sensor (or reduced sensor count) 
naturally reduces the effort of maintenance, service and testing. For example, if sampling is required within an 
electrical room in which technicians must circumvent electrical hazards to perform routine maintenance, it is 
possible to have the pipe network inside the protected space and the detector outside, allowing fire and 
environmental staff to service the equipment without the need to enter the protected area. 

 Management of environmental extremes – Conditioning of the sample in the pipe before sampling at the detector 
is a common tactic in ASD. Similar practices, such as pipe warming, can be adopted for gas detection.  

 Improved aesthetics and tamper-proofing – Where gas detection is required to be out of sight or made with 
improved aesthetics, then the sampling point can be disguised or hidden within other equipment of facility features. 

 Convenient and cost-effective integration, centralized monitoring and communication – Power systems and 
monitoring and reporting networks for ASD already exist, and in many cases with interfaces to building 
management systems (BMS) and process and control systems. Leveraging existing, common infrastructure 
reduces the cost of implementation and ongoing system support. 
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Application of the ASD Technique for Combined Fire and Gas 
Detection 
Fire Alarm Confirmation 

Different types of fires produce different gases, as illustrated in Table 1. The possibility of augmenting fire-detection 
performance for improved responsiveness and reduced nuisance alarm rates through the use of multi-criteria analysis 
has been much lauded

v
. Typically, one of the challenges of relying upon multi-criteria systems in domestic 

environments is the fact that you are less aware, or in control of the possible fuel types that might cause different ratios 
of the coincident gases. To some extent, the manufacturing environment could be said to be more controlled, and 
knowledge of the particular fuel present and likely fire products could allow better discrimination.  

Measurement of fire produced gases
vi
     

BS5445     

Fire Type 
CO 

(ppm) 

H2 

(ppm) 

H2O 

(%) 

O2 

(ppm) 

Cellulose  38 3 0 1300 

Smouldering (cellulosic) 105 0 0 0 

Smouldering (cotton) 230 245 0 0 

Open polyurethane fire 45 0 8 2200 

Liquid (n-heptane) 23 0 28 8000 

Liquid (methylated spirits) 18 0 39 9000 

Table 1 — Gases produced from common fire types 

Multi-criteria discrimination in a manufacturing environment could reduce nuisance alarms from dust particulates of 
sizes resembling smoke particulates. It could allow the possibility of very early smoke detection, where a relatively high 
percentage of particulates is present but a selected gas is known to be produced as a product of combustion. Naturally 
the coincidence of the smoke and gas sampling in the one pipe network provides a good basis for multi-criteria 
analysis. 

Common Gas Detection Applications Leveraged by ASD 

ASD is applied in a number of manufacturing and building-automation situations that are targets for innovative gas 
detection. Here are some examples of common applications and their target gases: 

 Ventilation systems –CO2 for demand-controlled ventilation (DCV) to reduce capital expenditure and ongoing 
energy costs. ASD is already the preferred choice for duct and HVAC monitoring because of its tolerance of high 
airflow and high sensitivity to diluted smoke. 

 Warehouse and cold storage – Refrigerants such as NH3, CO2 to ensure equipment reliability, avoid stock 
contamination and compliance with OSHA and FDA requirements. ASD is the only approved technology for cold 
storage smoke detection and is most widely specified for high-value storage applications. 

 Utility rooms, electrical control and switching equipment – Light hydrocarbons, H2, CO and other gases to 
avoid explosions and ensure tenability for staff and ensuring equipment and service continuity. The very early 
warning and remote active sampling capabilities of ASD make it the preferred choice for remote sensing inside 
small rooms and cabinets. 

 Habitation in adverse climates – CO, O2, CO2 for indoor air quality (IAQ) and compliance with OSHA 
requirements. ASD is ideal for detecting, recording and audit reporting of such life safety risks.  

 Tunnels and enclosed spaces – Light hydrocarbons, H2, CO and O2 to avoid explosions, detect incipient cable 
fires and ensure tenability for staff. The very early warning, pipe network flexibility, and tolerance to contamination 
of ASD make it the preferred choice for protecting tunnels. 

 The manufacturing floor (high ceilings) – Any gases at risk of leaking from process equipment or the likely 
products of combustion. ASD is selected to overcome dilution in large, open spaces and reduce the cost of 
maintenance above busy work spaces.  
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The Problem of Dilution 
Although there are many practical advantages to the ASD sampling method for gas detection, there are also 
limitations. The most significant one is dilution of the sample in the ASD pipe network. Most applications of ASD use 
wide-bore pipes with a number of holes per pipe. As shown in Figure 5, if smoke enters only a single hole, then that 
smoke will be diluted by clean air entering other holes.  

High density

smoke

Diluted 

smoke

High density

smoke

Diluted 

smoke
 

Figure 5 — Dilution of smoke occurs when smoke only enters one hole. 

 

Because of the sensitivity of the ASD detector, this dilution is easily accommodated. Also, in practice, ASD is selected 
for use in applications where it is likely that dispersed and diluted smoke will enter more than one hole, such as in 
large, open spaces or in high airflow. The cumulative effect, being the natural addition of the various smoke signals 
from smoke entering many holes, is in fact one of the greatest application benefits of ASD. It allows detection of 
extremely low levels of homogeneous smoke at the very sensitive central detector. It also allows a better estimate of 
the size of the risk, before and after dilution, with less risk of nuisance alarms from local smoke anomalies.  

Can the same be said about gas detection? Take carbon monoxide (CO) detection as an example, which is gaining 
attention as a fire confirmation source (along with smoke detection). CO is a common fire product and is well dispersed 
in air. Within detection limits of the analyzer and the dilution design of the ASD sampling system, reliable CO 
measurements can be obtained. Use of the sensor data can improve fire detection performance aiding in fire response 
and also reduce nuisance fire alarms, avoiding costs of business interruption and brigade response. 

The use of CO monitoring for fire detection has limitations. Although a product standard exists (ISO 7240.6
vii), 

regulatory agencies that have issued guidance for their application, specifically for fire detection, have set a number of 
caveats on their use for this purpose. CO monitoring does have some acceptance in the fire system installation codes, 
especially in Europe

viii and Australiaix, but the U.S. standardsx are more aligned with detection of poisoning risks. The 
alarm limit is set with the concentration slightly above the normal CO levels in the environment, typically between 26 - 
45 ppm, which is close to normal background levels (5-30 ppm). Any mixing in an ASD pipe network of CO-laden air 
with normal concentrations of CO would naturally cause a masking of the signal. Accordingly, only ASD systems that 
offer the ability to determine the fire source from a single hole (“single-hole addressability”) would be recommended for 
this fire-detection application.  

CO monitoring for avoiding risks of poising is gaining momentum in municipal codes and standards with many U.S. 
cities mandating their use. The standards are principally designed to avoid loss of life from faulty heaters and other 
devices that emit the products of combustion. Product standards exist (UL2034

xi
 EN50291

xii
) as well as installation 

standards (BS EN 50292
xiii, NFPA 720xiv and ISA RP92.02.02, Part II-1998 xv). The alarm is based on concentration 

and time of exposure to avoid dangerous CO levels. The EN standard establishes a threshold of 100 ppm for 40 min 
and 300 ppm for 3 min for signaling of an alarm. The risk of dilution-based masking is much less than in CO-based fire 
detection, because a higher concentration threshold may be detected (i.e., a greater ratio of signal to background noise 
exists).  

The regulations and recommendations for monitoring air quality within car parks or vehicle garages vary tremendously 
across the globe. However, ventilation should be installed and used whenever there is a build-up of harmful gases or 
fumes from vehicle exhausts within the local environment. But which gases should be monitored, how many detectors 
should be installed, and what are the concentrations that constitute an increase in ventilation or an evacuation? 
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A review of global guidance shows a lack of consistency. For example, some countries state that carbon monoxide 
monitoring is sufficient, while others add nitrogen oxides (NO, NO2), as well as the need to monitor for flammable 
vapors that could indicate fuel spills. If the vehicle engines within these confined spaces primarily use gasoline (petrol) 
with catalyzed exhaust systems, it is likely that an increase in carbon dioxide, rather than carbon monoxide, will be 
prevalent. However, if diesel engines dominate, the build-up of NO and NO2 may need to trigger an action. And if 
recharging points for electric vehicles are nearby, an argument for hydrogen monitoring can be made. But in theory, 
maximum protection against gas risks from all vehicle types might require the installation of detectors for all six gases 
at every monitoring point, which is a cost-prohibitive requirement. 

Guidance on the number of detectors and their spacing also is inconsistent. Some regulations state that all parts of the 
car park should not be more than 25 m (82 ft) from a gas detection point, while others suggest that placement should 
be based on a calculation of the number of detectors for a given area - i.e., one detector per 200 square meter (2,150 
square feet) or one detector per 400 square meter (4,300 square feet) in some European countries. 

 

Aspirating Smoke and Gas Detection — System Design Concepts 
Design of an aspirating gas detection system should consider many variables: 

 Purpose of application (i.e., process continuity, machine protection, life safety) 

 Type of alarm generated (i.e., toxic gas detection, explosive gas detection, or fire confirmation) 

 Type and concentration of released gases 

 Full-scale measuring range 

 The diffuseness of the gas and its relative density or specific weight 

 Likely source location 

 Typical nature and concentration of released gases like pressurized jets, slow losses, and liquid drops 

 Changes in background concentrations 

 Air movement characteristics in the monitored area 

 Normal gas production (by machine, process or person) or requirements of a number of respirating subjects. 

 Define desired action(s) to occur upon the detection of gas 

 

An analysis of these variables will lead to classification of the application as one of two broad classes of gas sensing: 

 “Detection” - detection of the presence of something that should not be present in detectable quantities, e.g., 
ammonia. In this class, detection is viable notwithstanding the possible dilution of the sample in a multi-hole pipe 
network. Therefore, one sensor can support a pipe network of holes provided the sensor has sufficient sensitivity. 

 “Analysis” – a quantitative measurement of the concentration of a substance that may or may not normally be in the 
environment, e.g., CO2. Analysis is viable provided there is some calculation and management of the possible rates 
of dilution. That calculation may determine that one sensor can support only one hole (or addressability per hole on 
a network is required). Naturally, the calculation also requires an understanding of the sensor sensitivity and 
resolution.  

A consideration of these design criteria and the opportunities and limitations of cumulative sampling indicates three 
topologies for ASD-based gas sampling as shown in Figure 6. 

Localized Point Mounting: For applications where the detection is specific to an anticipated risk, such as a leak 
sensor. The sensor would be located in the pipe system, and the design would take into consideration the calculated 
dilution caused by ‘clean’ air into any upstream holes. If one hole per pipe is used, then the direct undiluted sample 
requires no such calculation. Ideal for ‘analysis’ applications. 
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Inlet Mounted: This topology is used where the measured area is uniform and the target gas is diffusive. The detection 
would be located on a specific pipe and would alarm indicating that a wide area gas detection threshold had been 
breached. Inlet mounted is only appropriate for ‘detection’ and ‘analysis’ applications. 

Exhaust Mounted: This topology is used to cover a broad area, and the potential gas source would be declared to 
have been found on any one of the pipes. The sensor on the exhaust of the ASD would provide a general notification 
for a large area. Ideal for ‘detection’ applications. 

In all cases, the gas detector alarm threshold should take into consideration the dilution from any other sampling points 
on the addressable pipe upstream of the sensor. The threshold of the detection unit for a particular enclosure or 
equipment is calculated by dividing the particular concentration limit with the total number of sampling ports on the 
pipe. As with the example discussed for CO, the calculation of any dilution must safely account for all risks of signal 
masking and must be done by qualified personnel. Other locations for detection off the pipe network could be 
incorporated on the same signalling circuit, providing a diverse sampling point arrangement. 

 

 

Figure 6 — Fire and gas detection concepts. 

 

Also shown in Figure 6 are possible communication options. A dedicated controller would take contact or analog 
signals and provide a data communication protocol for building automation and control networks, or other outputs to 
building management system (BMS) or fire alarm control panels (FACP). Those same analog signals could go directly 
to a third-party digital controller (or PLC) for manufacturing and process control or as a supervisor signal into a fire 
alarm panel. Fire signals would be presented to an approved panel for the necessary command and control. The gas 
alarms could likewise go to a panel (if code compliant). 
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Summary 
ASD is a reliable method for the detection of smoke from smoldering or active fires. The reuse and adaptation of ASD 
sampling systems can be applied to provide practical detection of gases  and other environmental hazards in 
manufacturing environments. 

This paper has outlined the challenges of smoke detection in the manufacturing environment and the mechanisms that 
ASD employs to overcome those challenges. The same strategies used to provide good smoke detection can ensure 
detection of a representative sample of gas in a set volume, overcome ventilation and sample entry impedance, and 
condition the air sample before detection. ASD combined with gas detection and environmental monitoring offers 
flexibility for the solution designer for the range of toxic gas detection, flammable gas detection, and multi-criteria fire 
detection. 

ASD, as the preferred technology for reliable and very early warning fire detection, now also provides solution 
designers with a gas detection scheme that offers the manufacturer a more productive and safe working environment. 

 

About Us 
Xtralis is a leading global provider of powerful, early warning fire detection and security solutions that prevent disasters 
by giving users time to respond before life, critical infrastructure or business continuity is compromised.  

We protect more than 40,000 customer sites in 100 countries, including billions in assets belonging to the world’s top 
governments and businesses. 

Our solutions include VESDA
® by Xtralis – very early warning fire detection, ICAM® by Xtralis – flexible fire and 

environmental monitoring, ADPRO
® by Xtralis – outdoor and enterprise security, and ASIM® by Xtralis – traffic 

detection.  

Visit us at www.xtralis.com to learn more. 
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Overview 
This white paper introduces a novel technology that combines aspirating 
smoke detection (ASD) with sensors for the detection and monitoring of 
gases and other environmental hazards. This unique combination delivers 
increased value over individual ASD or conventional gas detection 
systems, including full integration with fire alarm control panels (FACPs), 
heating ventilation and air conditioning (HVAC) systems, programmable 
logic controllers (PLCs), and building management systems (BMS) and 
delivers a lower total cost of ownership compared to conventional smoke 
and gas detection and monitoring technologies.  

This paper features three case studies, starting with a battery-charging 
room, where it is important to monitor for smoke, as well as hydrogen gas, 
to ensure life safety and avoid a catastrophic explosion or another fire/gas-
based disaster. The final two case studies cover car parking facilities and 
tunnels, both having unique requirements for safety and ventilation 
monitoring that can be answered with the use of aspirating systems. 
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Background 
For many years, ASD systems have offered highly sensitive, very early warning smoke detection. Such systems, like 
VESDA by Xtralis, exhibit installation flexibility with the capacity to be easily modified in response to changing 
operations within the protected area. While delivering high sensitivity, VESDA also has programmable alarm thresholds 
that allow for the management of various fire conditions – from a simple alert to the automated call out of fire services 
or instigating suppression release.  

The cumulative effect, where smoke enters more than one ASD sampling hole simultaneously, is particularly useful in 
high-airflow environments or areas where high levels of smoke dilution is anticipated. Large, open spaces such as 
warehouses, cold-storage facilities, manufacturing environments, and cable tunnels all benefit from the unique 
deployment of a VESDA ASD system. ASD devices can, therefore, provide reliable very early warning fire detection in 
situations that would present a challenge to conventional detection methods. VESDA detectors installed worldwide 
protect up to 3 billion square feet (300 million square meters) in various environments. 

With such an infrastructure in place, it is a small step to increase the scope of the ASD to provide multi-substance 
detection beyond smoke. Many of the environments protected by a VESDA system are workplaces where codes, 
legislation, regulations or good working practices dictate that the employer will provide all employees with safe, healthy 
and comfortable conditions, the most important being ambient air. Breathing air needs to contain the correct 
concentration of oxygen (20.9% vol) and be free of unwanted gases or vapors. 

Other monitored environments need to provide protection against airborne contaminants, especially car parks, garages 
and road tunnels, where the combination of carbon monoxide (CO), nitric oxide (NO) and nitrogen dioxide (NO2) can 
be deadly. Shopping malls built on reclaimed land may exhibit a risk of naturally occurring gas seepage, perhaps from 
old mining operations or the decay of trash in underground landfill sites, particularly methane (CH4) and carbon dioxide 
(CO2). 

Conventional gas detection systems, which are comprised of a network of remotely mounted diffusion gas sensors, 
often can be expensive or unsuitable, especially in certain situations: 

 Where accessibility of cabled detectors for calibration/maintenance is problematic 

 Areas of heavy vibration/shock/impact 

 Where there is no possibility of remote cabling or no remote-alarm requirement 

 Hazardous locations where it is preferable to avoid electrical connections at the potential leak site 

 Low-level fuel spillage – vapor collection at various heights just above liquid level, e.g., bund monitoring 

 Where the air sample needs conditioning (cleaning, drying, heating or cooling) before it can be passed to the gas-
sensing transducer 

 Where vandalism of remote electrical apparatuses is likely 

 General applications where wide-area coverage is required 

 When they are not integrated into other safety equipment or third-party systems 

 

Application Areas 
Gas detection is a mature science, but the majority of these systems use the conventional topology of cabled, remote 
detectors with power supplies and data communications wired to central controllers and power units. In many 
applications, such topology is impractical, and using an ASD for combined smoke and gas monitoring delivers both 
cost and reliability advantages for: 

 Transportation centers – car parks, road tunnels, vehicle maintenance workshops 

 Battery-charging rooms – hydrogen risk 

 Utility and cable tunnels  

 Inerting spaces – reduced oxygen monitoring  
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Technique 
A VESDA system typically uses a network of sampling pipes through which representative air samples from within an 
indoor environment are drawn by a remotely mounted pump, which is situated in a cabinet that also contains the 
smoke-detection apparatus. If the air needs to to be sampled for the presence of unwanted gases or fumes, the 
VESDA ASD system can be converted quite simply into a VESDA ECO system by the installation of one or more ECO 
gas detectors, which are inserted into the pipe network as illustrated below. 

 

Air is actively drawn into the sampling pipes for early detection of smoke and gases 
in one cost-effective, integrated solution. 

Each detection point can be fitted with one or two gas sensors. A small portion of the sampled air is directed into a 
cavity containing the sensors before being returned to the pipe. The detector design is such that its insertion into the 
pipe network has a negligible effect on smoke transport time. The cavity has a separate, sealed port for testing and 
calibration purposes, as periodic checking of the gas sensors may be a requirement of workplace codes or regulations.  

 

Digital Technology 
Each VESDA ECO detector has built-in intelligence and signal-processing capabilities with 2GB of memory for 
recording events and values locally. Digital transmission of data by Modbus/RS 485 to a central controller enables a 
single VESDA ECO Controller to support up to 128 detectors with the potential for up to 256 separate gas sensors. The 
controller can calculate time-weighted averages of gas presence, which is an essential calculation when considering 
workplace exposures to toxic gas. Alarm or action trigger points can be set, and these also can include setting unique 
hysteresis bands that enable an alarm relay to be energized at one gas concentration and de-energized at a lower 
concentration, simplifying demand-controlled-ventilation applications. 

 

The parts that comprise a VESDA ECO detector 
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Environmental Control and Energy Savings 
A VESDA ECO system can provide detailed information about the environment being monitored. With knowledge of 
the ambient conditions, intelligent and automatic decisions can be made about air quality. Digital communications 
between the VESDA ECO and existing PLC/HVAC/BMS can enable appropriate levels of ventilation to be applied to 
road tunnels or car parks, dramatically reducing electrical energy consumption when compared with fans that are 
powered permanently.  

 

System and Network Topology 
To achieve great savings in cabling and installation costs, mounting a VESDA ECO detector close to the VESDA 
smoke detector’s inlet manifold may be preferred. However, if the gas characteristics do not allow this, then localized 
mounting closer to the sampling point may be more appropriate. Or mounting the gas detector on the exhaust port of 
the VESDA smoke detector could allow a single VESDA ECO installation to monitor gas concentrations coming from 
any of the multiple zone inputs, providing total-area coverage. Xtralis has significant experience in the deployment of 
ASD sampling points and can provide expert assistance in gaining as many advantages from the system topology as 
possible. These include: 

 Reducing cabling costs and complexity 

 Allowing maintenance to be carried out away from the monitored site 

 Sampling from hazardous, dirty, harsh or otherwise inconvenient locations 

 Detering vandalism through “invisible” sensing points and to suit site aesthetics  

 

A typical VESDA ECO plus ASD system with optional Controller 

 

 

 

 

VESDA ECO Detector 

VESDA VLP Detector

VESDA ECO Controller
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Gas Suitability 
Only a few simple points need to be considered in assessing the benefits and suitability of a VESDA ASD and pipe 
network. For example, the distributed coverage of the site by multiple sampling points could lead to dilution of the 
measured gas concentration. Flow-failure monitoring can be established for high reliability or on long pipe runs, but 
some species of gas are more suitable for the aspiration technique than others as shown in the following table. 

Straightforward Care needed 

Methane, propane, butane and similar light hydrocarbons Oxides of nitrogen, NO, NO2 

Carbon monoxide Sulfur-based gases, H2S, SO2 

Oxygen Heavy hydrocarbons 

Inert gases (He, Ar, etc.) via oxygen depletion Ethylene oxide 

Table — Species of gas suitable for aspiration technique 

 

Case Study 1: Battery-charging Rooms 
Background 

Electrical energy storage is now a major consideration in many industries, ranging from the need to supply permanent 
power to computer rooms via an uninterruptible power supply (UPS) to large-scale power generation and storage from 
renewable resources such as wind energy. Also taking into account the growth in the use of electric or hybrid vehicles 
and the need to charge traction batteries en-masse (including military applications such as submarines), it is easy to 
imagine the number of battery-charging rooms that now exist in factories and office buildings.  

Rechargeable batteries all use an electrochemical reaction to convert available electrical current into stored chemical 
energy. This chemical reaction can produce quantities of hydrogen gas (sometimes known as off-gassing), which is 
highly flammable and has led to some catastrophic explosions when not managed properly. Key to the safety of 
battery-charging room installations is the ventilation of the air spaces above the batteries (hydrogen is approximately 
fourteen (14) times lighter than air, so it rapidly rises away from the source of its generation), but permanent ventilation 
can be inefficient and costly if it is left running when no hydrogen is being created. 

The electrochemical reaction that occurs when charging batteries can be more efficient if the ambient temperature is 
maintained within suitable limits, so it is commonplace to see an air-conditioning apparatus installed in the room.  

The large electrical currents flowing into or from the batteries can spike to high levels when a current disturbance 
occurs, or other heavy load on the batteries is applied, so there is a real risk of heated cables, smoldering insulation, 
melted plastic fittings and cable fires. Therefore, very early smoke detection is an essential part of the safety 
infrastructure for a battery-charging room. 

Solution 

A VESDA ECO system combines fire protection and gas-monitoring capabilities in one system. The ASD system 
delivers the well-known benefits of very early warning fire protection, and the VESDA ECO detector provides the ability 
to detect flammable hydrogen gas. This unique dual-monitoring concept significantly reduces costs over the installation 
of separate conventional protection systems, including cabled-smoke detectors and cabled-gas detection. VESDA 
ECO also can combine the inputs from its various sensors to subsequently control: 

 Variable-speed fans, allowing demand-controlled ventilation  

 Early-stage smoke detection, fire alarms and extinguishing systems 

 Gas detection and inputs to FLCP, HVAC and BMS  

 Gas alarms to meet local regulations 
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Battery room — monitor hydrogen level for explosion protection and demand-controlled ventilation 

 

Case Study 2: Car Parks and Garages 
Background 

The regulations and recommendations for monitoring air quality within car parks or vehicle garages vary tremendously 
across the globe. However, ventilation should be installed and used whenever there is a build-up of harmful gases or 
fumes from vehicle exhausts within the local environment. But which gases should be monitored, how many detectors 
should be installed, and what are the concentrations that constitute an increase in ventilation or an evacuation?  

A review of global guidance shows a lack of consistency. For example, some countries state that carbon monoxide 
monitoring is sufficient, while others add nitrogen oxides (NO, NO2), as well as the need to monitor for flammable 
vapors that could indicate fuel spills. If the vehicle engines within these confined spaces primarily use gasoline (petrol) 
with catalyzed exhaust systems, it is likely that an increase in carbon dioxide, as well as carbon monoxide, will be 
prevalent. However, if diesel engines dominate, the build-up of NO and NO2 may need to trigger an action. And if 
recharging points for electric vehicles are nearby, an argument for hydrogen monitoring can be made, as covered in 
Case Study on previous page. But in theory, maximum protection against gas risks from all vehicle types might require 
the installation of detectors for all six gases at every monitoring point, which is a cost-prohibitive requirement.  

Guidance on the number of detectors and their spacing also is inconsistent. Some regulations state that all parts of the 
car park should not be more than 25 meters (83 feet) from a gas detection point, while others suggest that placement 
should be based on a calculation of the number of detectors for a given area – i.e., one detector per 200 square meters 
(2,178 square feet) or one detector per 400 square meters

 
(4,356 square feet) in some European countries. 

Solution 

To provide adequate gas detection coverage in large car parks or garages using conventionally cabled detectors is 
likely to be very costly and complex, especially if all of the apparatuses need to be vandal-proof. 

However, a VESDA ECO system can dramatically simplify installation and maintenance costs, reducing the physical 
number of gas detectors to an absolute minimum. Careful design of the sampling pipe network, with appropriately 
spaced sampling points along the length of the pipe, will ensure that the air being sampled far exceeds the toughest of 
national regulations. It is feasible that only one set of gas detectors may be required (or one set per floor of a multi-
story facility), mounted where all of the pipes are brought back to the central control point that contains the aspiration 
pump. 
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Such a system offers the following advantages: 

 No expensive electrical cabling to remote areas of the car park 

 No visible apparatus for vandals to target 

 Gas detectors mounted together for one-stop maintenance 

 Integration of fire/smoke detection with atmosphere monitoring 

 A single intelligent dataflow to FLCP, HVAC and BMS to control ventilation and alarms 

 Reduced energy usage by tailored ventilation rates 

 

Car Parks — protects against carbon monoxide poisoning and automatically controls vent fans based on detection levels 

 

Case Study 3: Tunnels 
Background 

Tunnels demand safety and ventilation systems with the highest level of protection. Road vehicle tunnels pose fire and 
explosion risks from the fuels and goods carried, as well as toxins from the vehicles’ own exhausts – similar to those 
listed in the prior case study. Train, subway and pedestrian tunnels with huge numbers of passengers in such confined 
spaces require adequate ventilation with early-stage monitoring for both smoke and breathing air quality. Service 
tunnels, particularly those used for the transportation of utilities such as piped gas and electricity, present specific 
hazards because of flammable or toxic gas leaks, oxygen deficiency, overheated cables, and smoldering electrical 
fires.  

Serious incidents continue to take place in tunnels, resulting in the loss of life. The Mont Blanc Road Tunnel disaster 
and the England-France Cross-Channel Rail Tunnel fires in Europe are two notable examples. Throughout the world, 
service and utility tunnel emergencies are commonplace and usually involve workers who have to enter confined 
spaces that have not been equipped with monitoring systems that are installed permanently. 

Tunnels tend to be linear structures, so any point-detection systems for smoke or gas monitoring have to be distributed 
along the length of the tunnel to ensure good coverage and enable fast response to any detectable change. 
Conventional technology likely will require a large number of separate detectors with all of the complexities of installing 
electrical power and signal cables underground. Liquid seepage and collection is another problem that could rule out 
the installation of conventional, electrical-monitoring equipment. 
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Solution 

The linear nature of a tunnel lends itself to the installation of an ASD system with appropriately spaced sampling holes 
along the length of the pipe network. The use of a VESDA ECO system avoids the need to locate sensitive, electrical-
monitoring apparatuses in the hazardous section of the tunnel, allowing the ECO detectors to be mounted close to the 
tunnel entrances or exits – or even outside the tunnel. Longer tunnels can be fitted with several detection ‘sites’ where 
the apparatuses can be grouped together and connected by a single addressable cable.  

In addition to all of the advantages outlined in the two previous case studies (especially the cost of installation), the 
presence of liquids, whether by seepage, sprinkler or other fire extinguishing systems, does not affect the integrity of 
the VESDA ECO detector as this equipment will be located some distance away from where any liquid would exist. 

 

Utility tunnels — explosion protection and oxygen-depletion monitoring 

Summary 
Aspirating smoke detection, such as VESDA ASD, is a reliable method for very early warning fire detection. By 
leveraging a VESDA ASD system, gas detection and environmental monitoring also can be realized. This paper has 
outlined the challenges of smoke and gas detection in various environments and the mechanisms that ASD employs to 
overcome these challenges. The combined VESDA ASD and ECO solution provides early warning for both fires and 
gas leaks in a single, cost-effective package. 
 

About Us 
Xtralis is a leading global provider of powerful, early warning fire detection and security solutions that prevent disasters 
by giving users time to respond before life, critical infrastructure or business continuity is compromised.  

We protect more than 40,000 customer sites in 100 countries, including billions in assets belonging to the world’s top 
governments and businesses. 

Our solutions include VESDA
® by Xtralis – very early warning fire detection and gas monitoring, ICAM® by Xtralis – 

flexible fire and gas detection, ADPRO
® by Xtralis – outdoor and enterprise security, and ASIM® by Xtralis – traffic 

detection.  

Visit us at www.xtralis.com to learn more. 
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